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ENVIRONMENTAL TOPIC:

Best management practices and beneficial reuse of industrial wastewater from various sources.

PROJECT TITLE:

Management of Brines, Brackish and Produced Water for Beneficial End Use

PROBLEM STATEMENT:

Water shortages and problems related to increasing demands for water rank front and center as environmental
challenges of our time, shaping everything from public health to economic stability. Future economic
development and environmental preservation require innovative technical approaches for water resource
management and beneficial reuse. With technological advances in water treatment technologies, industrial
sources of contaminated water once considered unusable waste, as well as other sources of marginal quality
waters, could now provide additional sources of water for communities facing dire shortages. Major potential
sources of marginal quality waters include brackish and saline aquifers, produced water from oil and gas and
other industrial operations, and brine from solution mining, water treatment residuals, and cooling tower
blowdown water.

A prime example of marginal source water is produced water from oil and gas production. As of 2024,
operations in the Permian Basin area of New Mexico and Texas were producing up to 12 million barrels of
produced water per day, often at a ratio of 4 to 5 barrels of water for every barrel of oil extracted. Historically,
the cost of treating produced water typically outweighed the cost of disposal, and as a result, 91% of produced
water from oil and gas operations in the United States in 2012 was disposed of via underground injection or
reinjected for the purposes of enhanced oil recovery. The expansion of oil and gas production and the water
intensiveness of hydraulic fracturing methods have increased both the demand for new water supplies and the
generation of produced water. This combined with diminishing capacity for underground injection disposal
puts additional strain on the “Water-Energy Nexus” and creates an urgent need to identify alternative
approaches for management and reuse of produced water throughout the United States and across the globe.

Thanks to rapidly advancing technologies, produced water is now being examined by many states as a
complementary, non-freshwater resource that can be treated and directed to industrial, energy, and certain non-
potable uses to preserve limited potable water supplies. Treated (desalinated and polished) produced water is
also being considered for potential aquifer storage and recovery where it is injected into a usable supply of
drinking water for later recovery. Strong environmental safeguards and transparent permitting programs that
include monitoring and clear safe standards are needed to ensure the safety of end users. Various states are
currently codifying rules for treatment, management, and reuse of produced water into state law, including New
Mexico, Colorado, North Dakota, Oklahoma, Texas, Kansas, Arkansas, Louisiana, Montana, Pennsylvania, and
Ohio. Disparate regulatory standards, criteria, and management approaches across states highlight the need for
a comprehensive guidance document. For example, beneficial produced water reuse projects are regulated by
State government environment departments, various commissions, and/or special permitting sections,
depending on the state and the type of end use. Some existing state rules and regulations include:

- Colorado Energy and Carbon Management Commission HB-1242: mandates water conservation in oil
and gas operations by reducing freshwater use and increasing produced water recycling.

- Colorado Discharge Permit System (CDPS): regulates discharges to state waters via surface water quality
standards that create a functional prohibition of discharge of produced water; no operator in Colorado
currently has an active CDPS permit to discharge produced water to rivers, streams, or lakes.

- New Mexico Produced Water Act (2019): provides legal clarity and encourages the oil and gas industry
to recycle and treat wastewater rather than drawing on limited freshwater resources.

- New Mexico 2025 Discharge Ban: creates strict regulations (Ground and Surface Water Protection —
Supplemental Requirements for Water Reuse, 20.6.8 NMAC) prohibiting both treated and untreated
produced water from discharging into ground and surface waters.



https://ecmc.colorado.gov/

- North Dakota Administrative Code: allows for limited beneficial reuse of produced water, specifically for
dust and ice control on public roads, under strict approval, monitoring, and enforcement conditions.

- Pennsylvania General Permit WMGR123: authorizes beneficial reuse of oil and gas liquid waste
exclusively for developing or hydraulically fracturing oil or gas wells.

- New York Codes, Rules and Regulations (6 NYCRR): allows reuse of produced water both on-site and
off-site, provided it meets permitting approval or a beneficial use determination.

