WATER SECTOR ADAPTATIONS
FOR HYDRAULIC FRACTURING
IN TEXAS

MARIYA ABSAR
CLIMATE CHANGE SCIENCE INSTITUTE
OAK RIDGE NATIONAL LABORATORY

&

THE BREDESEN CENTER FOR =

INTERDISCIPLINARY RESEARCH AND

GRADATE EDUCATION 5.

UNIVERSITY OF TENNESSEE
KNOXVILLE

ADAPTATION FUTURES 2016
THEME: FRESH WATER AVAILABILITY UNDER
DROUGHT CONDITIONS AS A POTENTIAL DRIVER FOR
WATER CONFLICTS
10.05.2016

e UNIVERSITYof
TENNESSEE I

KNOXVILLE

INSTITUTE

Texas Groundwater Public Water Supplies - Groundwater
eservoir Index P

v R
5

wi
Percent ful
W <10 Exceptionally Low
[ 10to20  Exiremely Low ‘
[ ] 20toad Severely Low f\ L
[] antosn Mogerately Low
L1 &0to70 Abnormally Low %
BE 70 Hormalta High Y

1 No Canservation Storage

Legend

L] seymour po¥gon
] cgalBla pokgon

] hweco potygon

@ D oo
] edwards pokgon

[ cenozoic palygon

] carrzo potygon
[] tantty patygon

Major shaleGas  T'exas Water

Plays in Texas

_ _ - and Shale Gas
——i rett Msvulle
Reserves

1o 2
‘ﬁé,& Source: USGS

DROUGHT 2016
Public Water Supply
Systems A')lﬁcled

Footprint x Prospectivity

[701-02

[10.2-0.4

o04-06 )

0608 Trinity 2l e

Emos-1.0 Carrizo-Wilcox Source: Nicot & Scanlon (2012) d ST
meUNIVERSITYof CLIMATE CHANGE SCIENCE INSTITUTE

TEN N ESSEE Ur OAK RIDGE NATIONAL LABORATORY

KNOXVILLE

5/10/2016



Is Texas on the verge of water stress?

+ Since 2008, more than 17,000 oil and gas wells have been
drilled in the Barnett Shale (Nicot et al., 2014 ) and another
14,000 are predicted by 2030 (Browning at al,. 2013)

« A Barnett Shale well uses 4 million gallons of water in its
lifetime (EPA, 2011)

* The Barnett Shale is a “high” produced water generating play
with volumes of 500,000 to 600,000 gallons per well
generated in the first 10 days of fracking (EPA, 2011)

* 95% of produced water from fracking is injected into
underground salt water wells in the Barnett Shale (EPA, 2015)
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The Big Picture...

— Climate change is a potential threat to water resources:
» Uncertainty around rainfall intensity, duration, and frequency
* Increase in drought events as temperatures rise
* Increased water demand due to drier conditions
* Increased competition for water supply
* Increase in water withdrawal
* Decreased rate of recharge

— Key Message: Adaptation to water stress is a big driver of
future water resource reliability and sustainable practices
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Study Objectives

SimaProd

SimaPro 8 release

» Life-cycle assessment of shale gas
LCA Software for measuring sustainability impact.
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Life-Cycle Assessment & Indicators

— Life-Cycle Assessment (LCA) determines the environmental impacts
associated with a product or process through all stages of its life

* Includes raw material extraction, material processing, manufacturing,
distribution, use, repair and maintenance, and disposal or recycling

— Global Warming Potential (GWP) (kgCO2eqg/MJ) is an impact
category that calculates the total greenhouse gas emissions

* TRACI in SimaPro 8: the Tool for Reduction and Assessment of
Chemical and other environmental Impacts (EPA)

— Virtual Water Content (VWC) (L/MJ) is the water consumed in the
production process of a product
« Consumed water is the water evaporated during production, lost

underground, or embodied in a product
 Virtual Water Content = Total water input (L) minus total water consumed

