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Abstract

Nitrate movement under simultaneous influence of hydraulic, electric and chemical gradients
was investigated. A one-dimensional ion migration model was developed and compared with
laboratory column experiments. Operation of subsurface drainage with an electrode was dis-
cussed as an application.

The ion transport equation was developed utilizing non-equilibrium thermodynamics.
Onsager's reciprocal relations were applied to reduce the number of linear phenomenological
coefficients that relate flux to driving forces. Then phenomenological coefficients were ex-
pressed using known or measurable physical, chemical and electrical properties of solute and
porous media.

Without water flow, nitrate concentration increased at the anode by 2.5 times after 100 hrs of 30
V application. Two flux rates (0.112 and 0.225 cm min "!), and three inflow concentrations (100, 500
and 1,000 ppm NO3-N) were used to evaluate nitrate transport in the column. Nitrate concentra-
tion at the anode increased by 10 to 20% at the end of all experiments. However, the concentra-
tion in the column was same as inflow concentration.

The application of electrokinetic nitrate removal by installed subsurface drainage with on-off
(no flow then flush out) operation is recommended over a continuous flow approach. The
numerical model results showed very low flux rates (i.e. 268 X107 2cm min™!) are required for
nitrate accumulation in a sand column, and the experimental results confirmed no accumulation
at a flux rate of 0.112c¢m min~.
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Table 1 Electrokinetic in-situ
(Environmental Protection Agency), 1995].

remediation demonstrations and commercial

5,

ZAEH OB RBREMBIZE LTIhE T
ELOoMETHEbLN TS B AL (Bear, 1972 ;
Freeze, 1979])), KEITIREBNAEAMD - ffREBIC B
5 oBZ AR L TR~ 5,

BEXRE L ETKEH
(Electroosmosis and Electrophoresis)

18 [HAC I UHIC BBk B & TE&UBE A Rouss i X D]
EANTLK (Probstein, 1994) ThoDxFlF N
ISHDEA SN TETWS, B, Eiotd 28BSH)
MEREL NI CEXREE (Electro-osmosis) & EX
& (Electrophoresis Electromigration) %72 7-#
HLbEEOLOICHETE 3, 20 HHRIT £ TOER
BEFEORHC I B BKPRIER O g, Hgmika &K
DEXRBRESTE L ST RIE—EOMTH 5 RHH
ZRHL-b08B L R (Casagrande, 1959),
F /0 1970 EARLIRIC I, BRUABEHAGbELLD

applications [EPA

Sile Name or Research Institute

Wastes Treared

Briel Descriplion

Old TNX Basin
Savannah River Sile
SC. (1)

Oak Ridge K-25 Facility, TN (2)

Mercury

compounds
DOE Gaseous Diffusion Plant, TCE in clay.
KY (3)
US. Army Waterways Station, Lead
Baton Rouge, LA (4)
Sandia Nat'l Lab. Chemical Chromium
Waste Landfill (5)
Underground Storage Tank Spill, BTEX
Electrokinetic enhancement. (6)
Argone National Lab. (7) Potassium-
dichromate

Louisiana Siate Univ. (8) Heavy metals,
Radionuclides,

Organics.

Uranium Organic-

Process with cylinder to control buffering

conditlions in situ and exchange polymer.

Application of direct current and a system to
capture the radionuclide.

Electrodes to flush contaminants by electro-
osmotic low into sorption zones.

Numerous bench scale lab. studies. (Design stage.)

25-10,000 ppm chromium up to 15feet deep. 120
day treament remove 25 to 120kg of Cr from 700
to 1,000 c.f. of soil.

2,400 sqg.ft. conteminated area gasoline level
reduced from 100-2,200 ppm to 100 ppm after 90
days.

Focused on temp. effect in removal from

kaolinite soil.

Mulit-species transport mechanisms in soil under
electrical fields. Bench scale test to remove

phenol, hexachloeobutadiene and TNT.

(1) to (b) : Ongoing of future demonstrations.
(6) : Completed commercial applications.
(7), (8) : Current research.
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Fig. 1 Electrokinetic phenomena.
Electromigration.

(a) Electroosmosis.
(d) Sedimentation potential.
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Table 2 Conjugate and coupled flow phenomena (Conjugate phenomena are shown in

bold type)

Flow/Flux Gradient X

)] Hydraulic Electrical Chemical
Fluid Fluid advection Electro osmisis Osmosis
(water) (Darcy’s law)
Electric Streaming current Electric conduction Diffusion and
current (Ohm’s law)s membrane potential
Ton Streaming current Electrophoresis Diffusion

(Fick’s law)
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F=77 355 —-DEH,
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6000
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e —®— — -
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¢ -
E 40004 Hi flow, J = 0.225 cm min’'
c
2
o
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[
Q
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8
£ M* —e-e
_,g 2000 ! Inflow NO;-Nconc.= 500ppm {2200 ppm NO4)
z
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Inflow NO;-N conc.= 100ppm (440 ppm NO,)
.W—Hﬁ%—‘——.—r—o—o—o——o—o—*’————;
0
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Fig. 4 Effluent nitrate concentration for 2 flow rates and 100-, 500~ and 1,000-ppm initial con-

centration.
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Fig.5 Effluent pH vs. PV for 2 flow rates and 100-, 500- and 1,000-ppm initial concentration.
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Fig. 6 Nitrate concentration vs.
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Simulated nitrate concentration profile development over time for no applied voltage and 0.112

cm min~! flux rate.
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Simulated nitrate and sodium ion concentration profile development over time for 30 V applied

and 0.112cm min ™! flux rate.
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Fig. 9 Simulated nitrate concentration profile development over time for no applied voltage and 6.28 X
10 *cm min ! flux rate.
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Fig. 10 Simulated nitrate and sodium ion concentration profile development over time for 30 V applied
and 6.28X 107 %cm min "' flux rate.
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