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Introduction

¢ Water reuse and recycling is a significant issue
In the development of oil and gas shale plays in
the United States

¢ Water use for E&P operations is significant in
areas where the drought exists — low percentage
number but total consumption

s Water reuse will be dependent on the
Interactions of water quality constituents as they
relate to water reuse and recycling

. Beneficial reuse of produced water can be for
hydraulic fracturing but also for agricultural
reuse, municipal augmentation and
environmental benefit



Water Quality Criteria for Reuse
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¢ Constituents of concern for water reuse:

¢ Total Dissolved Solids

¢ Ol and Grease

¢ Suspended solids

¢ Dispersed oll

¢ Dissolved and volatile organic compounds

¢ Heavy metals

¢ Radionuclides

¢ Dissolved Gases and Bacteria

¢ Chemical additives such as biocides, scale
and corrosion inhibitors, guar gum and
emulsion/ reverse-emulsion breakers



Water Use as a Function of Overall Water Management
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¢ W hat is the percentage of total fracking and energy
development = 0.14% of total use in the US typical -
(example is Colorado)

Largest use is Agricultural at 85%

Second highest use is Municipal and Industrial at 7%

All others is 8%

This 0.14% equals the amount of water used on an annual
basis by the City of Denver.

Water Use in Western US

) O Agricultural Use
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O Fracking
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Experience in produced water treatment

¢ Experience Iin treatment of
produced water for beneficial reuseps
¢ Wellington Colorado
¢ 5,000 bbl/ day facility
¢ Operational since 2006
¢ Produced water uses
¢ Makeup water for
hydraulic fracturing
¢ Agricultural irrigation
¢ Municipal augmentation " |0
water for a drinking watericejrbgie —_ld ok
supply | A.___W‘ll*lj ” |' llz-; = & !
¢ Utah facility of 5,000 bbl/ day ECHREREE
¢ Texas facility of 1,500 bbl/ day [ SSSaSEs
¢ Wyoming facility 100,000 s
bbl/ dav s




Impacts on Water Market

¢ Impacts on the water . Water and Hydr:
market i Fracturing

A White Paper From the American W

¢ Water Avalilability

¢ Truck Traffic

¢ Surface Spills and
leaks

¢ Alr pollution

www.awwa.org/fracturing

American Water Works
Association




Flowback Chemistry
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¢ Note the following

¢ Barium levels
¢ Iron levels | Parameter | FeedWater |  Flowback |

. pH 8.5 45t06.5
& TOC Calcium 22 22,200
Magnesium 6 1,940
“ TSS ] . Sodium 57 32,300
¢ These will be issues ron 4 539
. Barium 0.22 228
In t r eat m ent Strontium 045 4,030
resulting in issues for  manganese 1 s
. Sulfate 5 32
reuse or reCyC“ng Chloride 20 121,000
Methanol Neglible 2,280
TOC Neglible 5,690

TSS Neglible 1,211



Treatment Issues

¢ Treatment to what

Initial Contamination

St an d ar d ’? . Large oil droplet @ Coarse solid particle
L

® Small il droplet @ Fine solid particle

é Fr aC k Wat e r M Dissolved matter ¥ Chargedparticle
Pre-Treatment
f) N . ® #% Removal of large droplets Conditioning of the water stream in the
I I I a e u Removal of coarse particles upstream process. Facilities includes
. Aggregate charged particles dehydration vessels, storage tanks, strainers ete.

Reduce dispersed contaminants
Remove gas bubbles

&

Discharge to a
surface water or
tributary

-
- + T - T
Main Treatment
-

=Primary Treatment: Equipment includes skim tanks, AFI separators

. Removal small droplets & particles  and plate pack interceptors

secondary Treatment {(main phase): Equipment includes hydrocyclones, gas
Removal of smaller droplets & flotation, centrifuges
particles

Polishing Treatment

Removal of ultra-small droplets Final clean-up, often required where wateris to

& Removal of ultra-small particles be re-injected for disposal or PWRI, or where
g r O u n dwat e r — 4 O ~ |Dispersed hydrocarbons typically feedisto pass to atertiary treatment stage.
b= below 10 mg/l Equipment includes dual media filters, cartridge
E filters, membranes
CFR 4 3 5 E l Tertiary Treatment
= Remove dissolved matter and gases Produces an effluent stream of high quality
2 . - m |Dispersed hydrocarbors typically  (strict restrictions on BOD, heavy metals and
é D IS p O S aI IS CI aS S s below 5 mg/l others) — not always required. Processes such as
E gas or steam stripping,, biological treatments
(W) and activated carbon adsorption are used

Il injection well
Disposal is

surface water

nond !

&



Treatment Requirements

¢ Two areas of concern
¢ Organic treatment
¢ Inorganic treatment
¢ Organic
¢ Heavy Oils
¢ Asphaltines/ Parrafi
ns
¢ VOC's
¢ BTEX — benzene
¢ Alir stripping
¢ GAC
¢ Guar gum
¢ Micro-organisiums

o W Vr

é Inorganlc Treatment

lon exchange

¢ Higgins Loop
Precipitation
chemistry
Electro-
coagulation
CMF

NF/ RO



Treatment Process

¢ Treatment Steps

Modular On Site

¢ Aer at |On -rem Oval Energy Water Solution
of VOC's et &
Products el
& WSF —-nh eavy o ils R e
6,348,154- Methods to remove heavy
a n d g;ertfaéztflgmgrr&v;ater— rare earth minerals
asphaltines/ parafin =_ﬁ_

S e
¢ EC — precipitation of
multi-valent ions
¢ CMF —removal of
precipitants and
micro-organisiums
¢ GAC —VOC removal
¢ NF/ RO - control of

calte 10



Scale Formation & Chemical Interference Issues for Water Reuse
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¢ Constltuents of concern:

Barium sulfate
formation
Hardness (Calcium
and Magnesium)
Interactions
Silicate formations
Boron issues

Salt removal
Radionuclides

11
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Table 3 — An Example of Water Quality Goals for
Hydraulic Fracturing Fluids

Bacteria

Barium (mg/l)
Bicarbonates (mg/l)
Calcium (mg/l)
Chlorides (mg/l)

Iron (mg/l)

Hydrogen Sulfide (mg/l)
Magnesium (mg/l)

pH

Phosphates (mg/l)
Radionuclides (pCi/l)
Reducing agents (mg/l)
Silica (mg/l)

Strontium (mg/l)
Sulfate (mg/l)

100,000 per 100 ml
<2

250 to 100,000
300

2,000 to 40,000
10

ND

100

6.5t08.0

10

<15

ND

<20

<10

400 to 1,000

Total Dissolved Solids (mg/l) 500 to 5,000




Brine Control and Disposal
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¢ Control of brine is the most difficult issue In
recycling/ reuse of produced water and hydraulic
flowback water
¢ Brine stream can be 50,000 to 300,000 mg/ |
DS
¢ Potential uses
¢ 10 Pound Brine for drilling operations
¢ Chlor-Alkali process for the manufacture of HCI
or NaOCl and NaOH
¢ By product capture
¢ Lithium example



Conclusions
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¢ Recycling and Reuse of produced water and flowback
water will become a significant issue for the
development of oil and gas shale plays in the United
States

¢ Development of criteria for reuse and recycling
needs to be developed

¢ Treatment technologies that fit the final reuse and
recycling criteria will need to be deployed
economically

¢ Economics is the driver for recycling and reuse

¢ Companies are committing to higher recycling and
reuse rates but will need to implement more
complicated treatment technologies

¢ Brine harvesting will need to be researched and
perfected in the future
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