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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 
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 fractur ing but also for  agr icultural 
reuse, municipal augmentation and 
environmental benefit  
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Water Quality Criteria for Reuse 

Constituents of concern for  water  reuse: 
Total Dissolved Solids 
Oil and Grease 
Suspended solids 
Dispersed oil 
Dissolved and volatile organic compounds 
Heavy metals 
Radionuclides 
Dissolved Gases and Bacter ia 
Chemical addit ives such as biocides, scale 
and corrosion inhibitors, guar  gum and 
emulsion/ reverse-emulsion breakers 
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Water Use as a Function of Overall Water Management 

 

Water Use in Western US

Agricultural Use

Municipal

Other

Fracking

 
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 Agr icultural at 85% 
Second highest use is Municipal and Industr ial at 7% 
All others is 8% 
This 0 .14% equals the amount of water  used on an annual 
basis by the City of Denver. 
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Experience in produced water treatment 
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Impacts on Water Market 

Impacts on the water  
market 

Water  Availability 
Truck Traffic 
Sur face Spills and 
leaks 
Air  pollut ion 
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Flowback Chemistry 

Note the following 
Bar ium levels 
Iron levels 
TOC 
TSS 

These will be issues 
in treatment 
result ing in issues for  
reuse or  recycling 
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Treatment Issues 

Treatment to what 
standard? 

Frack water  
makeup? 
Discharge to a 
sur face water  or  
tr ibutar y 
groundwater  – 40  
CFR 435  
Disposal is Class 
II injection well 
Disposal is 
sur face water  
pond 
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Treatment Requirements 

Two areas of concern 
Organic treatment 
Inorganic treatment 

Organic 
Heavy Oils 
Asphalt ines/ Parrafi
ns 
VOC’s 

BTEX – benzene 
Air  str ipping 
GAC 

Guar gum 
M icro-organisiums 
 

Inorganic Treatment 
Ion exchange 

Higgins Loop 
Precipitat ion 
chemistr y 
Electro-
coagulation 
CMF 
NF/ RO 
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Treatment Process 

Treatment Steps 
Aeration  - removal 
of VOC’s 
W SF – heavy oils 
and 
asphalt ines/ parafin
s 
EC – precipitat ion of 
mult i-valent ions 
CMF – removal of 
precipitants and 
micro-organisiums 
GAC – VOC removal 
NF/ RO – control of 
salts 
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Scale Formation & Chemical Interference Issues for Water Reuse 

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

Bacteria 100,000 per 100 ml 
Barium (mg/l) < 2 
Bicarbonates (mg/l) 250 to 100,000 
Calcium (mg/l) 300 
Chlorides (mg/l) 2,000 to 40,000 
Iron (mg/l) 10 
Hydrogen Sulfide (mg/l) ND 
Magnesium (mg/l) 100 
pH 6.5 to 8.0 
Phosphates (mg/l) 10 
Radionuclides (pCi/l) <15 
Reducing agents (mg/l) ND 
Silica (mg/l) <20 
Strontium (mg/l) <10 
Sulfate (mg/l) 400 to 1,000 
Total Dissolved Solids (mg/l) 500 to 5,000 

Constituents of concern: 
Bar ium sulfate 
formation 
Hardness (Calcium 
and Magnesium) 
interactions 
Silicate formations 
Boron issues 
Salt removal 
Radionuclides 
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Brine Control and Disposal 

Control of br ine is the most difficult issue in 
recycling/ reuse of produced water  and hydraulic 
flowback water  

Br ine stream can be 50 ,000  to 300 ,000  mg/ l 
TDS 
Potential uses 

10  Pound Br ine for  dr illing operations 
Chlor -Alkali process for  the manufacture of HCl 
or  NaOCl and NaOH 

By product capture 
Lithium example 
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Conclusions 

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 cr iter ia for  reuse and recycling 
needs to be developed 
Treatment technologies that fit  the final reuse and 
recycling cr iter ia will need to be deployed 
economically 
Economics is the dr iver  for  recycling and reuse 
Companies are committ ing to higher  recycling and 
reuse rates but will need to implement more 
complicated  treatment technologies  
Br ine har vesting will need to be researched and 
per fected in the future 
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