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Highlights
• Irrigation demand exceeds produced water 

(PW) volumes by 5× in the U.S.
• PW volumes would not substantially 

alleviate overall water scarcity.

• PW quality is variable with salinity up to 7 that of seawater.
• Intensive treatment is required for PW use outside of energy.
• Knowledge gaps related to PW quality preclude reuse outside of energy.



U.S. ~20% of global total production in oil and gas
Unconventional production: 60% of U.S. oil and 70% of U.S. natural gas 
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Oil plays in
semiarid regions 

Gas plays in
humid regions 

Scanlon et al., ES&T, 2020



Basic Questions

1. What is the potential for reusing produced water within 
and outside the energy sector based on historical data? 

2. What is the potential for reusing produced water within 
and outside the energy sector based on projections? 



Data Types
• Geology, hydrology
• Reservoir data
• Well completions
• Production

Historical Trends 
• HF water 
• Produced water

Future Projections
• Play lifetime HF, PW
• 2018-2050 Outlook

Impacts
• Water scarcity
• GW depletion
• PW management

Mitigation 
PW reuse for HF

Work Flow 

Scanlon et al., ES&T, 2020
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Total Water Use for Hydraulic Fracturing by Play 

HF water use increased by ~ 10× in 
Permian Basin (2011 – 2017)

Scanlon et al., ES&T, 2020



Total Lateral Length Drilled
= 4 x Earth’s circumference

0

1

2

3

4

5

6

7

8

9

0

5

10

15

20

25

30

2009 2011 2013 2015 2017

To
ta

l l
at

er
al

 le
ng

th
 (1

06
m

)

To
ta

l l
at

er
al

 le
ng

th
 (1

06
ft

)

0

10

20

30

40

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

2009 2011 2013 2015 2017

HF
 w

at
er

 u
se

 (m
3 /

m
)

HF
 w

at
er

 u
se

 (1
00

0 
ga

l/f
t)

 

HF water use/foot of lateral

Lateral length drilled peaked in 2017 in Permian
and 2014 in many other plays

HF water use/length of lateral in Permian 
increased by 4× 2011 – 2017; ~300%

Scanlon et al., ES&T, 2020



Water Use for Hydraulic Fracturing as a % of Total Water Use in the Play

HF water use (maximum annual): 3% to 22% of total non-mining water use (TWU; USGS 2015).
HF water use in the Permian = 20% of water use in the play.  
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Number of Water Wells Drilled to Supply Water for 
Hydraulic Fracturing
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Produced water is mostly managed using Saltwater Disposal Wells 
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Oklahoma attributed to deeper 
disposal and larger volumes 
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UT-BEG

TexNet/CISR

Center for 
Integrated
Seismic Research

Recent study:
EQs related to HF in 
Delaware Basin

Lomax & Savvaidis, 2019



Earthquake Events ≥ Magnitude 2 (monthly data; 
USGS Source)
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Main Findings:

High levels of seismicity in Oklahoma 
related to deep disposal of 
wastewater near the crystalline 
basement

Much lower levels of seismicity in 
the Bakken, Eagle Ford and Permian 
Basin plays related to shallow 
disposal of wastewater. 

Depth of Water Disposal Affects Seismicity

Scanlon et al., Seism. Res. Lett., 2019



Shallow disposal Deep disposal
Could impact overlying aquifer Little or no impact on aquifers

Impact oil well drilling (over-pressuring, 
extra casing)

Little or no direct impact on oil well 
drilling

Can impact oil production Little direct impact on oil production

Less seismicity More seismicity

Under-pressured, high injectivity

Inexpensive, drill many Expensive, few wells, high rates

Reducing Tradeoffs Between Shallow and Deep Disposal 

Scanlon et al., Seism. Res. Lett., 2019
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Temporal Variations in PW to HF Ratios by Play
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Options for Managing Produced Water
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Permian Basin: Water Use relative to Other Sectors
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Produced Water Quality: Total Dissolved Solids

USGS Produced Waters Database
Literature



Produced 
Water Quality

Wolfcamp
Resevoir

~200 points

Wolfcamp Prod. Water TDS (g/L)
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Basic Questions

1. What is the potential for reusing produced water for 
hydraulic fracturing based on historical data? 

2. What is the potential for reusing produced water for 
hydraulic fracturing based on projections? 



Projections of water demand for HF and produced 
water
Projections based on Technically Recoverable Resource Development: all 
potential future wells could be drilled using current technology over the life of 
the plays. 

Plays: Permian Delaware (Wolfcamp [WC] A & B), Permian Midland (WC A & 
B), Eagle Ford, Bakken, and Marcellus. 
Scale: 1 square mile. 

Remaining Drillable 
volume of reservoirs

Volume required per 
future well

Total drillable length/well 
inventory



Historical and Projected Drilling Density at grid scale

Scanlon et al., ES&T, 2020



Bakken 68,700 wells
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Projected Produced Water at Grid Scale

Scanlon et al., ES&T, 2020



Ratio of Produced Water to Hydraulic Fracturing Water 
Demand

Scanlon et al., ES&T, 2020
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Proposed 
Water Consortium 
at the Univ. TX 
Bureau of 
Economic Geology

Meeting Houston
Feb. 27 2020 



Main Findings

Produced Water Management
• Oil plays produce much more water than gas plays (Permian PW = 50 ×

Marcellus PW in 2017)
• Potential issues with PW management (e.g. induced seismicity, disposal 

capacity)
Management strategies
• Reusing PW for HF of new wells should mitigate water issues in most plays, 

except Oklahoma or Delaware Basin where PW volume>>HF water demand
• Beneficial reuse in other water sectors, problems with water quality, economics,  

and regulations
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