- Oklahoma Title 52 Sections 86.6 and 86.7, Oil and Gas Produced Water and Waste Recycling and Reuse
Act: allows recycling and reuse produced water within oil and gas and related industrial operations;
allows limited applications outside of oil and gas, with additional permitting and water quality and
discharge standard requirements.

- Ohio Administrative Code (OAC 1501:9) and Ohio Revised Code (ORC Chapter 1509): authorizes reuse
of produced water only within oil and gas operations, no other uses are allowed, including other industrial
applications.

- Texas HB 2771 (2019) and SB 1145 (2025): allow discharge of treated produced water into Texas surface
waters and land use applications, respectively, when treated to meet state standards.

- Virgina Administrative Code (4 VAC 25): allows on-site reuse for fracturing or reinjection through
permit packages; no separate permitting exists for off-site or alternative reuse methods.

Other sources of brine, brackish water, and industrial produced water represent vast resources that could be
used as additional complimentary sources of water across the country. Treatment and reuse of these waters also
pose economic pathways of remediating contaminated sites and groundwater supplies. Additionally, prospects
for critical mineral and element recovery from brine and produced water as well as the economic benefit to
communities that can establish treatment and reuse business sectors are now recognized.

Characterization and treatment of this water present complex chemistry and engineering problems since its
composition depends upon numerous factors including the original source and type of use, and the appropriate
levels and types of treatment vary greatly depending on the intended end-use. The United States Geological
Survey Oil and Gas Waters Project (OGW) aims to provide information regarding the quantity, quality, impact
and potential reuse options for brines and produced water. Building off the foundation of existing resources
such as the OGW, ITRC has the opportunity to produce comprehensive technical and regulatory guidance to
bring a better understanding of the characterization, treatment, reuse, and residuals management for brine,
brackish water, and industrial produced water.

A general outline of the proposed guidance is as follows:

» Introduction (glossary, overview of brine, brackish water, and industrial produced water, sources, past-
present-and-future of largest producing industries, conventional disposal methods)

» Current Regulatory Environment (compare existing regulations and status of water resources across
states with links to resources)

» Characterization Considerations (economic, risk assessment, and waste disposal considerations,
challenges with characterization, end-use based standards criteria)

» Potential Applications (post-treatment water: site specific risk-based options for reuse, levels of
treatment needed for intended end use, resource protection alternatives, waste stream: best management
practices, recirculation, deep well injection, industrial reuse, road deicing, mineral recovery)

» Technology Review (current state of characterization and treatment technologies, technical limitations,
emerging technologies, data gaps)

» Case Studies (highlighting regulatory and reuse success stories)




ADDITIONAL INFORMATION:

Project Deliverables: ITRC guidance document and online training webinar.
Team Timeline: 24 months.
Intended Audience: Industry professionals, the public, state and federal regulators.

Subject Matter Experts & ITRC Members that may be interested in joining:

e Jessica Hubbling, Water Resources Professional, Mining Environmental Compliance Section, New
Mexico Environment Department

e Shannon Suggs, Environmental Scientist, Division of Water Quality, Groundwater Protection Program,
North Dakota Department of Environmental Quality

e Bill Shafford, Technical Specialist, Office of Waste, Texas Commission on Environmental Quality

e Rich Murray, P.E, PFAS and Emerging Contaminants Coordinator, Colorado Department of Public
Health and Environment

e James Robinson, P.E., Underground Injection Control (UIC) Section, Texas Commission on
Environmental Quality

e David Cates, Land Protection Division, Waste Permitting Section, Oklahoma Dept. of Environmental
Quality

e Lei Hu, Lead Water Resources Professional, Pollution Prevention Section, New Mexico Environment
Department

e USGS Oil and Gas Waters Project potential contacts:

e Andrew L. Masterson, Ph.D., Research Chemist at the Geology, Energy & Minerals Science Center

e Seth Haines, Research Geophysicist at the Central Energy Resources Science Center

