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Abstract:

Rapid growth in U.S. unconventional oil and gas made energy more available and affordable globally, but
brought environmental concerns, especially related to water. We analyzed water-related sustainability of
energy extraction focusing on: (a) meeting rapidly rising water demand for hydraulic fracturing (HF), and
(b) managing rapidly growing volumes of water co-produced with oil and gas (produced water, PW). We
analyzed historical (2009-2017) HF water and PW volumes in ~73,000 wells and projected future water
volumes in major U.S. uncenventional oil (semiarid regions) and gas (humid regions) plays. Results show
a marked increase in HF water use, depleting groundwater in some semiarid regions (e.g. by <58 ft [18‘
m]/yr in Eagle Ford). PW from oil reservoirs (e.g. Permian) is ~15x higher than that from gas reservoirs
(Marcellus). Water issues related to both HF water demand and PW supplies may be partially mitigated
by closing the loop through reusing PW for HF of new wells. However, projected PW volumes exceed HF
water demand in semiarid Bakken (2.1x) and Permian Midland (1.3x) and Delaware (3.7x) oil plays, with
the Delaware accounting for ~50% of projected U.S. oil production. Therefore, water issues could
constrain future energy production, particularly in semiarid oil plays.
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Highlights

* Irrigation demand exceeds produced water
(PW) volumes by 5x 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
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What is the potential for reusing produced water within
and outside the energy sector based on historical data”?

What is the poten

and outside the ener N projections?




Work Flow

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

Historical Trends Future Projections Impacts

* PW management

« HF water » * Play lifetime HF, PW * Water scarcity

* Produced water * 2018-2050 Outlook * GW depletion

Mitigation
PW reuse for HF

Scanlon et al., ES&T, 2020



2009-2017 Billion gallons
1 billion gal = 3.785 billion liters
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Permian Basin
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Total Water Use for Hydraulic Fracturing by Play
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Total Lateral Length Drilled
= 4 x Earth’s circumference
30

HF water use/foot of lateral
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Water Use for Hydraulic Fracturing as a % of Total Water Use in the Play

Fayetteville

Haynesville

Barnett HF WU as % of TWU

mHF WU

Marcellus
Niobrara
Bakken
Eagle Ford

Permian

0 10 20 30 40 50 60
HF WU (10° gal) or % of TWU
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. Scanlon et al., ES&T, 2020



No. water supply wells for HF

Number of Water Wells Drilled to Supply Water for
Hydraulic Fracturing
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Total: 8,500 wells in the Permian; 2,500 wells in the Eagle Ford
Scanlon et al., ES&T, 2020



Produced water from oil plays
generally much higher than that
from gas plays

PW in the Permian in 2017 = 50x
PW in the Marcellus

Produced Water ‘
2009-2017 billion gallons
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Produced Water Volume in Plays ~ Decline Curves for Produced

Water
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PW volume /M 30 times in Permian Basin (2011 -2017)  Need to keep drilling wells to maintain
Oil plays produce much more water than gas plays production Scanlon et al., ES&T, 2020



Produced water is mostly managed using Saltwater Disposal Wells
Bakken Marcellus/Utica
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Induced seismicity highest in
Oklahoma attributed to deeper
disposal and larger volumes
relative to Bakken, Permian, and
Eagle Ford

- EagleFord
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Earthquake Events > Magnitude 2 (monthly data;
USGS Source)
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Managing Basin-Scale Fluid Budgets to Reduce
Injection-Induced Seismicity from the Recent
U.S. Shale 0il Revolution

