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GEOLOGIC CO2 STORAGE
CONSIDERATIONS FOR COMMERCIAL PROJECTS

• Buoyant fluid
• Large volumes = large footprint
• Access to pore space

– Leasing, unitization/amalgamation, trespass 
• Regulatory compliance
• Assuring permanence for incentives or credits

– Conformance and storage efficiency

Because of a host of technical, social, regulatory, environmental, and economic factors, 
brine disposal tends to be more accessible and generally quicker, easier, and less costly to 

implement compared to dedicated CO2 storage. 



Brine extraction can enable dedicated CO2
storage and improve the geologic CO2

storage potential of a site.



TWO COMPLEMENTARY COMPONENTS

Active Reservoir Management (ARM) Test 
• Reduce stress on sealing formation
• Geosteer injected fluids
• Divert pressure from leakage pathways
• Reduce area of review (AOR)
• Improve injectivity, capacity, and storage efficiency 
• Validate monitoring techniques, and forecast 

model capabilities

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


ACTIVE WATER DISPOSAL 
SITE AS A PROXY FOR 

DEDICATED CO2
STORAGE



THE SITE





THE DESIGN (BALANCE)



BRINE TREATMENT TECHNOLOGY 
DEVELOPMENT AND TEST FACILITY

Enable development, 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.



BRINE TREATMENT 
DEVELOPMENT FACILITY 

• Permanent environmental enclosure 
• Demonstration bay with concrete floor 
• Integrated with ARM and SWD infrastructure
• Treatment rates up to 25 gpm (bench to pilot)
• Blending and pretreatment
• SCADA, energy/material and operability controls



ACCOMPLISHMENTS
ACTIVE RESERVOIR MANAGEMENT



• Drilling and completion (BEST-I1,BEST-E1)
• Tie in with SWD infrastructure 
• SCADA, HSE, and operability systems 

installed/tested; fixes and modifications 
incorporated; full integration and shakedown   

• Achieved target rate of 5000 bbl/day
• Site is fully operational 
• Updated performance models
• Updated and initiated field implementation 

plan (FIP)

ACCOMPLISHMENTS
ACTIVE RESERVOIR MANAGEMENT



• Pressure communication between 
the extraction well and two injection 
wells 
– Connectivity confirmed
– Measurable and significant response   
– Pressure buildup in reservoir due to 

injection  
– Brine extraction slows pressure 

buildup.

ACTIVE RESERVOIR MANAGEMENT
RESPONSE



ACCOMPLISHMENTS TO DATE
BRINE TREATMENT DEVELOPMENT FACLITY



ACCOMPLISHMENTS TO DATE
BRINE TREATMENT DEVELOPMENT FACLITY

• Design and build complete
• SCADA, HSE, and operability systems 

installed/tested; fixes and modifications  
incorporated; shakedown complete

• Facility is fully operational.  
• First demonstration completed 

– MVR, August 2019
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REGIONAL CHALLENGES
Technological:
• Very high salinity brines (100,000 to >300,000 mg/L TDS).
• Potential for fluid interactions, scaling, TENORM (technologically enhanced naturally 

occurring radioactive material) or biogenic gas in treated concentrate streams.

Logistical:
• Environmental conditions … Winter!

Economic:
• Geologic injection is cost-efficient and convenient.
• Freshwater is inexpensive and abundant. 
• Limited demand for brine treatment (ahead of market).



CHALLENGES
Maintain an up-to-date risk register, mitigate risks 

where prudent, incorporate flexibility where possible, 
robust designs and contingency plans, be adaptive 

as conditions change.

• Extracted fluid temperature
• Injection rates/volumes in offset wells.
• Lessons from peers

Results from ARM field tests carry far reaching 
benefits that can positively impact commercial CCS 

implementation.

Large field tests have elevated risks and challenges.   

Risk, cost, and objectives must be managed 
together.  
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Committed partners, strong relationships, and  
full roster of experts.

Design phase provides opportunity to develop 
robust design that incorporates flexibility. 

Communication is crucial.

Public/Private partnership is key



SYNERGY OPPORTUNITIES



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 
SYNERGY



• 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 APPLICATION



MAJOR
CONTRACTORS

PARTNERS 

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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INFORMATION 
AND 

OUTREACH
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SITE EVENTS
STAKEHOLDER  ENGAGEMENT  AND COMMISSIONING 
IEAGHG RISK AND MODELING NETWORK MEETING 



John A. Hamling
Assistant Director, Integrated Projects
jhamling@undeerc.org
701.777.5472 (phone)

Energy & Environmental 
Research Center
University of North Dakota
15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5000 (phone)
701.777.5181 (fax)

THANK YOU Critical Challenges. Practical Solutions.



DISCLAIMER

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.
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BENEFIT TO THE PROGRAM

This project is expected to result in the development of engineering strategies/approaches to 
quantitatively affect changes in differential formation pressure and to monitor, predict, and 
manage differential pressure plume movement in the subsurface for future CO2 saline storage 
projects. Additionally, the brine treatment technology evaluation is expected to provide valuable 
information on the ability to produce water for beneficial use. The results derived from 
implementation of the project will provide a significant contribution to the U.S. Department of 
Energy’s (DOE’s) Carbon Storage Program goals. Specifically, this project will support Goals 1 
and 2 by validating technologies that will improve reservoir storage efficiency, ensure 
containment effectiveness, and/or ensure storage permanence by controlling injected fluid 
plumes in a representative CO2 storage target. Geologic characterization of the target horizons 
will provide fundamental data to improve storage coefficients related to the respective 
depositional environments investigated, directly contributing to Goal 3. In addition, this project 
will support Goal 4 by producing information that will be useful for inclusion in DOE best 
practices manuals. 



PROJECT OVERVIEW
GOALS AND OBJECTIVES

• Confirm efficacy of ARM for commercial scale CCUS
– Managing injection performance and formation pressure
– Model, predict, monitor and validate movement of fluids and pressure
– Generate results that enable evaluation and adoption of concept at compatible CCUS sites. 

• Implement and operate a development facility for brine treatment technologies applicable to ARM 
for CCUS

Three development stages over 71 months
1. Site preparation and construction
2. Site operations for ARM and brine treatment technology testing and development 
3. Project closeout/decommissioning and data processing/reporting



Gantt Chart, Deliverables, 
and Milestones



ORGANIZATION CHART
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- Test bed operational
June 2019

- ARM FIP Initiated
- Seeking technologies for 
testing at ND Brine 
Treatment Test Bed User 
Facility. 

- First technology selected 
and scheduled for testing

- Seek and schedule 
technologies for testing at 
ND Brine Treatment Test 
Bed User Facility.

- Preferred operations in 
spring, summer, or fall

- Update and continue ARM 
FIP, data collection, and 
interpretation 

- Operations currently 
planned through 
September 2021

- Generate results that 
enable evaluation and 
adoption of concept at 
compatible CCUS sites 

2019 2020 2021

North Dakota Brine Treatment Facility and ARM Test Operating Time Frame
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