Contemporary Body of Research (organized by outline section)

> Introduction

Eyitayo, S. L., Watson, M. C., Kolawole, O., Xu, P., Bruant, R., & Henthorne, L. (2024). External utilization of
oil and gas produced water: Why is the industry hesitant to full-scale implementation? Environment,
Development and Sustainability, 26(1), 89—108. https://doi.org/10.1007/s10668-022-02746-0

Liu, C., Lowenstein, T. K., Wang, A., Zheng, C., & Yu, J. (2023). Brine: Genesis and sustainable resource
recovery worldwide. Annual Review of Environment and Resources, 48, 357-384.
https://doi.org/10.1146/annurev-environ-112621-085643

Scanlon, B. R., Reedy, R. C., Xu, P., Engle, M. A., Nicot, J. P., Yang, Q., & Ikonnikova, S. (2020). Can we
beneficially reuse produced water from oil and gas extraction in the United States? Science of the Total
Environment, 717, 137085.

Texas Produced Water Consortium (TxPWC). (2022). Beneficial Use of Produced Water in Texas: Challenges,
Opportunities, and the Path Forward. Report to the Texas Legislature. Texas Tech University, Lubbock, TX.

Texas Produced Water Consortium. (2024). Beneficial use of produced water in Texas: Report to the Texas
Legislature. Texas Tech University. https://www.depts.ttu.edu/research/tx-water-consortium/2024-report.php

» Regulatory Environment

Du, X., Dixon, D. K., Pohl, J., Salazar, L. C., Hightower, S., Herman, J. G., Hightower, M., & Xu, P. (2025).
Public perception of nontraditional water reuse in New Mexico: A focus on produced water from oil and gas
production. ACS ES&T Water, 5(2), 761-771. https://doi.org/10.102 1/acsestwater.4c00846

Delanka-Pedige, H. M. K., Zhang, Y., Young, R. B., Wang, H., Hu, L., Danforth, C., & Xu, P. (2023). Safe
reuse of treated produced water outside oil and gas fields? A review of current practices, challenges,
opportunities, and a risk-based pathway for produced water treatment and fit-for-purpose reuse. Current
Opinion in Chemical Engineering, 42, 100973. https://doi.org/10.1016/j.coche.2023.100973



https://doi.org/10.1007/s10668-022-02746-0
https://doi.org/10.1146/annurev-environ-112621-085643
https://www.depts.ttu.edu/research/tx-water-consortium/2024-report.php
https://doi.org/10.1021/acsestwater.4c00846
https://doi.org/10.1016/j.coche.2023.100973

Edirisooriya, E. M. N. T., Wang, H., Banerjee, S., Longley, K., Wright, W., Mizuno, W., & Xu, P. (2024).
Economic feasibility of developing alternative water supplies for agricultural irrigation. Current Opinion in
Chemical Engineering, 43, Article 100987. https://doi.org/10.1016/j.coche.2023.100987

Ground Water Protection Council. (2015, December 2). Produced water reuse in Oklahoma: Regulatory
considerations and references. https://oklahoma.gov/content/dam/ok/en/owrb/documents/water-

planning/pwwg/GWPC-Ok-Produced-Water-Project-Summary-Report.pdf

Jiang, W., Lin, L., Xu, X., Wang, H., & Xu, P. (2022). Analysis of regulatory framework for produced water
management and reuse in major oil- and gas-producing regions in the United States. Water, 14(14), 2162.
https://doi.org/10.3390/w14142162

New Hampshire Department of Environmental Services. (2020). Best management practices and salt-use
minimization efforts in chloride-impaired watersheds of New Hampshire [Fact sheet WMB-26].
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/wmb-26.pdf

New Mexico Environment Department. (2020, January 29). Implementation of the Produced Water Act:
Frequently asked questions (FAQs) [PDF]. https://www.env.nm.gov/air-quality/wp-
content/uploads/sites/16/2020/03/2020-1-29-WPD-PW-FAQs-Vol-1.-English-FINAL _date-corrected.pdf

