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Short and Mid Term Demand & Risk for Critical Materials

Motivation: DOE 2023 Critical Materials Assessment

9/14/2024 32023 Critical Materials Assessment (energy.gov)

https://www.energy.gov/sites/default/files/2023-05/2023-critical-materials-assessment.pdf
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Critical mineral source potential from oil & gas produced 
waters in the United States

Critical mineral source potential from oil & gas produced waters in the United States
Kathryn H. Smith, Justin E. Mackey, Madison Wenzlick, Burt Thomas, Nicholas S. Siefert
Science of The Total Environment, Volume 929, 15 June 2024, 172573

     
        

Key finding: Lithium in US PW can meet 300% of current "USGS estimated" U.S. lithium demand

https://www.sciencedirect.com/science/article/abs/pii/S0048969724027190


Permian Basin and Marcellus Shale have largest resource potentials

Lithium Resource Assessment

9/14/2024 5
Critical mineral source potential from oil & gas produced waters in the United States, Kathryn H. Smith, Justin E. Mackey, Madison Wenzlick, Burt 
Thomas, Nicholas S. Siefert, Science of The Total Environment, Volume 929, 15 June 2024, 172573

Concentration of Li is ~10 times higher in Marcellus than Permian Basin

https://www.sciencedirect.com/science/article/abs/pii/S0048969724027190


Lithium Concentrations in Marcellus Shale

9/14/2024 6

PA DEP 26r Reports contain 
full compositional analysis 
of produced water. To be 
uploaded to EDX.

Estimates of lithium mass yields from produced water sourced from the Devonian-aged Marcellus Shale | 
Mackey et al. (nature.com)

Lithium geochemistry and regional 
production decline curves of 
Marcellus Shale produced water -
Submissions - EDX (doe.gov)

https://www.nature.com/articles/s41598-024-58887-x
https://www.nature.com/articles/s41598-024-58887-x
https://edx.netl.doe.gov/dataset/lithium-geochemistry-and-regional-production-decline-curves-of-marcellus-shale-produced-water
https://edx.netl.doe.gov/dataset/lithium-geochemistry-and-regional-production-decline-curves-of-marcellus-shale-produced-water
https://edx.netl.doe.gov/dataset/lithium-geochemistry-and-regional-production-decline-curves-of-marcellus-shale-produced-water
https://edx.netl.doe.gov/dataset/lithium-geochemistry-and-regional-production-decline-curves-of-marcellus-shale-produced-water


NATIONAL ENERGY WATER TREATMENT & SPECIATION (NEWTS)
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National Energy Water Treatment & Speciation Database

Leveraging NETL R&D Core Capabilities

Solution: Develop a Nationwide 
Energy Wastewater Data System

• Supplemented with thermodynamic & 

chemical modeling

• Includes waste streams such as:
• Oil & gas produced water

• Energy sector effluent (FGD, etc.)

• Acid mine drainage (OSMRE)

• Landfill leachate

• Brackish ground water

• And more

➢ Enables design of localized treatment

➢ Publicly Available Data hosted & 

displayed through NETL’s EDX®, and a 

custom visualization dashboard

Power Plant Effluent Streams

Abandoned Coal Mine Discharge

O&G 
Produced 

Water

Add water quality attributes 

using thermodynamic and 

aqueous chemistry modeling, 

and fill information across 

spatial and data gaps 

Enabling researchers & 

industry to tailor 

treatment steps to 

localized needs

Assess localized 
composition values, 
scaling potential, 
osmotic pressure, 
estimated flow rates, 
temporal information
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NEWTS Public Group on EDX

https://edx.netl.doe.gov/group/newts

➢ Original data as well as each step along 

NEWTS standard formatting for input into OLI 

& GWB

➢ Templates for direct input into OLI Studio & 

Geochemist’s WorkBench

➢ Case studies

➢ NEWTS Data Catalog

➢ Overview Video

➢ Training Videos

https://edx.netl.doe.gov/group/newts
https://youtu.be/h72I_2qrwyo
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NEWTS Federal Level Dashboard

Enables data 

visualization, 

exploration, 

and download

NEWTS Dashboard

Visualization tool for effluent streams from power plants and O&G produced water

NEWTS Dashboard Storymap

https://netl-doe.maps.arcgis.com/apps/dashboards/a5fa4192f7c6478dab3d6180d9c30b84
https://storymaps.arcgis.com/stories/02a7932dd5854bd09ee7f91ae0ee4ac6


11

Integrating Water Volume Data
• Acquired 5,096,329 well records (Enverus)

• Spatially aggregated 5,044,327 records to 

Hydrologic Unit Code 8 (HUC 8) 

subbasins (grey outlines on map)

• Reducing to HUC 2 values for CM level 

estimates

• Production data spatially compiled by well 

status (i.e., active, injecting, abandoned)

Data Source: Enverus

Total Water Production 
of Producing Wells

• Well count

• Cumulative production

• Water, Oil, Gas

• Vertical depth statistics

• Supports at-depth 
composition

• Temporal trends

• Producing months 
statistics

https://edx.netl.doe.gov/dataset/newts-well-summary-by-hydrologic-regions-subbasins
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Connecting NEWTS Dashboard to the Database
https://edx.netl.doe.gov/group/newts

https://edx.netl.doe.gov/group/newts
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Connecting NEWTS Dashboard to the Database
https://edx.netl.doe.gov/group/newts

https://edx.netl.doe.gov/group/newts


• To accurately model treatment and byproduct recovery costs for energy 
wastewaters, we need complete composition data. 

