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Abstract — Development of unconventional natural resources such as shale gas, shale oil and coal bed methane, has
been activated and improved the productivity due to the recent technology advance in horizontal drilling and hydraulic
fracturing. However, the flowback water mixed with chemical additives, and the brine water containing oil, gas, high
levels of salts and radioactive metals is produced during the gas production. Potential negative environmental impact due
to large volumes of the produced wastewater is increasingly seen as the major obstacles to the unconventional natural
resource development. In this study an integrated framework for the flowback and brine water treatment is proposed,
and we reviewed the upcoming state of the art technology in water treatment. Basic separation processes which include
not only membrane, evaporation, crystallization and desalination processes, but the potential water reuse and recycling
techniques can be applied for the unconventional natural resource industry.
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Table 1. Amounts of water required for developments of natural
resources [4]

Natural resource Required volume of water (m?)

Conventional oil 200 m?

Conventional gas 500 m*

Coal (vertical fracturing) 1,000 m*
Coal (horizontal fracturing) 5,000 m*
Tight sands gas (vertical fracturing) 2,000 m?
Shale gas (vertical fracturing) 2,000 m?
Tight sands gas (horizontal fracturing) 15,000 m*
Shale gas (horizontal fracturing) 25,000 m*
Geothermal 5,000 m>
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Fig. 1. Map of world shale gas resources assessed by the United States Energy Information Administration|[7,8].
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Fig. 2. Schematic Representation of a Hydraulic Fracturing Opera-
tion [9].
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Fig. 3. Process flow diagram for a hydraulic fracture treatment [10].
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Fig. 4. Composition of a proppant laden fracture fluid [10].

- A olrlsler

< A O AIBFRAT NE MEERA (E A7 IRE HA|CO,: S
A& Al CO,)

AP A ERE 3788

- AER]) A7

- A7 15 2 3HE (proppant)

o]
o]

222, FUHHI2] BRL 4

A o 2 Auld Al & Ad(90.6%), E.21(8.95%), 3let
ORE 71 (0.44%) 0.5 T H0] SUrk(Fig. 4). FTARAL) 7]
soll weh Ak, vhE A, ARBAA, A, AALD AAA|, pH =
A, A 28A, FAAA|, AEAl, BEelA, ZhaAl, s}
Al A 57 22 e RE7 IS ARSIt slstolEie]
7MY 7155l thdt Al A B = il [4,12]00 55 Q)
t}. Table 2t= A FAQ1 FotupffAl 2] P41 dwvlsl 7S

Upehdic,
3. Sja4 Ol MARS X2 7|&

3-1. A2 7=

3l YR W8 F e R Ao T HEot
Felves FAIS gob AR, et WM, &8llE w5 ole, F
8= 1135 (Total Dissolved solids: TDS) 5= X33} lt}. 53]
FAr dAE Wobr] el Ade] ofFtt vl B &
bl - A5 7~109 FRF WSk, LA 3~470] AA
AYSI}, Fig. 5& vl= $EXE AA7EAolA 1497F ATk o
2} FAuk fAo] B SeE HoETH14).

AUl A= &, 24, 7k 5o 359 FAR E5)E o]
Ao, tite] S-S 2ol ARl Aol &5 E3lE o

pH-Adjusting  Corrosion Inhibitor
Agent 0.001%

0.01% I Cont iocide
rom COntrok, 60104

0.004%
2 Breaker
P ____0.009%

Crosslinker
0.006%

Gelling Agent
0.05%

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014



158 =

s - up

Table 2. Volumetric compositions and purposes of typical constituents of the hydraulic fracturing fluid[13]

Constituent Composition (% by vol) Example

Purpose

Water 90.6 Supply water - Provides supply of water
Sand 8.95 Sand suspension - Proppant sand grains hold microfractures open
Acid 0.11 Hydrochloride or muriatic acid - Dissolves minerals and initiates cracks in the rock
Friction reducer 0.08 Polyacrylamide or mineral oil - Minimizes friction between the fluid and the pipe
Surfactant 0.08 Isopropanol - Increases the viscosity of the fracture fluid
Salt 0.05 Potassium chloride - Creates a brine carrier fluid
Scale inhibitor 0.04 Ethylene glycol - Prevents scale deposits in pipe
pH-adjusting agent ~ 0.01 Sodium or potassium carbonate - Maintains effectiveness of chemical additives
Iron control 0.004 Citric acid - Prevents precipitation of metal oxides
Corrosion inhibitor ~ 0.001 n,n-dimethyl formamide - Prevents pipe corrosion
Biocide 0.001 Glutaraldehyde - Minimizes growth of bacteria that produce corrosive and toxic by-products
Breaker 0.009 - - Removes proppant inside fractures, decrease in viscosity of fluid to enhance
the recovery of oil
Crosslinker 0.006 - - Uses Metals and their associated phosphate ester to increase the fluid viscosity
- Owes metal to crosslinking roles, increases viscosity of fracturing fluid
leading to transport of much more proppant
Gelling agent 0.05 - - Increases the fracturing fluid viscosity, leading transport of much more proppant
Avg Load Recovery/day Table 3. Composition ranges of Barnett and Marcellus flowback water
5000 [15]
4500 Component Marcellus (19 locations) Barnett (5 locations)
4000 Range(mg/L) Range(mg/L)
8500 Total Dissolved solids 38,500-238,000 23,600-98,900
Z:gg ] Total Suspended solids 10.8-3,220 36.8-253
2000 Alkalinity (CaCOy) 48.8-327 238-1630
1500 Total organic carbon 3.7-323 9.5-99.1
1000 Biochemical oxygen demand 6.2-1950 92.6-1,480
500 Chloride 26,400-148,000 16,500-72,400
0 T s s e s e e e Bicarbonate (CaCO5) 29.8-162 145-994
. . Sulfate <0.031-106 145-1,300
Fig. 5. Reflovelrjf of flowback water over time for a Woodford shale Calcium 1440-23,500 454-6,680
wells [14]. Barium 21.4-13,900 1.5-16.8
Iron 10.8-180 11.8-76.7
9lom, 99lo] o)Eahd ;\1 A2 Y S R3] et 99 AR Sodium 10,700-65,100 7420-25,300
Magnesium 135-1550 75.3-757
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Table 4. Distinction between flowback and produced water

