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Project Overview

• Funding: DOE $935,254 Matching $234,725  

• Original: January 1, 2020 through December 31, 2021

• Modified: January 1, 2020 through June 30, 2023

• Participants: University of Arizona, Water Tectonics

(Everett, WA) and Franklin Mountain Energy (Jal, NM)

• Objective: Develop a more effective and lower cost 

process for treating flowback and produced water (FPW)
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Background: Current State of the Art FPW Treatment

• Coagulation-flocculation processes remove particulates and emulsified oil

• 15 of 16 commercialized FPW treatment use coagulation-flocculation processes

• Commercialized electrocoagulation processes: Halliburton CleanWave®, Origin Clear 

Clean-Frac®, BakerCorp-Kaselco, Bosque MWR®, Veolia ShaleFlowTM

• Coagulation-flocculation processes add Fe2+/Fe3+ or Al3+ ions into the water

• Reactions with water form high specific surface area (>30 m2/g) precipitates that 

adsorb particulates, bacteria and emulsions

𝐹𝑒 𝑎𝑞
3+ + 3 𝐻2𝑂 → 𝐹𝑒(𝑂𝐻)3(𝑠)+3 𝐻

+

𝐴𝑙 𝑎𝑞
3+ + 3 𝐻2𝑂 → 𝐴𝑙(𝑂𝐻)3(𝑠)+3 𝐻

+
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Background: Electrocoagulation
• Iron or aluminum sheet metal anodes are dissolved 

into the solution via electrochemical oxidation

𝐹𝑒 𝑠 → 𝐹𝑒 𝑎𝑞
2+ + 2𝑒−

𝐴𝑙 𝑠 → 𝐴𝑙 𝑎𝑞
3+ + 3𝑒−

• Acid produced via precipitation reactions 

𝐹𝑒 𝑎𝑞
3+ + 3 𝐻2𝑂 → 𝐹𝑒(𝑂𝐻)3(𝑠)+3 𝐻

+

𝐴𝑙 𝑎𝑞
3+ + 3 𝐻2𝑂 → 𝐴𝑙(𝑂𝐻)3(𝑠)+3 𝐻

+

is removed at the cathode via electrochemical reduction

2𝐻+ + 2𝑒− → 𝐻2 𝑔

• Process does not change the pH of the solution

Problems with electrocoagulation:

1) high cost of sheet metal anodes

2) low current densities require very large anode surface area

3) dissolved O2 concentrations limits maximum iron coagulant dose to ~1 mM

2 Fe2+ + 2 H+ + 0.5 O2 → 2 Fe3+ + H2O
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Background: Current State of the Art FPW Disinfection

• Disinfection using UV radiation, onsite generated hypochlorite (HOCl) or ozone

• Oxidation of Cl- ions produces HOCl disinfectant: 

2𝐶𝑙 𝑎𝑞
− → 𝐶𝑙2 𝑎𝑞 + 2𝑒−

𝐶𝑙2(𝑎𝑞) + 𝐻2𝑂(𝑙) → 𝐻𝑂𝐶𝑙(𝑎𝑞) + 𝐻+
(𝑎𝑞) + 𝐶𝑙(𝑎𝑞)

−
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Technical Approach: Electrolytic Coagulation & Disinfection (ECD)

𝑐𝑎𝑡ℎ𝑜𝑑𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛
4 𝐻2𝑂 + 4 𝑒− → 2 𝐻2 + 4 𝑂𝐻−

𝑎𝑛𝑜𝑑𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠
2 𝐻2𝑂 → 𝑂2 + 4 𝐻+ + 4 𝑒−

2 𝐶𝑙 𝑎𝑞
− → 𝐶𝑙2 𝑎𝑞 + 2𝑒−

hydrolysis of Cl2

𝐶𝑙2(𝑎𝑞) + 𝐻2𝑂 →

𝐻𝑂𝐶𝑙 + 𝐻+ + 𝐶𝑙−

An electrochemical cell is used to split water into acid and base.
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Technical Approach: Electrolytic Coagulation & Disinfection (ECD)

ECD uses acid to dissolve iron scrap metal to produce Fe3+ coagulant.

