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Wastewater production intensity

Billion barrels* of produced oil and gas wastewater

<10 million  10-100 100-500 500 million - 1-5 >5 billion
million million 1 billion billion




2018

« EPA HQ launches a study looking at state and
iIndustry interest in an expansion or modification
of federal effluent limitation guidelines for PW

« Permian Basin — bottlenecks, seismicity, capacity

* New Mexico and EPA enter joint-MOU on
produced water

* DOE launch of Water Security Grand Challenge
(2030):

#2. Transform the energy sector’s produced water from a
waste to a resource




What are the gaps?

DETECTION

We struggle with finding chemicals that
may be present in oil & gas
wastewater...

AWARENESS

....which means we don’t know exactly
which chemicals or what amounts may
be present because we can’t find what
we aren’t looking for...

Reinforcing gaps
Impact our ability
to identify and
manage risks

...which means we aren’t researching
who/what may come in contact with
those chemicals...

HAZARDS

...S0 we can’t determine whether
chemicals are present at dangerous
levels...

PROTECTION

...which means we don’t have the
information needed to treat or regulate
unsafe chemicals and advance
detection efforts....



EDF Science Partners

« Karl Linden, Mike Thurman, University of
Colorado/Boulder
— Biological treatment, chemical characterization
« Thomas Borch, Jens Blotevogal, J. Lucas
Argueso, Colorado State University
—  Toxicity bioassay, soil health study
* Motoko Mukai, Cornell University
— Toxicity bioassay (Zebrafish)
» Kartik Chandran, Columbia University

— Microbial characterization for biological
treatment

« Damian Helbling, Cornell University
— Chemical Characterization
* April Gu, Cornell University
— Toxicity bioassay
+ Chris Higgins, Colorado School of Mines

— Chemical characterization

Nancy Denslow, University of Florida
— Toxicity bioassay
Bryan Brooks, Baylor University

— Chemical characterization, toxicity identification
evaluation

Robert Tanguay, Oregon State University
—  Toxicity bioassay
Mark Engle, Aaron Jubb, USGS
— Chemical characterization (inorganic)
Joe Ryan, Colorado State University
— Database development/expansion
lvan Rusyn, Weihsueh Chiu, Texas A&M
— QSAR, toxicity profiling of database
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HIGHLIGHTS

« Horizontal drilling and hydraulic frac-

turing generate flowback and produced

water (FPW).

FPW toxicity and microbiota were char-

acterized for 220 days in the Denver—

Julesburg Basin,

Temporal trends were similar between

FPW toxicity and microbial communi-

ties.

« Fracking conditions are toxic and selec-
tive with long term ecological & indus-
trial impacts.
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fluids.

Liquid chromatography/mass spectrometry (LC/MS) has
been the most effective instrumentation for analysis of
wastewater associated with hydraulic fracturing, while gas
chromatography/mass spectrometry (GC/MS) is the most

< ACS Publications — © 2018 American Chemical Society

Even in states that require
disclosure, aperators use vague terms and claim some additives
as proprietary, listing only a general description or purpose. To
date, the identity of these proprietary chemicals is largely
unknown. Therefore, having appropriate analytical methods
available that are capable of detecting and identifying
proprietary compounds from hydraulic fracturing fluid is a
critical tool in environmental monitoring, and is one of the
challenges for the analytical chemistry of hydraulic fracturing
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Degradation of polyethylene glycols and polypropylene glycols in microcosms simulating a
spill of produced water in shallow groundwater
Jessica D. Rogers'?2, E. Michael Thurman', Imma Ferrer', James S. Rosenblum',
Morgan V. Evans?®, Paula J. Mouser**, and Joseph N. Ryan'*
' Department of Civil, Environmental and Architectural Engineering
University of Colorado Boulder, Boulder, CO 80309
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The Ohio State University, Columbus, OH 43210
4 Department of Civil and Environmental Engineering
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* Corresponding author, phone: (303)492-0772; e-mail: joseph.ryanf@colorado.edu

ENVIRONMENTAL SIGNIFICANCE STATEMENT

Given the frequency of surface spills of produced fluids from unconventional oil and gas
operations, there is a need to better characterize resulting groundwater contamination. Produced
fluids are known have complex and variable chemical and microbial composition that could
influence contaminant fate and transport in groundwater; however, studies on the behavior of
compounds measured in produced water under environmentally-relevant conditions are limited.
This study investigates degradation pathways and kinetics of the frequently-used ethoxylated
surfactants polyethylene glycol and polypropylene glycol under conditions simulating a release
to shallow groundwater of produced water from two hydraulically-fractured oil and gas wells at
varying production times. These results may be utilized to better characterize shallow

groundwater contamination following a release of produced water.




On-going work

« Characterization
— Comparing trace element quantification methods
— ldentification of recalcitrant biological compounds
— Metabolic structure/function of MOs in various produced waters

 Treatment

— Using enrichments to treat organics in hyper-saline wastewater; identifying
MO community

— Understanding metabolic function of halophilic microorganisms in degrading

COCs in PW
 Toxicity
— Toxicity identification evaluation of produced waters of different production
ages

— Early Life Effects of Produced Water on Menidia beryllina
— Toxicity of produced water before/after various benchtop treatment schemes

— Toxicological characterization of surface water impacted by discharge of
minimally treated produced water

— High-throughput Mechanistic Toxicity Assessment of Produced Water




Literature Review Objectives
* Identify chemicals detected in wastewater
from on on-shore oll and gas operations

* Prioritize based on known/unknown toxicity
hazards

» Search logic:

Conventional _
' hemical
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Data Gaps & Produced Water
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= Appalachian Basin
m Denver-Julesburg Basin
m Powder River Basin
m Western Canadian Sedimentary Basin
m Bend Arch-Fort Worth Basin
m Permian Basin
Arkoma Basin
m East Texas Basin
® Piceance Basin
m Williston Basin
m Green River Basin
® Raton Basin
San Juan Basin
= Black Warrior Basin
= Gulf Coast Basin
m [llinois Basin
m Uintah Basin
m Central Basin
Cherokee Basin

® Tongue River Basin
= N.S.




Wastewater production intensity

Billion barrels* of produced oil and gas wastewater

illion  10-100 100-500 500 million - 1-5 >5 billion
million million 1 billion billion



Chemicals Database
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Produced water chemicals
(are data-poor)

1179 PW chemicals

ToxVal Data availa@ 515

On FracFocus W 90

Priority Pollutant R 76

Drinking Water (or Candidate) e 53
TRI 11

RCRA W g1
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Deeper dive on subset

* Detected in PW more than once
o Concentration data

 Toxicity data (x2)
— Bioassay (in vitro) — AC50
— Ecotoxicity (in vivo) — EC50

FF Chemicals

AM
PW Chemicals

TEXAS A&M

UNIVERSITY.
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Top 20

e 10 are on FF

requlated

* 6 are “requlated™”

* 13 have standard
method

***Regulated” defined as being on one of
the following lists: Priority Pollutant,
RCRA, TRI, EPADW/HA, CCL4
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