New Mexico Environment Department & Office of the Governor. (2024). New Mexico 50-Year Water Action
Plan: Building a resilient water future. https://www.nm.gov/wp-content/uploads/2024/01/New-Mexico-50-
Year-WaterAction-Plan.pdf

North Dakota Department of Environmental Quality. (2019). Oilfield brine reuse guidance [PDF].
https://deq.nd.gov/Publications/WQ/5_ SP/QilFieldBrine 20191210 Final.pdf

WestWater Research. (2024, August 8). Water market trends in the Permian Basin [Report]. Texas Produced
Water Consortium. https://www.depts.ttu.edu/research/tx-water-consortium/Watermarkettrends.pdf

» Characterization

Hawrami, K., Eissa, B., Shahin, A., Hajiyev, E., Emadi, H., & Watson, M. (2026). A comprehensive evaluation
of produced-water reuse potential for cementing operations in the Delaware Basin. Clean Technologies, 8(2),
54. https://doi.org/10.3390/cleantechnol8020054

Hu, L., Jiang, W., Xu, X., Wang, H., Carroll, K. C., Xu, P., & Zhang, Y. (2022). Toxicological characterization
of produced water from the Permian Basin. Science of the Total Environment, 815, 152943.
https://doi.org/10.1016/j.scitotenv.2022.152943

Jiang, W., Lin, L., Xu, X., Cheng, X., Zhang, Y., Hall, R., & Xu, P. (2021). 4 critical review of analytical
methods for comprehensive characterization of produced water. Water, 13(2),183.
https://doi.org/10.1016/j.watres.2020.116477

Wijekoon, S., Tarazona, Y., Hightower, M., Wang, H., Xu, P., & Zhang, Y. (2025). Comprehensive
cytotoxicity assessment of treated produced water from thermal distillation using human cell lines.
Ecotoxicology and Environmental Safety, 302, Article 118726. https://doi.org/10.1016/j.ecoenv.2025.118726

Sanchez Rosario, R. A. (2024). Produced Water: Characterization and treatment (Doctoral dissertation,
University of Texas at El Paso). ScholarWorks@UTEP. https://scholarworks.utep.edu/open_etd/4148

Tarazona, Y., Hightower, M., Xu, P., & Zhang, Y. (2024). Treatment of produced water from the Permian
Basin: Chemical and toxicological characterization of the effluent from a pilot-scale low-temperature
distillation system. Journal of Water Process Engineering, 67, Article 106146.
https://doi.org/10.1016/].jwpe.2024.106146



https://doi.org/10.1016/j.coche.2023.100987
https://oklahoma.gov/content/dam/ok/en/owrb/documents/water-planning/pwwg/GWPC-Ok-Produced-Water-Project-Summary-Report.pdf
https://oklahoma.gov/content/dam/ok/en/owrb/documents/water-planning/pwwg/GWPC-Ok-Produced-Water-Project-Summary-Report.pdf
https://doi.org/10.3390/w14142162
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/wmb-26.pdf
https://www.env.nm.gov/air-quality/wp-content/uploads/sites/16/2020/03/2020-1-29-WPD-PW-FAQs-Vol-1.-English-FINAL_date-corrected.pdf
https://www.env.nm.gov/air-quality/wp-content/uploads/sites/16/2020/03/2020-1-29-WPD-PW-FAQs-Vol-1.-English-FINAL_date-corrected.pdf
https://www.nm.gov/wp-content/uploads/2024/01/New-Mexico-50-Year-WaterAction-Plan.pdf
https://www.nm.gov/wp-content/uploads/2024/01/New-Mexico-50-Year-WaterAction-Plan.pdf
https://deq.nd.gov/Publications/WQ/5_SP/OilFieldBrine_20191210_Final.pdf
https://www.depts.ttu.edu/research/tx-water-consortium/Watermarkettrends.pdf
https://doi.org/10.3390/cleantechnol8020054
https://doi.org/10.1016/j.scitotenv.2022.152943
https://doi.org/10.1016/j.watres.2020.116477
https://doi.org/10.1016/j.ecoenv.2025.118726
https://scholarworks.utep.edu/open_etd/4148
https://doi.org/10.1016/j.jwpe.2024.106146

Texas Produced Water Consortium (TxPWC). (2026). Produced Water Treatment Pilot Testing: Water Quality
Report. Texas Tech University, Lubbock, TX.

