
Energy & Environmental Research Center (EERC)

NORTH DAKOTA BRINE TREATMENT TECHNOLOGY 

DEVELOPMENT AND TEST BED FACILITY
BRINE EXTRACTION AND STORAGE TEST (BEST)

DE-FE0026160

U.S. Department of Energy National Energy Technology Laboratory

Water Technologies Project Review Meeting

September 17, 2020 – 1:30 p.m. ET

John Hamling

Assistant Director, Integrated Projects

© 2020 University of North Dakota Energy & Environmental Research Center.



Objectives:

• Validate efficacy of brine extraction as a means of active 
reservoir management (ARM) 

– Applications that can enable the implementation and 
improve the operability of industrial carbon capture and 
storage (CCS) projects.

– Manage injection performance and formation pressure.

– Model, predict, monitor, and validate movement of fluids 
and pressure.

– Provide data set to enable evaluation and design of 
ARM applications at compatible CCS sites. 

– Improve use and efficiency of geologic CO2 storage 
resources 

• Implement and operate a brine treatment technology 
development and test bed facility

– Enable development of brine treatment technologies 
capable of treating high-total dissolved solids (TDS) 
brines associated with geologic CO2 storage target.

Project Details:

• Phase II project: $21,323,604

– DOE Share: $17,103,044

– Cost Share: $4,220,560

♦ Schlumberger: $2,800,000

♦ CMG: $1,420,560

• Period of Performance: 

July 2016 – May 2022

PROGRAM OVERVIEW
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This material is based on work supported by the U.S. Department of Energy (DOE)
National Energy Technology Laboratory (NETL) under Award No. DE-FE0026160.



TWO COMPLEMENTARY COMPONENTS

Active Reservoir Management (ARM) Test 

• Reduce stress on sealing formation

• Geosteer injected fluids

• Divert pressure from potential leakage pathways

• Reduce area of review (AOR)

• Improve injectivity, capacity, and storage efficiency 

• Validate monitoring techniques and model 
performance 

Brine Treatment Test Bed

• Alternate source of water

• Reduced disposal volumes

• Salable products for beneficial use Illustration modified from Lawrence Livermore National 

Laboratory https://str.llnl.gov/Dec10/aines.html

https://str.llnl.gov/Dec10/aines.html


THE SITE



SUCCESS CRITERIA

Validate efficacy of ARM applications 

to industrial CO2 storage projects 

(though a field test).

Demonstrate the steps necessary to 

design and implement ARM for 

industrial CCS projects.

Enable development of water 

treatment technologies with 

application to treating high-TDS 

brines associated with geologic CO2

storage targets. 



Tailored Brine Compositions 

Up to 25 gpm 

(5000 to >300,000 mg/L total 

dissolved solids [TDS])

~ 200,000 mg/L TDS

~ 300,000 mg/L TDS < 1000 mg/L TDS

Alternate Water 

Source 

(trucked option)

Variable TDS

Enable development, pilot testing, and 

advancement of commercially viable 

extracted and produced water treatment 

technologies that can meaningfully reduce 

brine disposal volumes and provide an 

alternate source of water and/or salable 

products for beneficial use.

NORTH DAKOTA

BRINE TREATMENT TECHNOLOGY 

DEVELOPMENT AND TEST BED FACILITY





15 MILES EAST OF 

WATFORD CITY 
ON HIGHWAY 23



WATER TREATMENT 

DEMONSTRATION FACILITY 

• Permanent environmental enclosure (24/7/365 ready)

- 60’ x 80’ (18’ wall height)

- Air-handling and exchange

- Class I Division 2-rated

• 53’ demonstration bay with concrete floor 

• Two overhead doors

• Integrated with active reservoir management (ARM) and 

saltwater disposal (SWD) infrastructure

• Treatment rates up to 25 gpm (bench to pilot)

• Sized to accommodate up to a semi-tractor‒trailer-

sized demonstration

• 300 kW electric power

• Waste management 

• Propane (5000-gal tank)*

• Noncontact cooling water (30 gpm)*

* Can be accommodated.



EXTRACTED, PRODUCED, AND FRESHWATER SOURCE

BLENDING AND PRETREATMENT
Blending of water to a target 
TDS level of 180,000 mg/L 

… or tailored blends 

<5000 mg/L TDS

to 

>300,000 mg/L TDS 

to suit capabilities and/or 
limitations of selected 

technologies.

DAF GAC
Outlet of Pretreated Water

to Demonstration Bay

Blended Water

Bag Filters

• Suspended solids removal (dissolved air flotation 

[DAF]).

• Filter bags.

• Dissolved organics removal (granular activated carbon 

[GAC]).

• Facility can be adapted for use with alternate fluid 

compositions and treatment/pretreatment processes.



FACILITIES

BLENDING AND PRETREATMENT

SCADA, REMOTE MONITORING AND CONTROLS

Finished Water Supply for

Demonstrations
Water Blending and

Pretreatment

• Influent and effluent flow rates and composition

• Chemical usage

• Energy and thermal use/load

• HSE and operability systems (e.g., pretreatment 

systems, hazardous environmental monitoring…)

• Remote, real-time, secure access



MOBILE WORKSHOP

AND COMMAND CENTER 
MULTIUSE OFFICE, MEETING AND 

WORKSPACE 



• Seeking to develop and test two or more brine 

treatment technologies at the North Dakota brine 

treatment technology development and test bed 

facility. 