𝑖𝑟𝑜𝑛 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 3 𝐻+ + 𝐹𝑒 → 𝐹𝑒3+ + 1.5 𝐻2
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Process Description: ECD Advantages
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1. lower cost for coagulant than conventional EC

2. high current density allows for significantly smaller system

3. high Fe doses can be delivered (ECD not limited by dissolved oxygen) 

4. eliminates significant labor for changing electrodes

5. disinfectant is produced
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Project Scope
• Develop and test a new method for delivering a Fe3+ coagulant and disinfectant

• System will remove: suspended solids, emulsified oil, H2S, microorganisms and some 

scale-forming cations

• Target cost savings of at least 50% compared to current practices 

• Design, construct and test an automated treatment system for use in pilot 

demonstrations with FPW flow rates of 25 gallons per minute

• Laboratory testing to determine system outcomes from simulated FPW

• Test the treatment system at oil and gas production facilities in New Mexico

• Develop specifications for operating the treatment system for different water qualities

• Write operations and maintenance manual for scale-up of the technology



Progress: System Construction

10

• System designed by UA and 

constructed by Water 

Tectonics (Everett, WA)

• System delivered to UA on 

12/3/2020
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Progress: Electrochemical Experiments 

Energy requirements per kmol of acid or 

base produced for different electrolyte 

solutions

Electrical energy in kWh required for 

delivering a 1 mM Fe3+ dose per cubic meter 

of water as a function of current density 



Progress: Suspended Solids Removal
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Feed Water

Treated Water

pH

or 

[Fe]

• turbidity reduced to 2-4 NTU, below 

guideline of 10 NTU

• dissolved Fe3+ <0.75 mg/L, below 

guideline of 10 mg/L



Progress: No Electrode Fouling
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Cathode and cathode facing 

membrane after 2 hours of 

operation at a current 

density of 100 mA/cm2

without cleaning cycle.

Electromagnetic water 

conditioner to reduce 

precipitation on surfaces.



Progress: Economic Analysis
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Future Plans – Field Test in Jal, NM



Outreach and Workforce Development

Outreach 
• License technology to Water Tectonics

• Field Test with Franklin Mountain Energy

Workforce Development – Training Activities

• Post Doctoral Researcher: Jiale Xu (Asst. Prof. N. Dakota St. U.)

• Graduate Student, M.S.: Truc Vo (Engineer, Arizona Water Co.)

• Graduate Student, Ph.D.: Tenzin Phakdon (graduation, June 2023)
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Summary

Key Findings (laboratory experiments)

• system performance similar to conventional EC

• treated water properties (suspended solids, dissolved Fe, 

etc.) satisfy guidelines for reuse in hydraulic fracturing 

and secondary oil recovery

• total cost is < 25% of that for conventional EC

Field Testing
• needed to validate technology in complex water matrices

• begins November 2022



18

Water Tectonics, Everett, WA

Project Lead: Jason Mothersbaugh, VP

• construct treatment system

• pilot test at field site

• design treatment system

• laboratory testing

• assist in pilot test at field site

University of Arizona, Tucson, AZ

Project Lead: James Farrell

Research Team: Jiale Xu (post-doc)

Tenzin Phakdon (PhD candidate)

Truc Vo (MS candidate)

Franklin Mountain Energy, Jal, NM

Project Lead: Mark Hinaman

• host field test

Appendix: 
Organization Chart



Appendix: Gantt Chart

Assigned Resources Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun

22 22 22 22 22 22 22 22 22 22 22 22 23 23 23 23 23 23

1.0 Project Management & Reporting Farrell / Mothersbaugh

1.1 Prepare Project Management Plan Farrell / Mothersbaugh

          1.1 Milestone Date = 2/25/20 completed
1.2 Prepare Technology Management Plan Farrell / Mothersbaugh

          1.2 Milestone Date  =  9/21/20 completed
1.3 Prepare Data Management Plan Farrell / Mothersbaugh

          1.3 Milestone Date = 4/20/20 completed
Prepare Continuation Application Farrell / Mothersbaugh DP

          Milestone Date = 2/28/2022 completed
1.4 Prepare Final Report & Dev Strategy Plan Farrell / Mothersbaugh

          1.4 Milestone Date = 6/30/23

2.0 Order Equipment & Construct Treatment System Farrell / Mothersbaugh

          2.0 Milestone Date = 12/3/2020 completed
3.0/4.0 Cell and Dosing System Testing UA PD#1 / UA PD#2

          3.0/4.0 Milestone Date = 11/30/21 completed
5.0 Test system performance on simulated FPW UA PD#1 / UA PD#2

          5.0 Milestone Date = 8/31/22 completed
6.1 Test system at FME Field Site Water Tectonics Team

          6.1 Milestone Date = 4/30/23 UA/Water Tectonics

7.0 Develop Design & Operations Manual Farrell / Mothersbaugh

          7.0 Milestone Date = 6/30/23 UA/Water Tectonics

DP= Decision Point

Task
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