Distinction Characteristics Treatment

- Biological aerated filter
- Waste water occurring by hydraulic fracturing, which - Physical treatment(sand filtration, agglomeration, precipitation etc.)
includes chemical additives, proppant etc. - pH adjustment, oxidation, sterilization treatment
- Membrane(nano-filtration, reverse osmosis etc.)

Flowback water

- High pressure membrane

- Evaporation, distillation/evaporation enhancement
- Pressure-driven recovery enhancement

- Reverse osmosis commercial technology

- IX commercial technology

- Oilfield brine, accounting for the largest volume of by
product generated during oil and gas recovery
operations.

- Oil/water volume ratio of 1:3

Produced water

Table 5. Typical unit processes of chemical engineering in applications for flowback water treatments[17]

Suspended Iron Ca & Mg Soluble Trace Desalination & Adjustme Silicate &
Treatment Method De-Oiling Solids Removal Organic Organics  Brine Volume nt of Boron

Removal Removal Softening  Removal  Removal Red SAR* Removal

v

API Separator

Deep Bed Filter
Hydroclone

Induced Gas Flatation
Ultra-filtration

Sand Filtration

Aeration & Sedimentation

AR RN

NN NENENEN

Precipation Softening v v
Ion Exchange v v v
Biological Treatment v

Ozonation v v v v
Activated Carbon v
Reverse Osmosis

Distillation

Freeze Thaw Evaporation v

LSRN NN

Electrodialysis v
Chemical Addition v

v =Indicates that the technology is applicable as a potential remedy as indicated by data collected from pilot or commercial scale units.
*SAR=Sodium Absorption Ratio=Na'/((Ca"*+Mg?)/2)*?
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Table 6. Recommended water treatment technology in applications for unconventional oil and gas[18]

Treatment Technology Characteristics

- 75~85% removal of TSS
Biological aerated filters

- Effective within waste water of chloride 6,600 mg/I

- Power requirement of 1~4 kWh

Hydroclone - High recovery of water

- Removal of oil and grease up to 10 mg/I

Adsorption

- 80% removal of heavy metals
- Applications to all TDS concentrations regardless of salt type and concentration

- 93% removal of oil

Flotation - 90% removal of H,S

Reuse
Settling

- Without supply of water for water treatment
- Reduction of water volume because of evaporation in holding time and settling place

- 90% Removal of oil and grease

Media filtration

- Some filtrate may be used for backwashes

- Applications to all TDS concentrations regardless of salt type and concentration

- 90~99 % removal of inactivated disinfection

Ultraviolet Disinfection

- Inappropriate for high turbidity

Oxidation

- Depending on oxidation chemicals
- Most applicable TDS concentrations regardless of salt type and concentration

- Removal of suspended solids
- 10% removal of dissolved organic carbon

Ceramic and polymer MF,UF

- Removal of nearly all non-dissolved organic carbon

- Application to desalination process (seawater, brine) by NF, RO

- water: TDS 50,000 mg/I

- brine: TDS 500~40,000 mg/I

- NF(Nanofiltration): TDS 500~25000 mg/1

- SWRO(Seawater Reverse Osmosis): TDS 100~400 mg/1

Recycling Pressure driven membrane

- BWRO(Brackish Water Reverse Osmosis): TDS 100~1,500 mg/1
- FO(Forward Osmosis): TDS 500~35,000 mg/1
- HERO(High Efficiency Reverse Osmosis): TDS 500~10,000 mg/I

Thermal Technologies

- Distillation based membrane: TDS 500~50,000 mg/1

Crystallization

- TDS 260,000~1,000,000 mg/1
- After pretreatment of Marcellus flowback water, production of dried NaCl and liquid CaCl,[21]

- Disposal of flowback water in depth underground

- Inexpensive cost

Wastewater treatment
(Well injection)

- Minimization of environmental pollution to disposal of wastewater into at least 1,200 m underground
- High cost of transportation up to injection well
- Impossible reuse of disposal water

- Occurrence of earthquake due to weakening geological matrix
- Difficulty in countries with high environmental regulations
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Fig. 6. Economical Assessment of water treatment technologies with
and without removal of TDS [19].
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