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Hydraulic fracturing

* Process — Inject water and
chemicals (fracturing fluid)
with a proppant (sand,
ceramics) to fracture
formation rock and release
tightly-held oil and gas

¢ Opens up oil and gas
deposits not previously
accessible using conventional
oil and gas wells

* Modern hydraulic fracturing,
is the combination of
horizontal drilling with
hydraulic fracturing. These
two technologies have
existed independently for
many decades.
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Reserves in and near Alberta

Primary fields
include Duvernay
and Montney in
AB, and the Horn
River in BC

>9000 wells in AB
Tens of thousands
of m3 of
freshwater per
well, on average




Fluids involved in hydraulic fracturing

* Fracturing fluid — a mixture of water
(typically fresh surface water in AB)
with hundreds of organic chemicals BTSN T TR
(to improve well performance) that |l LI A UL
is injected into the subsurface to
fracture the formation | | S4B | Volume, b51 | Total Cost, §

* Flowback water — a mixture of the 3 3 5 1.3
fracturing fluid, deep saline brines
and potential reactions between
these fluids and the formation rocks

* Produced waters — later fraction of
waters that return up the well, that
typically represent the chemistry of
the deep saline brine

Report to Canadian Water Network

Plays: Marcellus (NE US), Barnett (TX), Duvernay (AB),
Montney (BC, AB)
1. Regulatory and policy regimes across jurisdictions (Allen,
SFU)

2. Stakeholder concerns, public perception, and social
license to operate (Gehman, U Alberta)

3. Wastewater handling, treatment, and reuse (Alessi, U
Alberta)
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UNCONVENTIONAL WASTEWATER MANAGEMENT: A
COMPARATIVE REVIEW AND ANALYSIS OF HYDRAULIC
FRACTURING WASTEWATER MANAGEMENT PRACTICES ACROSS
FOUR NORTH AMERICAN BASINS

1. Regulatory framework

¢ Wastewater disposal rules:
Fox Creek, AB, January 22, 2015

— Only in deep injection wells in Magnitude 4.4
Canada

— Beneficial reuse allowed in the Fort St. John, BC, August 17, 2015
United States (road de-icing and Magnitude 4.6

dust control, formerly treatment
and discharge) Canada May H Just Set A Fracki
¢ Canada lacks more stringent AR . HAVa L USL et A rC g

injection well regulations of Edrthquake World Record
United States (EPA — UIC Injection B
Program, 2013): "
— Hydroconnectivity
— Micro-seismicity
— Monitoring within a 2-mile radius
for contamination and seismicity
* No consistent regulatory
framework on hydraulic
fracturing-induced seismicity

Notte et al., 2017, Can. Water Resour. J.

18/01/2017




N

Stakeholder concerns

Political

General concerns Wastewater concerns
concerns
State/Province
(wastewater, Mowback (ban,
water, produced water) maratarinm)
89 32 n
2745 489 698
538 58 128
100 2] 21
858 29 177
892 56 177

Conducted a survey of keyword frequencies in major newspapers in PA, NY, WV, OH,
TX, AB, and BC from 2008 — 2014.

Gehman et al., 2016, Sustainability
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Concern versus accountability

Total concern  Tatal accountability Concern to
Region - "
mentions mentions accountability ratio

1278 12 17

Lt 3 29

2822 30 94

496 10 0

94 2 47

692 126 5

715 12 6

Accountability terms: social license, inability, corporate responsibility, corporate

social responsibility, inable develop , cumulative effects

stakeholder management
Gehman et al., 2016, Sustainability

3. Wastewater handling,
treatment, and reuse

Research approach: use oil
and gas databases
(GeoScout, AccuMap,
FracFocus) and, insofar as

possible, cross-reference
data to identify information
gaps

* Pilot regions: Duvernay
Formation (Alberta),
Montney Formation
(Alberta, BC)

Alessi et al., 2017, Can. Water Resour. J. -




Location and water use of hydraulic
fracturing (Nov 2011 — Mar 2014)
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4078 wells in Alberta
837 wells in British Columbia

25+ Olympic
swimming pools
of water

e
Volumes of
water in m? prvs. s=y 1

W W
Alessi et al., 2017, Can. Water Resour. J.
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Information we can extract from databases
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Database search gaps to address

* No guarantee any one database is complete

¢ Wastewater disposal data not readily available in
databases used (may require further sources such as
provincial / state databases)

¢ Source of water not well-known (difficult to
differentiate between fresh, saline, and recycled water)

¢ Holistic overview of trends in wastewater geochemistry
would be difficult at best:
— Partial organic chemistry of fracturing fluids in FracFocus
— In some cases detailed inorganic chemistry of flowback

and produced waters in AccuMap, but many
heterogeneities (type of frac, sampling times, shut ins, ...)




Sunse\ﬂHauye
o Valleyview —
Sturgeon 20 km
Heights

Reported Fluid Spills

Data source:
AB Energy Regulator
“Compliance Dashboard
Data used:
Only spills referenced
to Fox Creek, AB
Dates: July 2014 — present
Volume: ~286,000 liters
Types of releases reported:
Emulsion
Produced water
Crude oil
- Hydraulic fluid
@ Methanol
Condensate
Oily sludge

~23,600
6 spills

~253,000 |
2 spills

~1001
1 spills

~3,1001
3 spills

windfall
~2001
2 spills

~1,600 Whitecourt

2 spills

~4,200 |
4 spills

Slnnmg Bank

Data source: AER Compliance Dashboard
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Flowback and produced water

concerns
e Complex:
— Inorganics (200,000 ppm+ salinity)
— Organics

— Microorganisms
— Suspended solids
— Toxicity (sources?, mechanisms?)

