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Fresh Water Availability
Insufficient fresh water resources in many 
parts of U.S. (and world)

Many of these areas have access to 
sources of saline water
– Saline ground water
– Produced water
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Several Technologies Exist to Remove Salinity

Treatment results in two byproduct streams
– Treated water 

• In filtration systems this may be called permeate
– Concentrated solution containing removed constituents

• Called concentrate

Treatment 
Device

Raw water

Treated water

Concentrate
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Processes Used to Treat Saline Water

Membrane 
processes
– Microfiltration
– Ultrafiltration
– Nanofiltration
– Reverse 

osmosis
Electrodialysis
Ion exchange
Thermal distallation

Source:  Ben Gould, Ashbrook Simon-Hartley
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Source:  Anders Hallsby, Nalco
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Source:  Roger Noack, HDR
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Source:  Roger Noack, HDR
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Reverse Osmosis
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Source:  Roger Noack, HDR
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Water Treatment System Must Remove a Variety of 
Constituents

Different pretreatment steps are used to first 
remove:
– Larger-sized materials (e.g., sand, 

microbes)
– Constituents that would impair additional 

treatment (e.g., oil and grease)
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Texas A&M Treatment Trailer
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All of these steps add constituents to the water that may end up in the concentrate

Source:  Anders Hallsby, Nalco



14

How Is the Concentrate Disposed of/Managed?

Volume and parameter concentration of concentrate stream are determined by 
operating parameters
– Low volume means high energy input and high parameter concentrations 

Options:
– Inject concentrate underground

• Disposal
• Use for enhanced oil recovery

– Discharge to surface water body
– Dispose of by land application

Each of these practices is governed by different set of rules

Treatment 
Device

Raw water
Treated water

ConcentrateAdditive B Additive C

Additive A
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Inject Concentrate Underground

Safe Drinking Water Act (SDWA) establishes the Underground 
Injection Control (UIC) program

Concentrate is injected for promoting additional oil and gas production 
(enhanced recovery): 

– Most states and EPA consider the injection well to be a Class II
well

Concentrate is injected solely for disposal:
– States and EPA are not consistent of type of injection well
– Raw water is produced water

• The resulting injection well is usually a Class II well
– Raw water is other than produced water (e.g., saline ground water)

• The resulting injection well could be Class I, II, or V
• Depends on the situation and philosophy of agency
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Standards often Used for Injection
SDWA directs EPA to develop two types of standards for drinking water 
quality:

– Maximum Contaminant Levels (MCLs)

• Enforceable

• Based on affordable treatment methods

– Maximum Contaminant Level Goals (MCLGs) 

• Non-enforceable

• Represents the public health goal

These are available for more than 75 contaminants

http://http://www.epa.gov/safewater/consumer/pdf/mcl.pdfwww.epa.gov/safewater/consumer/pdf/mcl.pdf
UIC permits other than Class II may require injectate to meet MCLs
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Excerpt from EPA Drinking Water Standard Table
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Discharge of Concentrate and Relevant Standards
Discharge of concentrate would require an NPDES permit 

– Permit includes limits that would ensure compliance with state 
water quality standards (WQS) 

Clean Water Act (CWA) directs each state to adopt enforceable 
WQS
To help the states, EPA develops non-enforceable, technical 
recommendations called water quality criteria (WQC)
– Aquatic life protection 

• Fresh and salt water 
• Acute and chronic exposure

– Human health protection 
• Eating fish/seafood from water
• Drinking water and eating fish/seafood from water

These are available for about 150 substances
http://www.epa.gov/waterscience/criteria/nrwqchttp://www.epa.gov/waterscience/criteria/nrwqc--2006.pdf2006.pdf
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Excerpt from EPA WQ Criteria Table
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Other Standards for Management of Concentrate

Resource Conservation and Recovery Act (RCRA) includes various 
criteria for determining if a substance is subject to the hazardous 
waste program
The toxicity characteristic is based on a leaching procedure
Waste samples exceeding the regulatory limit meet EPA’s definition of 
characteristic hazardous wastes
Toxicity thresholds are often set at 100 times the MCL
If concentrate constituents exceed hazardous waste thresholds
– This could affect the class of UIC injection well used and could

restrict other methods of managing the concentrate



Toxicity Characteristic Regulatory Thresholds (mg/L)