(L) per MJ of gas produced
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Components of Life-Cycle Assessment
1. Goal definition and scoping:

— System Boundary: what is and is not included in the study

— Functional Unit: system function which serves as a bases for scenario
comparison

2. Life-Cycle Inventory (LCI): USLCI ::NREL in=n

— Quantification of the energy and raw material inputs and environmental

releases associated with each stage of production (calculated per
functional unit)

— Data Sources:

em‘nvgm
» Peer reviewed literature (Environmental Science &Technology)
» LCA Databases — U.S. Life Cycle Inventory Database & Ecoinvent3
Database (upstream processes)

3. Life-Cycle Impact Analysis (LCIA):

— Assessing the impacts on the environment associated with the quantified
energy and raw material inputs and environmental releases

4. Improvement Analysis:

— Evaluating opportunities to reduce energy, material inputs, or

environmental impacts at each stage of the product life-cycle
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Hydraulic Fracturing of Barnett Shale Gas
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Goal Definition & Scoping: System Boundary Schematic
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Functional Unit: 1 MJ of shale gas produced from a single well
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Life-Cycle Impact Analysis

Steel, cement, and fracturing fluid have the highest
carbon footprint in the system

— The overall water footprint of the process varies with the
choice of wastewater management selected

Wastewater treatment and disposal options:

* Deep well disposal (salt water disposal wells)
* Municipal water treatment

» Direct filtration and reuse of flowback water

+ Desalination (reverse osmosis)

— Socioeconomic storylines are a means for understanding
the future of energy-water nexus in the region,
particularly in fracking practices
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Nested Socioeconomic Storylines for Impact
Adaptation and Vulnerability (IAV) Studies

— Nested national and subnational socioeconomic
storylines for the U.S. using Shared Socioeconomic
Pathways (SSPs) (O’Neill et al., 2015) are published
* Absar, S. M., Preston, B. L. 2015. Extending the Shared

Socioeconomic Pathways for sub-national impacts, adaptation,
and vulnerability studies. Global Environmental Change, 33, 83-

96.

http://www.sciencedirect.com/science/article/pii/S0959378015000

564

— Wastewater management scenarios for the Barnett
Shale using the nested SSPs are developed with
information on drivers affecting future of energy and
water sectors of Texas
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Mapping SSPs to Scenarios in LCA

SELECTED PATHWAYS | WASTEWATER MANAGEMENT SCENARIOS IN
LCA OF SHALE GAS PRODUCTION

SSP1
Sustainability

SSP2
Middle of the Road

SSP3
Regional Rivalry

SSP5
Fossil Fueled
Development
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Carbon Neutral Desalination - A high percentage of water is
taken from recycled sources, and all of the produced water is
desalinated for reuse. The energy for transportation and
desalination is derived from wind farms in Texas.

Complete Underground Injection - Equal quantities of water
are taken from surface and groundwater for drilling and
fracking purposes whereas most of the produced water is
deep well injected.

Partial Desalination and Partial Injection — A significant share
of input water is derived from recycled sources, and the rest is
made up of equal parts from surface and groundwater for
drilling and fracking purposes. Roughly half the produced
water is deep well injected, while the rest is desalinated.

Complete Desalination and Reuse - A high percentage of
water is taken from recycled sources, and all of the produced
water is desalinated for reuse. Transportation uses diesel,
while desalination process sources energy from combined-
cycle power plants.
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Global Warming Potential & Virtual Water Trade off
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Energy-Water Nexus & Trade-offs

For 1 megajoule of shale gas extracted...

— A shift from business as usual to a carbon neutral
complete desalination scenario (SSP2 A SSP1)
reduces global warming potential by 5% and reduces
virtual water content by 79%

— A shift from business as usual to a conventional
complete desalination scenario (SSP2 A SSP5)
increases the global warming potential by 25% and
reduces virtual water content by 79%
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