• CoDaRT (Composition Data Replacement Tool) was developed in python 
to predict missing constituents in a user’s water data set using machine 
learning techniques.

Machine Learning Approaches for Energy 
Wastewater Characterization

• The tool applies machine learning algorithms to replace 
missing data based on user preferences for options including 
algorithm type, number of features, and classification 
variables. 

• The tool can use the user’s data alone or combine user data 
with the NEWTS datasets

Constituent Data Replacement Tool - EDX (doe.gov)

https://edx.netl.doe.gov/dataset/codart


Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams

Machine Learning Approaches for Energy 
Wastewater Characterization
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Example data replacement performance for the NEWTS 
USGS Produced Water Databased for multiple feature 

options.

Preliminary Results

A graphical user interface model was built to allow users 
who are unfamiliar with python to use the tool. 

𝑅2 = 1 −
σ 𝑦𝑖 − ො𝑦𝑖

2

σ 𝑦𝑖 − ത𝑦 2

𝑦𝑖  = true value
ො𝑦𝑖  = predicted value
ത𝑦 = average value
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• ~850 Historical Produced Water samples 
from across the U.S.

• Cation compositions analyzed in 1960s 
are available at the NETL NEWTS group 
site on EDX
• Rittenhouse et al. Historical Archived Data

• UT Austin and UTEP have analyzed ~80 
samples for training AI/ML networks

UT Austin Archived Historical Produced Water Samples

Examples of intact samples with minimal or no water lossSamples stored at UT Austin, originally sampled around 1960

Rittenhouse et al. 1960s Historical Archived Produced Water Dataset - Submissions - EDX (doe.gov)

https://edx.netl.doe.gov/dataset/rittenhouse-et-al-1960s-historical-archived-produced-water-dataset


Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams

Task 2: Machine Learning Approaches for 
Energy Wastewater Characterization

Before data replacement After data replacement
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Importance of Modeling Results

Chemistry matters

Formation of mineral scales affects 
water treatment processes and water 
quality. The thermodynamic models 
accurately identify the scale tendency 
of wastewater
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Aqueous Chemistry Modeling: Case Studies

Using OLI Studio to evaluate scale tendency of FGD effluent from Roxboro plant

Input into OLI Studio

Output from OLI Studio
Becomes Input into 
OLI Flowsheet
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Integration with Modeling Software
Leveraging tools for filling data gaps & modeling treatment 

Integrating data streams with open source & 

commercial aqueous chemistry modeling 

software to:

• Provide high quality case studies for 

modeling

• Information on precipitates and speciation

• Provide thermodynamic context including 

pH, osmotic pressure, and activity 

coefficients, etc.

• Enable direct integration with treatment 

modeling software for ease of use

Software include:

• OLI Studio

• Geochemist’s Workbench

• DuPont Wave

• NAWI Water-Tap3

Case Studies publicly available on  EDX NEWTS Group
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Integration with Modeling Software
Leveraging tools for filling data gaps & modeling treatment 

Input Water QualityInput Water Stream

Case Studies publicly available on  EDX NEWTS Group
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• Textbook (online already), Class lecture slides and 
Homework (soon to be added)

• Site will host the material to conduct and share 
detailed thermodynamics analysis of  power plant 
design and/or water treatment

• Location to Share AspenPlus and OLI Flowsheet 
model and such as the OLI Flowsheet models

• Combined with NEWTS, makes seamless 
integration from water compositions to full 
thermodynamic analysis of  water treatment design 

PowerShare: Energy System Modeling  EDX Group

Thermal & Electrochemical Power Plant Design and Cost Estimation, Siefert (2023)

Power Share: Energy System Modeling - Groups - EDX (doe.gov)

https://edx.netl.doe.gov/group/power-share-energy-system-modeling


NETL
RESOURCES

VISIT US AT:  www.NETL.DOE.gov

@NationalEnergyTechnologyLaboratory

@NETL_DOE

@NETL_DOE

Burt.Thomas@netl.doe.gov
Nicholas.Siefert@NETL.DOE.GOV

mailto:Burt.Thomas@netl.doe.gov
mailto:Nicholas.Siefert@NETL.DOE.GOV
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• Energy process wastewater data are disparate, 
incomplete, and difficult to access

• Stored in unusable or disparate formats 

• Regulated by different federal and state agencies

• Existing datasets are not comprehensive for 
energy wastewater data: most data is still hidden 
behind regulatory agency doors

Water Data Challenges
Prior state of energy water data

These data are necessary to 
design treatment technologies 

and understand cross-industry 
wastewater re-use opportunities
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Addressing these challenges through:

1) Systematic data collection
• Set key words for data search & acquisition

• Investigating federal & state data sources

• Literature review

• Data catalog for metadata capture

2) Aqueous chemistry modeling of streams to 
supplement available data
• Ensure compatibility with chemistry modeling software

• Fill in missing data & supplement reported information

3) Presenting data through an online interactive 
data platform
• Visualization, interaction and access to data

Addressing Water Data Challenges
NEWTS Data Collection & Modeling Methods

Metadata

Data
Data 

Management

Aqueous 
Chemistry 
Modeling

Data 
Visualization & 

Sharing
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Example Processed Data

Raw data: one row per measurement
Processed data: 

• One column per stream

• Easy input into modeling software

• Easy charge balance calculation; data 

comparison; gap analysis

EPA FGD Effluent Dataset

EPA FGD Effluent data in NEWTS Template
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