Arsenic 5.0 

Barium 100.0 

Benzene 0.5 

Cadmium 1.0 

Carbon tetrachloride 0.5 

Chlordane 0.03 

Chlorobenzene 100.0 

Chloroform 6.0 

Chromium 5.0 

o-Cresol 200.0 

m-Cresol 200.0 

p-Cresol 200.0 

Cresol 200.0 

2,4-D 10.0 

1,4-Dichlorobenzene 7.5 

1,2-Dichloroethane 0.5 

1,1-Dichloroethylene 0.7 

2,4-Dinitrotoluene 0.13 

Endrin 0.02 

Heptachlor and its epoxide 0.008 

Hexachlorobenzene 0.13 

Hexachlorobutadiene 0.5 

Hexachloroethane 3.0 

Lead 5.0 

Lindane. 0.4 

Mercury 0.2 

Methoxychlor 10.0 

Methyl ethyl ketone 200.0 

Nitrobenzene 2.0 

Pentrachlorophenol 100.0 

Pyridine 5.0 

Selenium 1.0 

Silver 5.0 

Tetrachloroethylene 0.7 

Toxaphene 0.5 

Trichloroethylene 0.5 

2,4,5-Trichlorophenol 400.0 

2,4,6-Trichlorophenol 2.0 

2,4,5-TP (Silvex) 1.0 

Vinyl chloride 0.2 
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Comparison of Different Threshold  Values (mg/L)

Type of Criterion Benzene Mercury

SDWA – MCL 0.005 0.002

SDWA - MCLG 0 0.002

CWA - Acute WQC – freshwater No criterion 0.0014

CWA - Chronic WQC – fresh No criterion 0.00077

CWA - Human Health WQC – fish 0.0022 0.3 mg/kg

CWA - Human Health WQC – water and 
fish

0.051 No criterion

RCRA toxicity 0.5 0.2
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What Do These Different Standards Mean to the Regulators?

For most drinking water concentrate in arid areas, surface water
discharge is not a viable option
– Therefore, CWA WQC are not applicable

For concentrate injection, regulators will want to know if the 
concentrations are:
– < MCL 
– > MCL but < RCRA toxicity threshold 
– > MCL and RCRA toxicity threshold

This information will allow them to decide what class of well can 
be used for injection
– At this time, there is not a uniform approach to determining the

classification of concentrate disposal wells
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Examples of Data from Treatment of Produced 
Water

The Texas A&M desalination trailer has been operated on several 
produced water samples
Various analytical results of the raw water, treated water (permeate), and 
concentrate are shown in the following slides
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Production Well - Brazos County TX, August 4th, 2006
Water Treated by Texas A&M Trailer

Constituent Raw Water Reject* Permeate

TDS 13,320 14,021 323
Sodium 4,490 4,726 127
Chlorides 7,494 7,888 184
Potassium 76 80 1.2

*Estimated at 95% reject volume
Units are mg/L
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Comparison of Desalinated Produced Water with Municipal Water frComparison of Desalinated Produced Water with Municipal Water from College om College 
Station. TXStation. TX

(1) College Station municipal treatment plant 

(2) Neuman gas well – treated by A&M trailer

(3) Fife #3 oil well – treated by A&M trailer
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Detailed Data from Fife #3 Oil Well
The A&M Desalination Unit was towed to 
the Fife Well site in Washington Co, TX
Produced water from the Buda Lime was 
treated and desalted with a single stage 
one-pass RO configuration

– Concentrate stream = 76% of volume
Units are mg/L
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Preliminary Results - Darst Field Pilot Plant Test
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Detailed Data from Neuman Gas Well

Parameter Units  
Raw 
Water

Microfiltr-
ation
Permeate

RO 
Permeate

RO 
Concentrate

pH SU 7.1 7.2 6.8 8.3

Conductivity umhos/cm 536 478 23 3,130

Solids, Total 
Dissolved mg/L 149 135 ND 924

Sodium Adsorption 
Ratio unitless 5 5 0.9 13

Solids, Total 
Suspended mg/l 9 4 ND ND

Alkalinity mg/L 126 110 9 677

Bicarbonate mg/l 154 134 11 826

Carbonate mg/l ND ND ND ND

Chloride mg/L 65 58 ND 404

Sulfate mg/L 1 1 ND 9

Calcium mg/L 14 12 ND 87

Magnesium mg/L ND ND ND 4
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Detailed Data from Neuman Gas Well - continued

Parameter Units  Raw Water
Microfiltration
Permeate

RO 
Permeate RO Concentrate

Potassium mg/L ND ND ND 6

Sodium mg/L 70 64 1 471

Boron mg/L 7.67 6.8 1.47 28.2

Silicon mg/L 1.36 1.48 ND 11.2

Silica mg/L 2.9 3.2 ND 24

Anions meq/l 4.4 3.8 0.21 25

Cations meq/l 3.8 3.4 0.049 25

Benzene ug/l 498 290 8.3 30

Ethylbenzene ug/l 9.3 4.6 ND ND

Toluene ug/l 290 149 0.5 17

Total Xylenes ug/l 44 14 ND 4

Total Petroleum 
Hydrocarbon mg/l 8.15 1.38 ND 4.85
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Questions?
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