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Introduction

▪ Key terms and takeaways

▪ How brine influences soil and water infiltration

▪ Site characterization

▪ Passive vs Active remediation

▪ Introduction of Electrokinetic remediation

▪ Case Study - Schmitz brine remediation, McKenzie County, North Dakota

▪ Understanding pH and Alkaline fronts with PHREEQC modeling 

▪ Future work

“A nation that destroys its soils, destroys itself” – Franklin D. Roosevelt



Key Terms and Takeaways

Terms
• Remediation vs Reclamation – remediation is moving something from a state of non 

function towards original function. Reclamation is to restore to pre-disturbed function
• Passive vs Active remediation – active remediation is short termed high input while 

passive is long term limited inputs
• Electrokinetic – use of direct current to mobilize and recover contaminants of concern

Key Takeaways
• Research has proven PHREEQC a powerful modeling tool for understanding geochemical 

processes in electrokinetic (EK) treatment 
• Understanding pH fronts are key to EK treatment success
• Geology, hydrology, and chemistry are first order processes
• Chloride removal at the anode is a challenge – 50% to 60% removal 
• This application of EK technology is not well understood. Field testing has shown it is 

effective at mobilizing ions in brine impacted soil

“We know more about the movement of celestial bodies than about the soil underfoot” – Leonardo Da Vinci



Sodium ions

• Flood a natural system with NaCl
• Na+ impacts soil function by breaking 

down soil structure which limits 
water movement in the soil

• Cl - – has state and federal Risk Bases 
Screening Levels and is toxic to crops 
and grasses

• Na+ binds to clays
• Cl- is highly mobile
• How to remove these ions?

How Brine NaCl Impacts Soil

Dr. Kerry Sublette University of Tulsa



Case Study  - Schmitz Remediation McKenzie, ND



Site Characterization 



Site Characterization 



Site Characterization 



Groundwater Contour – August 2017 Groundwater Contour – March 2017

Site Characterization 



Electrokinetic Remediation 

• Application of direct current (DC) electricity to the soil

• Polarized electrodes invoke movement of pore water and ions 
contained in the pore water, even in low permeability soils

• Electroosmosis – Movement of pore water and contaminants toward 
the cathode – Na+, Ca2+ , Mg2+ and other positive charged ions

• Electromigration – Migration of ionic species toward respective 
electrodes (anions toward anode, cations toward cathode) by 
electrical attraction – all ions



Principles of Electrokinetics
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Electrokinetic Remediation - How EK Desalinization Works

• Sodium ions migrate toward the cathode by electromigration and 
electroosmosis where they are removed

• Chloride ions migrate toward the anode by electromigration, where 
they are removed or oxidized to chlorine

• The removed cathode and anode streams are combined as brine and 
disposed/injected or beneficially reused



Case Study  - Schmitz Remediation McKenzie County, ND
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Anode + Cathode -

Na+Cl-

Brine

Rate of ion migration 
(electromigration) is proportional 
to voltage gradient and ionic 
mobility plus electroosmosis flow 
and any bulk convectional flow.  

Electromigration

Electroosmosis

+ -

Case Study  - Schmitz Remediation McKenzie, ND

Zoomed in on treatment cell #3



Model Development and Operation

• Model developed to determine appropriate installation and operation
• 2-Dimensional

• Cylindrical coordinates (cathode at center)

• Zero flux boundary at anodes, C = 0 at cathodes

• Estimates removal times based on electromigration + electroosmosis
Excel based model developed by Terran  & Dr. Robert Wilkens at University of Dayton

• Operation 
• DC power supply @ 6 - 14 volts
• Anode – cathode spacing of 5’ to 6’
• Chloride accumulates and oxidizes to chlorine at anode
• Sodium accumulates and is recovered at the cathode
• Model predicted 4+ days to travel 8”



• Sodium is removed efficiently 
from the cathode

• Nine days to remediate 

• Chloride mounds near the 
anode 



pH
Total Alkalinity 

(as CaCO3)