by Bridget R. Scanlon, Matthew B. Weingarten, Kyle E. Murray, and

Robert C. Reedy

ABSTRACT

With the US. unconventional ol revlurion, adwrse impacs
from subsurface disposal of coproduced warer, such 3 induced
seismiciry, have markedly increased, particularly in Okbhoma.
Here, we adopr 2 new, more halistic analysis by linking produced
water (PW) volumes, disposal, and scismicity in all mjor US.
uncomentional ail plays (Bakken, Eagle Ford and Permian
plays, and Oklahoma) and provide guidance for longwcrm
maragement Resulis show thar monthly PW injection volumes
doubled acrass the plays sinee 2009. We shaw that the shilf in
PW disposal © nonproducing geologic zones refared 1o low-
permesbiliry unconventianal rescrvairs is a fandamencal driver
of induced semicity. We smtisticlly asocate seismicity in
Okbhoma ro (1) PW ineaion mies (2) cumubiive PW vk
umes, and (3) proximity to basement with updated dara chrough
2017. The major difference between intensive seismicity in
Oklahomaversus low scismiciry levels in the Bakken, Eagke Ford,
and Permian Basin plays is acwibuted to proximity to basement
with decp injection near bascment in Oklahama rdarive o shal-
lowsr injection distant from bascment in ather plays. Dircaives
ta mitigare Oklahoma scismicicy are consisrent with our find-
ings: reducing (1) PW injection races and (2) regional injection
volumes by 40% relacive to the 2014 roral in wells nar the
basement, which resulied in 2 70% reduction in the number
of M = A0 carthquakes in 2017 relaive w the 2015 peak scis-
micity. Undersmnding linkages beoween PW management and
scismiciy allaws us to develop a pordfolio of swatgies o reduce
furure adverse impacrs of PW management, inchiding reuse of
PW for hydrmulic fracruring in the ail and gas soccor.

of the phys oil, gs, poduced-warer volumes, and manage-
mentof produced warer wing slovarer disposal and enhanced
ol recavery.

INTRODUCTION

The United Starss has been the global leader in cil production
since 2013, exceading production in Saudi Ambia (LS. Encrgy
Informarion Administration [EIA], 2018a). The marked
increasc in US. oil poducton is armibured © rechnalogy
advances, primarily hydraulic fracturing (HF) and horizontal
drilling of wells up to 2-3 milss long (~3-5 km). These
adhancss allow oil to be extracred from low-pemneabilicy source
rocks (cg. shaks, tight sands, or carbonaws) or through
dewatcring of il rescrvairs, as in Oklahoma (Murray, 2013;
Scanlon e at, 2016, 2017). Oil production from shales and
right rocks accountad for abour half of the US. producrion
in 2017, grady snhancing US. eergy securiry (US, EL&,
2018a). Shalcs and right mcks arc generally referred o s un-
conventional or coninuous (arcally errensive) reservoirs thac
require HF and harizontal wells m cxract oil (Schenk and Pal-
lastra, 2002). These unconventional reservairs cantrast with
traditional higher permeability conventional reservairs thar cin
be developed with vertical wells and withour hrge-water-
volume HE.

il walls also produce large volumes of warer, averaging
~10 barrels (bbl) of water per barrel of il in the Unied Stares
in 2012 (Val, 2015). Wacer copmduced with ail has been re-

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.
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, Little or no direct impact on oil well
extra casing) 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

ks TexNet-JpCISR Scanlon et al., Seism. Res. Lett., 2019




SWD= 8x HF water use  Bakken Potential for Reusing Produced Water
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PW to HF Ratios by Play
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Options for Managing Produced Water

Municipal
Use

Surface Water
Discharge

Irrigation Use

Industrial Use

Produced
Water

Groundwater Recharge




Irrigation = 5 x PW (UOG)
Irrlgatlon 50 x PW (CBM)
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Volume (10° gal/yr)

Permian Basin: Water Use relative to Other Sectors
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Produced water TDS
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PW treatment costs increase with higher salinity in PW and product water quality
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2. What is the potential for reusing produced water for
hydraulic fracturing based on projections?
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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.

Remaining Drillable

volume of reservoirs
Total drillable length/well

+ =) inventory

Volume required per
future well

Plays: Permian Delaware (Wolfcamp [WC] A & B), Permian Midland (WC A &

B), Eagle Ford, Bakken, and Marcellus.
Scale: 1 square mile.




Historical and Projected Drilling Density at grid scale

20072019 total | Projected lotal |
length (10° fmi) length {107 fmi?)