» Potential Applications

Ali, A. R. B, Shukla, M. K., Marsalis, M., & Khan, N. (2022). Irrigation with desalinated and raw produced
waters: Effects on soil properties, and germination and growth of five forages. Agricultural Water
Management, 274, 107966.

Bello, A.S., Zouari, N., Da'ana, D.A., Hahladakis, J.N., Al-Ghouti, M.A., 2021, An overview of brine
management: Emerging desalination technologies, life cycle assessment, and metal recovery methodologies,
Journal of Environmental Management, v. 288

Ghimire, B., Cooper, C., Jagadish, S. V. K., & Norris, A. (2026). Produced water from oil and gas operations
in agronomic and forage crop production: A review of implications, opportunities, and risks. Sustainability,
18(11), 5283. https://doi.org/10.3390/sul 8115283

Hu, L., Yu, J., Luo, H., Wang, H., Xu, P., & Zhang, Y. (2020). Simultaneous recovery of ammonium,
potassium and magnesium from produced water by struvite precipitation. Chemical Engineering Journal, 382,
123001. https://doi.org/10.1016/j.cej.2019.123001

Kondash, A., Redmon, J. H., & Vengosh, A. (2020). The impact of using low-saline oilfield produced water for
irrigation on water and soil quality in California. Science of the Total Environment, 733, Article 139392.
https://doi.org/10.1016/j.scitotenv.2020.139392

Lee, C., Ho, H., Chen, W., & lizuka, A. (2024). Total resource circulation of desalination brine: A review.
Advanced Sustainable Systems, 8(2), 2300374. https://doi.org/10.1002/adsu.202300374

Senanayake, P. S., Zhang, Y., Edirisooriya, E. M. N. T., Lopez, A. A., Smith, D., Xu, P., & Wang, H. (2025).
Plant growth, ion dynamics, and microbial communities in soils irrigated with treated produced water for
sustainable agriculture. Science of the Total Environment, 1001, Article 180520.
https://doi.org/10.1016/].scitotenv.2025.180520

U.S. Department of Agriculture, National Institute of Food and Agriculture. (n.d.). Oilfield-produced water as
alternative source for agricultural irrigation: Impact on soil and crop health (Project No. 1025233). CRIS.
https://training-portal.nifa.usda.gov/web/crisprojectpages/1025233-oilfield-produced-water-as-alternative-
source-for-agricultural-irrigation-impact-on-soil-and-crop-health.html

Wiltse, M. E., Ballenger, B., Stewart, C. B., Blewett, T. A., Wadler, C., Roth, H. K., Borch, T. (2025). Oil and
gas produced water for cattle, crops, and surface water discharge: Evaluation of chemistry, toxicity, and
economics. Journal of Hazardous Materials, 494, Article 138581.
https://doi.org/10.1016/j.jhazmat.2025.138581

» Technology Review

Amakiri, K.T., Canon, A.R., Molinari, M., Angelis-Dimakis, A., 2022, Review of oilfield produced water
treatment technologies, Chemosphere, v. 298

Chen, L., Wang, H., & Xu, P. (2022). Photocatalytic membrane reactors for produced water treatment and
reuse: Fundamentals, affecting factors, rational design, and evaluation metrics. Journal of hazardous materials,
424, 127493. https://doi.org/10.1016/j.jhazmat.2021.127493