Silica as 

SiO2

Bicarbonate 

as HCO3

Carbonate 

as CO3
Chloride

Nitrate-Nitrite 

Nitrogen (as N)
Sulfate Calcium Magnesium Potassium Sodium

Cation 

Sum

Anion 

Sum

Cation-

Anion 

Balance

Dissolved 

Phosphorus

s.u. mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L meq/L meq/L % mg/L

Background B 6"-4.2' 11/20/20 8.1 151 14.9 182 <5 3 1.3 67 28 11 11 72 5.75 4.81 8.86 0.2

Background B 4.2'-9.3' 11/20/20 8 81 7.1 99 <5 4 0.8 101 16 9 11 73 4.97 3.99 10.94 0.1

Background B 9.3'-15' 11/20/20 8.2 77 4.2 94 <5 14 0.2 27 9 5 4 45 2.87 2.56 5.70 0.4

Background GW 11/16/20 8.6 792.0                      21.5          870.0            47.0            9.0              <0.1 1,270.0    87.0          55.0               7.0             769.0          42.43         42.86        0.5           0.8                   

Area 5-Well 4 (Cathode) 11/16/20 12 38,400.0                289.0        <5 1,160.0      720.0          2.0                           1,030.0    42.0          3.0                 364.0        12,500.0    555.90      814.63      18.9         3.5                   

Area 3-Well 4 (Cathode) 11/16/20 12 52,100.0                91.5          <5 700.0          111.0          <0.1 404.0       20.0          2.0                 1,670.0     25,900.0    1,170.29   1,054.83  5.2           1.3                   

Area 4-Well 3 (Cathode) 11/16/20 11.4 149,000.0              401.0        <5 4,660.0      2.0              <0.1 39.0          80.0          13.0               5,490.0     70,900.0    3,229.43   2,987.56  3.9           5.6                   

Area 3-Well 1 (Anode) 11/16/20 1.4 <5 140.0        -                 <5 13,600.0    29.1                        5,570.0    643.0       573.0             43.0           1,220.0      133.54      502.71      58.0         19.5                 

Area 5-Well 6 (Anode) 11/16/20 1.4 <5 82.0          -                 <5 19,600.0    52.4                        4,660.0    1,250.0    572.0             163.0        2,130.0      206.35      655.48      52.1         12.9                 

Area 4-Well 1 (Anode) 11/16/20 0.9 <5 159.0        -                 <5 35,500.0    1,060.0                  5,360.0    3,350.0    2,060.0         46.0           828.0          373.81      1,192.24  52.3         44.0                 

Mil l igrams per l i ter = mg/L

Mi l l iequiva lent per l i ter = meq/L

Al l  samples  are groundwater

Table 1

SampleID Sampled

Groundwater Analytical Data from Project Area

Where is Al?  
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Anode @ pH 1.4

Cathode @pH 11.4

• Carbon species are dominant
• Sodium is second most dominant
• Antigorite = SI 230.84; Mg48Si34O85 (OH)62

• Anthophyllite = SI 21.5; Mg7Si8O22 (OH)2

these are not likely the correct mineral

• Chloride is dominant species
• Calcium and magnesium and sulfate 

are second most dominant



Conclusion and Future Work

Current Conclusion
• Strong alkaline front at the cathode = pH 11.5 – 12
• Strong acid front at the anode = pH 0.9 – 1.4
• PHREEQC shows under saturated conditions, with limited speciation at the anode
• Antigorite = SI 230.84 and Anthophyllite = SI 21.5 are supersaturated at the cathode
• Limited speciation at the anode with chloride being dominant =  5.6 x 10-1 Molality
• Some speciation at the cathode with carbon being dominant = 3.952 x 10-1 Molality

Future work
• Why does chloride mound next to the anode?
• Will reversing the polarity enhance chloride recovery?
• How far from the cathode does the alkaline front extend?
• How far does the pH front extend from the anode? Note other treatments showed slight alkaline 

conditions at pH 8.8.
• Analyze for Al on future groundwater analysis 
• NDSU analyze mineralogy of sediments
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