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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

¢ Drilling operations — 60,000 to 650,000 gallons
per well

¢ Hydraulic fracturing operations — 3 million to 5
million gallons per well

¢ Definition of produced water and flowback water

¢ Interactions of water quality constituents as they
relate to water reuse and recycling

¢ Testing criteria in the laboratory and field
operations



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



Wastewater Characteristics and treatment concerns
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B Fracturing solution consists of sand and water

B Additives include biocides, corrosion inhibitors, O,
scavengers, friction reducers, surfactants, etc.

Gelling

Agent Scale o

KCl 0.056%  |nhibitor pHi:Lu:;ung
0.06%

s 0.011%

Surfactant
0.085%

Breaker
0.01%

Crosslinker
0.007%

Iron Control

0.004%

Corrosion
Irhibitor

0.002%
Friction btidio
0.001%
Reducer Acid
0.088% 0.123%

Reference: All Consulting 2009

Note — fracking fluid is less than 0.5% of the
overall fluid but has some issues with treatment



Flowback Chemistry

ST AN WO - = aen e o i S

¢ 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



Flowback Chemistry Variability
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_Parameter | Frac1 | Frac2 | _Frac3 | Fracd _

Barium 7.75 2,300 3,310 4,300
Calcium 683 5,140 14,100 31,300
lron 211 11.2 S 134 .1
Magnesium 31.2 438 938 1.630
Manganese 16.2 1.9 2.17 7.0
Strontium 4.96 1,390 6,830 2,000
TDS 6,220 69,640 175,268 248,428
TSS 490 48 416 330

COD 1,814 o267 600 2,272

Ref: ProChemTech International, Inc.



Guar Gum Issue

¢ Note the following
¢ Long chain polymer
¢ Reactive sites will

need to be neutralized
for effective filtration

¢ Enzyme treatment
Cation reactions

Oxidation demand

¢ Low ORP readings in
the field
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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
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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




Regulatory Issues

Safe Drinking W ater
Act — Class |l
Injection wells

Clean Water Act
NPDES Permits
W ater Rights
Special cases
Colorado River
Colorado
Statewide
Permits

¢ Colorado Rule 609
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Initial Contamination

. @ e Removal of large droplets
« Removal of coarse particles
Aggregate charged particles
Reduce dispersed contaminants
Remove gas bubbles

'

Primary Treatment:

. Removal small droplets & particles

Removal of smaller droplets &
particles

Remaval of ultra-small droplets
Removal of ultra-small particles
Dispersed hydrocarbons typically
below 10 mg/l
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Dispersed hydrocarbons typically
‘ below 5 mg/l

Large oil droplet ¥
® Smalloil droplet
Mo Dissolved matter
Pre-Treatment

Secondary Treatment {main phase):

p Coarse solid particle
@ Fine solid particle
¥ Charged particle
Conditioning of the water stream in the

upstream process, Facilities includes
dehydration vessels, storage tanks, strainers ete.

Main Treatment

Equipment includes skim tanks, AP| separators
ard plate pack interceptors

Eruipment includes hydrocyclores, gas
flotation, centrifuges

Polishing Treatment

Final clean-up, often required where wateris to
be re-injected for disposal or PWRI, or where
feedisto pass to a tertiary treatment stage.
Equipment includes dual media filters, cartridge
filtars, membrares

Tertiary Treatment
Remove dissolved matter and gases Produces an effluent stream of high quality

(strict restrictions on BOD, heavy metals and
others] = not always required. Processes such as
gas or steam stripping,, biological treatments
and activated carbon adsorption are used

Fig. 2 - Typical water treatment process in the oil and gas industry
(modified from Shell 2009).



Testing Requirements
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¢ Testing requirements . 5
-
based on level of | c

¢ Class Il Injection well vs.
surface water discharge

¢ Fleld testing for
evaluation of operations



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 developed

¢ Analytical techniques will need to be developed both
In the field and in the laboratory to assist in the
development of reuse and recycling
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