Edirisooriya, E. M. N. T., Lopez, A., Smith, D., Senanayake, P. S., Zhang, Y., Delanka-Pedige, H. M. K., Xu,
P., & Wang, H. (2026). Separation performance in pilot-scale fractional freeze desalination and reverse osmosis
for produced water reuse. Desalination, 622, Article 119743, https://doi.org/10.1016/j.desal.2025.119743



https://doi.org/10.3390/su18115283
https://doi.org/10.1016/j.cej.2019.123001
https://doi.org/10.1016/j.scitotenv.2020.139392
https://doi.org/10.1002/adsu.202300374
https://doi.org/10.1016/j.scitotenv.2025.180520
https://training-portal.nifa.usda.gov/web/crisprojectpages/1025233-oilfield-produced-water-as-alternative-source-for-agricultural-irrigation-impact-on-soil-and-crop-health.html
https://training-portal.nifa.usda.gov/web/crisprojectpages/1025233-oilfield-produced-water-as-alternative-source-for-agricultural-irrigation-impact-on-soil-and-crop-health.html
https://doi.org/10.1016/j.jhazmat.2025.138581
https://doi.org/10.1016/j.jhazmat.2021.127493
https://doi.org/10.1016/j.desal.2025.119743

He, Y., Li, X., Li, T., Srinivasakannan, C., Li, S., Yin, S., & Zhang, L. (2023). Research progress on removal
methods of CI” from industrial wastewater. Journal of Environmental Chemical Engineering, 11(1), 109163.
https://doi.org/10.1016/].jece.2022.109163

Korak, J. A., Mungan, A. L., & Watts, L. T. (2023). Critical review of waste brine management strategies for
drinking water treatment using strong base ion exchange. Journal of Hazardous Materials, 441, 129473.
https://doi.org/10.1016/j.jhazmat.2022.129473

Nallakukkala, S., & Lal, B. (2021). Seawater and produced water treatment via gas hydrate. Journal of
Environmental Chemical Engineering, 9(2), 105053. https://doi.org/10.1016/j.jece.2021.105053

Tarazona, Y., Alexander, J., Hightower, M., Delanka-Pedige, H. M. K., Wang, H., Xu, P., & Zhang, Y. (2026).
Advancing produced water quality via integrated mechanical vapor recompression: Chemical and toxicological
characterization, hazard identification and mitigation. Journal of Hazardous Materials, 511, Article 142274.
https://doi.org/10.1016/j.jhazmat.2026.142274

Senanayake, P., Ranasinghe, T., Edirisooriay, E. M. N. T., Casas, J., Bounds, K., Unrau, C., Boysen, R.,
Chellam, S., Henthorne, L., Wang, H., & Xu, P. (2026). Scaling dynamics in low-salt-rejection reverse osmosis
for high-salinity produced water desalination: Mechanistic modeling and membrane autopsy. Desalination,
630, https://doi.org/10.1016/j.desal.2026.120123

Shah, K. M., Billinge, I. H., Chen, X., Fan, H., Huang, Y., Winton, R. K., & Yip, N. Y. (2022). Drivers,
challenges, and emerging technologies for desalination of high-salinity brines: A critical review. Desalination,
538, 115867. https://doi.org/10.1016/j.desal.2022.115867

Tarazona, Y., Wang, H. B., Hightower, M., Xu, P., & Zhang, Y. (2024). Benchmarking produced water
treatment strategies for non-toxic effluents: Integrating thermal distillation with granular activated carbon and
zeolite post-treatment. Journal of Hazardous Materials, 478, 135549.
https://doi.org/10.1016/j.jhazmat.2024.135549



https://doi.org/10.1016/j.jece.2022.109163
https://doi.org/10.1016/j.jhazmat.2022.129473
https://doi.org/10.1016/j.jece.2021.105053
https://doi.org/10.1016/j.jhazmat.2026.142274
https://doi.org/10.1016/j.desal.2026.120123
https://doi.org/10.1016/j.desal.2022.115867
https://doi.org/10.1016/j.jhazmat.2024.135549