Biofouling of wells and produced
fluids (surface versus deep biota)

Overall, current state of
chemical and microbiological
characterization for flowback
water is underdeveloped

Day 7 flowback, Duvernay Fm., AB
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/ Metals in the Hydraulic toxicological
/ environment ' fracturing assays

Nanotechnology

contaminants

Martin




Access to fluids from partner Encana

Photos: Johanna Weston
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Agilent 8800 ICP-MS/MS

]
+ Advantages f .
— High TDS front end -
means flowback
brines require less
dilution ] ‘
— Extra quadrupole in -
front of reaction cell, @
key for eliminating :
interferences in
complex fluids

Photos: Agilent Technologies

Inorganic analyses

Element Isotope Method Mean Concentration
(mg/L)
[<] Ic 136,000
Na 23 IcP-aQQ 70,000
ca 44 IcP-aQQ 11,800
K 39 IcP-00Q 2,570 * 242,600 mg/L total
Sr 88 IcP-aQQ 1,470 dissolved solids (TDS).
Mg 24,25 IcP-aQQ 1,110
Total N TOC/TN 498 * 93% of TDS has been
Br 79 ICand ICP-QQQ 276 accounted for.
ToC TOC/TN 211 .
B 10 IcP-QQ 71.6 * Solution charge
Li 7 IcP-QQQ 54.6 balance within 0.3%.
Fe 56 IcP-aQQ 43.1
so4 Ic 4.81
Zn 64,66,68  ICP-QQQ 4.4
As 75 IcP-aQQ <0.004
Pb 206, 207, 208 ICP-QQQ 0.05
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Untargeted Organics Analyses

HPLC-Orbitrap Elite

» Separate a broad range
of organic compounds
— Orbitrap: ESI, positive
mode, 5 kV, 350°C, RP =
120,000
 Use software to look for
similarities/differences
among samples
 Follow-up by
characterizing unknown
peaks

Photo: Dr. Alberto Pereira, U. Alberta

Orbitrap MS flngerprlnt

%] apsev  MS/MS

HCD 35 eV

HCD 80 eV

It me-

Time (min) )

Rel. Abundance

He etal., in revision, Water Research

Polycyclic Aromatic Compounds
(GC-MS)

800 PAHs alkyl-PAHs
1T 1

500 4
g 400 4
:§' HFFW-SF Cangc!lan Council
B 200 HFFW-S of Ministers of the
H Environment
§ (CCME)

200

guidelines for
protection of
aquatic life:

15 ng/L BAP

3000 ng/L Fluorene

Afﬁ

He et al., in revision, Water Research




Aquatic species toxicity assays

¢ Zebrafish breeding

— Fertilized embryo collection
¢ Exposure to fluids

— Morphological changes

— LC;, calculation

— Ethoxyresorufin-O-deethylase (EROD) activity
measurement (PAH response)
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Morphological observations on
zebrafish larvae

Malformed spine Pericardial edema  Aggregated material
on body surface

Exposed to 2.5% solution of flowback fluid for 72 h

He etal., in revision, Water Research

Suspended solids fraction increases

toxicity

Mortality of Zebrafish Embryo
Exposed to HFFWs (0 to 96 hpf)
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Flowback solids characterization

- Orange colour —rust appearance
- Contains high concentrations of iron and silicon

He etal,, in revision, Water Research

Electron microscopy

Energy (ke

Flynn etal., in preparation

Solids toxicity pathway

0, oxidation PAHs
Fe(ll) > Fe(ll) sorption

Particle sorption and

pe delivery to organism

v (shift in PZC of Si-Fh)
3

Ferrihydrite

Si-doped :. _—

(small particles)
/ P .
SiO,(aq) > SiO,(s)
Solution cooling Meta!s
sorption/
incorporation Toxicity vector in waterways?|

Filtration / removal
a treatment technology?
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Ongoing goals

Ascertain role of flowback sediments in heavy metals

transport and potential aquatic toxicity

Better understand the role of microbes in the hydraulic

fracturing water cycle

¢ Build up a temporal and spatial database of hydraulic
fracturing flowback chemistry, toxicity and
microbiology (next 3-4 years)

¢ Engage with stakeholders to both discuss our findings
and learn about emerging concerns (stay tuned for on-
campus University of Alberta fracturing forum in 2018)

¢ Continue to publish our findings in peer-reviewed

scientific journals
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Comparative analysis of hydraulic fractaring wastewater practices In unconventional shale
Iopments: Regulatory regimes
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Fracturing fluid components

Compound Common application
Acids.
Sodium Chioride
i n
L between fluid and pipe
CHEMICAL. Prevents scale 0eposits
ADDITIVES Ethylene Glycol in the pipe ”
Borate Saits -
Washing soda, detergen,
LT s0ap. water softener,
Called “proppant”; gass. ceramics
can be sand or ceramic Qiutars Eliminates bacteria in

beads; used to hold
open fractures so that ——
gas can migrate from

formation to the surface Ereaper

s,
the water L ,IM
Thickener in cosmetics, 2
Thickens the water 1o e
suspend the sand aked goods, ice cream.
toothpaste, sauces

Prevents precipitation of  Faad additive: foad and
beverages: ler

e B

EROD induction (

exposure to PAH) is

greater in sediment-containing fluid

25

203

Fold change of EROD activity

393 £ 27 nglL A
c
L |
+ 26 ng/lL
b

Control

Salinity  Salinity +  Salinity +

ab
ab ab

W ab
1.0 D
05

~

0.0

(=] AC &F

5 Sample with
sediment

Organics Organics +

Sediment
He et al., in revision, Water Research
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