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Managing oil and gas wastewater

Alternative methods to underground disposal

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

Total produced: 900 billion gallons annually

*1 barrel = 42 gallons

Central Valley, California:

30 year program — currently over 90K
acres approved to use oilfield
wastewater for food crop irrigation

Pecos, Texas:
2015 pilot to irrigate cotton with
produced water

Oklahoma:

Governor task force examines
alternatives to oil and gas
wastewater disposal wells in 2016

West of 98" Meridian:
EPA rules allow discharges if “good
enough quality” for ag and livestock

Pennsylvania:

Discharges to surface waters via
centralized treatment facilities (PA
rules, in effect, require thermal
distillation)




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 Sayyzyn

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



Data Gaps & Produced Water

APPROVED TOXICITY DATA CWT ELGSs &
ANALYTICAL METHODS PERMITS
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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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Emerging analytical methods for the characterization and quantij
organic contaminants in flowback and produced water

Karl Qetjen”, Cloelle G.8. Giddings”, Molly Md.aughlin®, Marika Nel'’, Jens Blotew
Domian E. Helbling’, Dan Mueller®, Christapher P Higgin™
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Exploring matrix effects and qu
additives in hydraulic fracturing
using liquid chromatography el
ionization mass spectrometryt
Marika Nell® and Darnian E. Helblmg@"

Hydraulic fracturing HF] operations utilize milions of gallons of
incluging biocides, corrazion inhibiters, end surtactants. Fluics if
surface as wastewaters, which contair a complex mixture of
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Introduction
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Succession of toxicity and microbiota in hydraulic fracturing flowback u")
and produced water in the Denver-Julesburg Basin

Natalie M. Hull %, James S. Rosenblum ?, Charles E. Robertson °, J. Kirk Harris <, Karl G. Linden **

* University of Colorado Boulder, Department of Civil, Environmental, and Architectural Engineering, Boulder, CO 80303, USA
® University of Colorado School of Medicine, Anschutz Campus, Division of Infectious Disease, Aurora, CO 80405, USA
© University of Colorado School of Medicine, Anschutz Campus, Department of Pediatrics, Aurora, €O 80405, USA

HIGHLIGHTS GRAPHICAL ABSTRACT

« 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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ARTICLE INFO ABSTRACT
Article history:

Received 13 April 2018

Received in revised form 5 June 2018
Accepted 6 June 2018

Available online xxx

Hydraulic fracturing flowback and produced water (FPW) samples were analyzed for toxicity and microbiome
characterization over 220 days for a drilled well in the [ Jul (DJ) Basin in Colorado. Cy-
totoxicity, mutagenicity, and estrogenicity of FPW were measured via the BioLuminescence Inhibition Assay
(BLIA), Ames Il mutagenicity assay (AMES), and Yeast Estrogen Screen (YES). Raw FPW stimulated bacteria in
BLIA. but were cytotoxic to yeast in YES. Filtered FPW stimulated cell growth in both BLIA and YES. Concentrating
25x by solid phase extraction (SPE) revealed significant toxicity throughout well production by BLIA. toxicity
during the first 55 days of flowback by YES, and mutagenicity by AMES. The selective pressures of fracturing con-

Editor: Frederic Coulon

Keywords: ditions (including toxicity) affected bacterial and archaeal communities, which were characterized by 165 rRNA
Fracking gene V4V5 region sequencing. Conditions selected for thermophilic, anaerobic, halophilic bacteria and methan-
In vitro bioassay ogenic archaea from the groundwater used for fracturing fluid, and from the native shale community. Trends
Flowback

in toxicity echoed the microbial community, which indicated distinct stages of early flowback water, a transition
stage, and produced water. Biota in another sampled D) Basin horizontal well resembled similarly aged samples
from this well. However, microbial signatures were unique compared to samples from D] Basin vertical wells, and
wells from other basins. These data can inform treatability, reuse, and management decisions specific to the DJ
Basin to minimize adverse environmental heaith and well production outcomes.

© 2018 Elsevier BV. All rights reserved.

Produced water
165 rRNA gene amplicon sequencing

* Corresponding author.

1. Introduction
E-maif addresses: natalie hull@colorado ed
g 9 edu (1S, Rosenblum), charl son@ucdenver.edu . : 5 3
(CE Robertson), jonathan harris@ucdenver.edu (LK. Harris), karl doed Tec for horizontal drilling and hydraulic fracturing have
(KG, Linden) enabled access to previously cost-prohibitive shale deposits, leading to

https://doi.org/10.1016/j.scitotenv.2018.06.067
0048-9697/© 2018 Elsevier B.V. All rights reserved.



Ongoing work - toxicity

 Toxicity identification evaluation « Toxicity of produced water
of produced waters of different before/after various benchtop
production ages treatment schemes
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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
Ol OR Gas = O AND MRS AND Cha?acterization
Unconventional
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Records identified through database
searching

Includes relevant studies to

Web of Science (n = 11996) March 8, 2018 (including
PubMed (n = 3665) advance online publications)

Records screened Records excluded
(n =15661) (n =15391)

Studies identified from Full-text articles assessed
hand searching reviews for eligibility
(n=21) (n =291)

Full-text articles excluded
(n=191)

Studies included
(n = 100)

Partners in Science DEFENSE FUND:
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Distribution of Basins

»
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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.




Chemicals x-walk list
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Comptox Dashboard x-walk
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Presence on Lists :
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Fate/Transport (ACTOR), TRI
d — National Environment Methods
— Hazar Index (NEMI)
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Chemicals x-walk list + Comptox
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Data Gaps & Produced Water
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Cross-walks

CHEMICALS DETECTED IN PW (1180)

FracFocus (2013-2017)
Concentration data
Regulated

TOXVAL Data
TOXCAST Data

TedX

TOPKAT

0% 20% 40% 60% 80% 100%




Cross-walks

UNREGULATED, WITH TOXVAL DATA IN PW (358)

FracFocus (2013-2017)
Concentration data
TOXCAST Data

TedX

TOPKAT

0% 20% 40% 60% 80% 100%
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