• Enable development of brine treatment technologies 

capable of treating high-TDS brines associated with 

geologic CO2 storage targets. (~180,000 mg/L TDS).

– Alternate source of water

– Reduced disposal volumes

– Salable products for beneficial use

• Cost offsets may be made available for highly 

qualified technologies.



TECHNOLOGY TESTING  
BRINE TREATMENT DEVELOPMENT FACLITY



• Selected technologies connected to the test bed 
facility – electric, instrumentation, (accommodations 
for propane and/or cooling water as necessary), 
with EERC assistance to ensure operability and 
HSE requirements are satisfied.

– Technology providers to provide operations 
staff, with assistance by EERC staff.

– Technology providers operate their technology 
under EERC supervision.

– EERC operates test bed facility to 
accommodate technology demonstration needs.

• During steady-state operation, EERC staff will 
conduct energy and material balances (power 
consumption, process flows, influent and effluent 
quality analyses).

• Extended operating periods (30 to 60 days), with 
consideration for operational and maintenance 
requirements.

• Effluent and treated water will be blended and 
reinjected where possible; streams unable to be 
reinjected will be disposed of at an authorized 
facility.

• Demobilization and reporting.

• Declaration of desire/intent to demonstrate. 

• Conversation with EERC technical 
representative.

• Technology questionnaire screening. 

• Technology selection. 

• Negotiate site access agreement and contracting 
for technology demonstration.

• Hazard and operability assessment.

• Scheduled demonstration and test conditions.

– Consideration for site operability and 
technology provider needs

– Preferentially scheduled to coincide with 
appropriate periods of Inyan Kara water 
extraction and/or other efficient operating 
windows when possible

• Prepare test bed and staffing schedule, receive 
consumables.

• Shake down pretreatment equipment prior to 
demonstration.

• Mobilization of technology to site.



Facility can be readily adapted for use with 

alternate fluid compositions or treatment 

processes.

• Alternate water sources trucked and offloaded 

at site. 

• Pretreatment and conditioning can be modified 

to replicate broader influent specifications.  

• Blending of additives to replicate target fluid 

chemistries.

• Application of cascade technologies (e.g., 

power/thermal supply, 

pretreatment/conditioning…).

• On-site SWD and waste handling.

NORTH DAKOTA BRINE TREATMENT FACILITY
POTENTIAL ADAPTATION FOR EXPANDED APPLICATIONS



• Oil and gas fluid conditioning (e.g., emulsion 
breaking, corrosion,  scale inhibitors, fluid 
compatibility testing, etc.) 

• Produced water treatment 

• Electric power generation wastewater treatment

• Industrial and municipal waste and water 
treatment 

• Mineral resource recovery

• Agricultural water treatment 

• Geologic conditioning and homogenization as a 
means of water pretreatment 

• Benchmarking the economic and technical limits 
of water treatment technologies (e.g., MVR)

• Collaboration with other federal, state, or industry 
groups 

NORTH DAKOTA BRINE TREATMENT FACILITY
POTENTIAL ADAPTATION FOR EXPANDED APPLICATIONS
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AND 

OUTREACH



This presentation was prepared as an account of work sponsored by an agency of the United States Government. 

Neither the United States Government, nor any agency thereof, nor any of their employees, makes any warranty, 

express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any 

information, apparatus, product, or process disclosed or represents that its use would not infringe privately owned 

rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, 

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by 

the United States Government or any agency thereof. The views and opinions of authors expressed herein do not 

necessarily state or reflect those of the United States Government or any agency thereof.

LEGAL NOTICE: This work was prepared by the Energy & Environmental Research Center (EERC), an agency of the 

University of North Dakota, as an account of work sponsored by the U.S. Department of Energy (DOE) National Energy 

Technology Laboratory. Because of the research nature of the work performed, neither the EERC nor any of its 

employees makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 

completeness, or usefulness of any information, apparatus, product, or process disclosed or represents that its use 

would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by 

trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement or 

recommendation by the EERC.

This material is based upon work supported by the U.S. Department of Energy (DOE)
National Energy Technology Laboratory (NETL) under Award No. DE-FE0026160.
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THANK YOU Critical Challenges. Practical Solutions.
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Implement and operate a brine treatment technology development and test facility to 

enable development of brine treatment technologies capable of treating high-total 

dissolved solids (TDS) brines associated with geologic CO2 storage targets.

NORTH DAKOTA

BRINE TREATMENT TECHNOLOGY 

DEVELOPMENT AND TEST BED FACILITY
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This material is based upon work supported by the U.S. Department of Energy (DOE)
National Energy Technology Laboratory (NETL) under Award No. DE-FE0026160.



THE SITE
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Utility Outlets 

(electric power, water, and propane*) 
Chiller

*

Pretreatment 

or Effluent 

Storage

Pretreated

Water

Supply

Outlet
Viewing and 

Control 

Room

Electrical 

Room

* Can be 

accommodate
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Example of Produced Water Chemistry 

[high-TDS blend source] 



Example of Inyan Kara Extracted Water Chemistry 

[medium-TDS blend source] 



APPENDIX



ORGANIZATION CHART



Gantt Chart, Deliverables, 

and Milestones