0 0
[ <50 [ <50

150-100 '50-100

100 - 150 100 - 160

150 - 200 150 - 200
1200 - 260 1200 - 250
[ 250 - 300 [ 250 - 300
. -300 [ 300 - 400

Scanlon et al., ES&T, 2020



Pro;ectmns based on Bakken 68,700 wells Projected Totals — Bgal
Techmcally Recoverable N
Resource develobment

Delaware Basin;j e
207,000 wells

|dland Basm

1 000 wélls () Hydraulic
' Fracturing

(E?gle F {d.;losgpnowe\!ls

Permian: = 4,700 Bgal
= ~14 maf : B
= TX total water use in 2012 e Scanlon et al.,, ES&T, 2020
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| . Basin [
192,000 wells % 106,000we||s

() Produced
Water

Permian Basin: PW, 40 Méf
= 3x TX total water use in 2017

Scanlon et al., ES&T, 2020
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Projected Produced Water at Grid Scale

N .
PW EUR (mgal)
0
1 <250

Scanlon et al., ES&T, 2020



Ratio of Produced Water to Hydraulic Fracturing Water
Demand

Scanlon et al., ES&T, 2020



or HF? Bakken 69,000 wells Projected Tota"‘_ls,,.-,-_\_‘ Bgal
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() Hydraulic

Delaware Basin Fracturing
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¢105 000wells ) Produced
R . - Water

Scanlon et al., ES&T, 2020
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Can we reuse PV forHF?

D?B'na.:e CEHN

07,000 wells

Bakken 69,000 wells

Projected Totals — Bgal

 Marcellus
124, wells

() Hydraulic
Fracturing

() Produced
Water

Scanlon et al., ES&T, 2020
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Subsurface Water and Energy Laboratory (SWEL)

Mission

Establish an understanding of the water cycle in
all major U.S. unconventional plays developed
using hydraulic fracturing (HF) through multiscale
data and modeling, promote sustainable

water management while minimizing adverse
environmental impacts, and integrate water
management with energy development scenarios
through this proposed Subsurface Water and
Energy Laboratory (SWEL) research consortium.

Proposed

Water Consortium
at the Univ. TX
Bureau of
Economic Geology

Meeting Houston
Feb. 27 2020
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* Oil plays produce much more water than gas plays (Permian PW = 50 x
Marcellus PW in 2017)

* Potential issues with PW management (e.g. induced seismicity, disposal
capachy)

. Reusmg PW for HF of new weIIs should mltlgate' water issues in most”plays
. except Oklahom c > € N

. BenefluaTreuse in other water sectors, problems with wz r qual -\?,“'@Eonomics,

e

f and regulatlons ‘



Project Sponsors:

EXXON" Mobil @

W FOUNDATION

Alfred P. Sloan

FOUNDATION

THE UNIVERSITY OF TEXAS AT AUSTIN

JACKSON

SCHOOL OF GEOSCIENCES

Contact: Bridget Scanlon
Bridget.Scanlon@beg.utexas.edu



mailto:Bridget.Scanlon@beg.utexas.edu
http://cgmf.org/p/home.html

	Evaluation of Produced Water Reuse within and outside the Energy Sector
	Slide Number 2
	Slide Number 3
	Slide Number 4
	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 
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Total Water Use for Hydraulic Fracturing by Play 
	Total Lateral Length Drilled�= 4 x Earth’s circumference
	Water Use for Hydraulic Fracturing as a % of Total Water Use in the Play
	Number of Water Wells Drilled to Supply Water for Hydraulic Fracturing
	Slide Number 16
	Slide Number 17
	Produced water is mostly managed using Saltwater Disposal Wells 
	Slide Number 19
	UT-BEG��TexNet/CISR��Center for �Integrated�Seismic Research��Recent study:�EQs related to HF in Delaware Basin
	Earthquake Events ≥ Magnitude 2 (monthly data; USGS Source)
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Temporal Variations in PW to HF Ratios by Play
	Options for Managing Produced Water
	Slide Number 27
	Permian Basin: Water Use relative to Other Sectors
	Produced Water Quality: Total Dissolved Solids
	Produced Water Quality��Wolfcamp Resevoir��~200 points
	Slide Number 31
	Slide Number 32
	Projections of water demand for HF and produced water
	Historical and Projected Drilling Density at grid scale
	Slide Number 35
	Slide Number 36
	Projected Produced Water at Grid Scale
	Ratio of Produced Water to Hydraulic Fracturing Water Demand
	Slide Number 39
	Slide Number 40
	Proposed �Water Consortium �at the Univ. TX �Bureau of �Economic Geology��Meeting Houston�Feb. 27 2020 
	Slide Number 42
	Slide Number 43

