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Horizontal Drilling

Hydraulic Fracturing

Shale Acidization

Waste handling and disposal
(Underground injection wells and recycling)

What is unconventional oil and gas extraction?
Retrieval of gas and oil from 
low permeability formations



Unconventional vs. Conventional
Unconventional…

– Higher volumes of water use
– Lower productivity of gas wells (e.g. 

5 years vs 20 years)
– Greater concern over well integrity 

due to higher volumes of fluids
– Greater concern over spills because 

of high volume waste handling
– Higher transportation costs of large 

water/waste volumes Photo: Croft Production Systems



http://www.geologypage.com/2016/05/hydraulic-fracturing.html

What is Hydraulic Fracturing?



Where is this occurring?



Environmental Concerns
• Atmospheric pollution; greenhouse gases; 

climate change
• Emissions from waste storage, heavy 

equipment, processing and transport, and 
shale gas (leaks)

• Pollution of surface and groundwater; toxic 
substances; waste handling; water usage

• Withdrawal of land resources; industrial sites; 
changes in landscapes; soil quality

• Seismic activity; waste disposal/ recycling/ 
reuse



Environmental Monitoring



Produced Water Analysis

Water 2015, 7, 1568-1579.



Produced Water
Analysis

1.Bulk properties
2.Organics
3.Inorganics
4.NORM
5.Biological

Liden, T.; Santos, I.C.; Hildenbrand, Z.L.;* Schug, K.A.* Chapter 9: Analytical 
Methods for the Comprehensive Characterization of Produced Water, in 
Ahuja, A. (Ed.), Evaluating Water Quality to Prevent Future Disasters. 
Separation Science and Technology, Vol. 11. Elsevier. 2019. Pp 199-217.





PW Treatment Options

Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.



PW Treatment Options

Liden, T., Clark, B.G., Hildenbrand, Z.L., Schug, K.A., 2017. Unconventional oil and gas production: waste management and the water cycle. In: 
Schug, K.A., Hildenbrand, Z.L. (Eds.), Environmental Issues Concerning Hydraulic Fracturing. vol. 1. APMP. Academic Press, UK: pp. 17–45.

Saltwater disposal (SWD)



PW Treatment Options

Scanlon et al. Environ. Sci. Technol. 
2017, 51, 10903-10912

Saltwater disposal (SWD)



PW Treatment Options

1. Removal of organics, incl. oil and grease
2. Solids removal; suspended particles and sand
3. Disinfection
4. Dissolved gas removal, if needed (H2S)
5. Softening; reduce hardness/scaling
6. Removal of NORM
7. Desalination

• Cost, Throughput, Performance
• Beware of industry stigma!



Treatment Performance for Reuse
Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.



PW Treatment Options

1. Removal of organics, incl. oil and grease
2. Solids removal; suspended particles and sand
3. Disinfection
4. Dissolved gas removal, if needed (H2S)
5. Softening; reduce hardness/scaling
6. Removal of NORM
7. Desalination

Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.

• Gravity
• Holding tanks
• Hydrocyclones
• Floatation tanks
• Activated carbon and 

other media
• Bioremediation



PW Treatment Options
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2. Solids removal; suspended particles and sand
3. Disinfection
4. Dissolved gas removal, if needed (H2S)
5. Softening; reduce hardness/scaling
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Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.

• TSS vs. TDS
• TSS, filter @ 1 – 2 µm
• Coagulation
• Flocculation
• Gravity separation
• Filtration



PW Treatment Options
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2. Solids removal; suspended particles and sand
3. Disinfection
4. Dissolved gas removal, if needed (H2S)
5. Softening; reduce hardness/scaling
6. Removal of NORM
7. Desalination

Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.

• Aeration
• Biocides
• Chlorination
• Filtration
• Ozonation/UV
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Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.

• Chemical scavengers
• Flaring
• Venting
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• Precipitation
• Zeolite and bentonite 

media



PW Treatment Options

1. Removal of organics, incl. oil and grease
2. Solids removal; suspended particles and sand
3. Disinfection
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Liden et al. Sci. Tot. Environ. 2018, 643, 107-118.

• Distillation (many)
• Membrane 

processing (many)



A Case Study
Modular Portable Multi-modal 
Treatment Process (15,000 bbls/d)
1. Oil and Waste Water Separation
2. Ozone Pre-Treatment
3. Solids Filtration
4. Media Filtration
5. UV Treatment

Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.

10# 
brine



Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.



Variations in Organic Composition 

Raw produced water by GC-MS

X1000

X10

Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.



Bulk Properties

Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.



Metals of Concern

Crosslinker
efficiency

Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.



Organics

Sub-ppm concentrations

Hildenbrand et al. Sci. Tot. Environ. 2018, 634, 1519-1529.



Forward Osmosis (FO)

8-12 % Salinity ≥ 26 % Salinity

• Osmotic pressure is primary driving force
• Recover water and decrease waste volume
• Requires further desalination
• Less energy intensive than:

• Membrane distillation
• Mechanical vapor compression
• Reverse osmosis (RO)

• RO limited to <40,000 mg/L (~seawater) TDS
• Permian PW is 2 – 3.5x higher



Forward Osmosis (FO)

8-12 % Salinity ≥ 26 % Salinity

Liden et al. Sci. Tot. Environ. 2019, 653, 82-90.
Liden et al. Sci. Tot. Environ. 2019, 675, 73-80.
Liden et al. Water 2019, 11, 1437.



Forward Osmosis (FO)

Liden et al. Sci. Tot. Environ. 2019, 653, 82-90.

Demonstrated use for treatment of 
Permian Basin PW for short periods



Forward Osmosis (FO)
Active Layer to Draw Solution (ALDS)

Active Layer to Feed Solution (ALFS)

Liden et al. Sci. Tot. Environ. 2019, 675, 73-80.



Flux, Fouling/Scaling

Clean

SEM of membrane surfaces

Active Layer to Draw Solution 
(ALDS)

Active Layer to Feed Solution 
(ALFS)

Consistent recovery of 0.5 initial 
flux with daily membrane washing 
for ~10 d using ALFS

Liden et al. Water 2019, 11, 1437.



Oil-Wetted Solids

TGA of oil-wetted solids

Liden et al. Water 2019, 11, 1437.



Forward Osmosis (FO)

• Low energy consumption
• Effective for concentrating high TDS PW
• Susceptible to scaling and fouling
• Scaling solved with periodic washing
• Fouling still a problem
• Pre-treatment needed for long-term field 

use
• Optimized washing protocol for long-term 

field use
• Ultimately, borders on too $$$ with need for 

pre-treatment



Future Directions
Develop and test new technologies 
and best management practices for 
unconventional oil and gas extraction

Waste handling/processing
Gas flaring

Expand methodologies for evaluating 
water, soil, air, and wastewater quality

Outreach, building awareness, and 
promoting environmental sustainability 
in the energy sector.





Thank You!
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