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Well Site Produced Water 
Management in Oil & Gas 
Production
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Environmentally Friendly Drilling
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Environmentally Friendly – Key Subsystems

http://www.efdsystems.org



Outline of Presentation

(1) The need to adopt Environmentally Friendly Drilling 
Practices including  re-use of oil and gas produced 
brines

(2) Membrane technology used to treat produced brine 
and frac flow back water to reduce Environmental 
“Footprint” of well sites.

(3) Research
(4) References
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Unconventional Petroleum Energy 
Resources are Plentiful

Technology is available, but it will be the 
environmental issues

that slow
the development of shale gas resources

Access to Resources
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Future Energy Needs to be Met by 
Unconventional Resources

The Need Unconventional Resources

U.S. yearly use 23tcf (2008)

�� A 50 to 100 year supply for the A 50 to 100 year supply for the 
U.S. from unconventional U.S. from unconventional 
““ technically recoverable technically recoverable 
resourcesresources ””
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What is the Potential?
A Barnett Shale Study–

Peter Valkó, Professor, Department of Petroleum Engineering, Texas A&M University

Analysis of production history from 7000+ wells and  an estimation of the 

ultimate-recovery equivalent of each stimulation tr eatment showed;
Ultimate production for each 5 mile x 5 mile sub-ar ea

The current cumulative produced gas (3.5x1012 scf) is about 5.5 % of 

the ultimate recoverable gas 
Production from the Barnett Shale is expected to co ntinue for the next 

20 years

Total gas > 50TCF
Total wells > 50,000

Total water used >60 billion gallons
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Barnett Shale Wells

50,000 more wells?
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Barnett Shale Well Equivalent to City of 4,000 
Population 

~$1.7 MM ~$1.7 MM 

2,000,000 lbs (3 2,000,000 lbs (3 
months)           months)           

6 MW (8,000 Hp)6 MW (8,000 Hp)

18 million gal (3 18 million gal (3 
mo.)mo.)

City Operations(1)City Operations(1)

3 mo. Ops. 3 mo. Ops. ~$ 2.2 MM~$ 2.2 MMUnit BudgetUnit Budget

3 mo. Ops.3 mo. Ops.200,000 lbs. (7,000 ft 200,000 lbs. (7,000 ft 
well, basement, road well, basement, road 
& pad +incidentals)& pad +incidentals)

Solid Waste Solid Waste 

Avg. SCR rigAvg. SCR rig7,500 HP7,500 HPPower UsePower Use

A 3 to 10 year A 3 to 10 year 
supply for supply for 
““ typicaltypical”” rural rural 
wellwell

10 million gal10 million galWater UsageWater Usage

CommentsCommentsWell OperationsWell OperationsWater UsageWater Usage

(1) Based on comparison to  Andrews TX city budget (pop.9,600) 2008 FY
(2) TCEQ Statistical Estimates for Individual water well, rural property

Description of Technology
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Membrane (Physical removal)
Reverse Osmosis desalination (TDS removal)
NF and UF (TSS and softening)

Thermal 
MSF
Low Temperature Evaporation

Commercial Water Treatment & Recycling 
Processes.

Description of Technology
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Operating Conditions Affecting Output 
Stream Composition

Feedstock solids concentration (ppm)
Temperature
pH
Membrane Type
Trans membrane pressure 
Re-circulation Steps (Separation Efficiency)
Feed flow rate

Membrane (Physical removal)
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Reverse Osmosis Definitions (RO)

�� Salt rejection Salt rejection 

�� Transmembrane pressureTransmembrane pressure

�� Feed, permeate, reject or Feed, permeate, reject or 
concentrate ratesconcentrate rates

�� Fluxes  (volumetric rate/area)Fluxes  (volumetric rate/area)

Feed Flux:  Feed Flux:  JJFF =  Q=  QFF / A/ A

FP CCR /1-=
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Membrane (Physical removal)
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Membrane Desalination Provides 
on-site Water at Competitive Cost.

Membrane mobile units are energy 
efficient and have small 

environmental footprint
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http://www.gpri.org

For more Info see:

Membrane (Physical removal)



Comparison of Desalinated Produced Water with Municipal Comparison of Desalinated Produced Water with Municipal 
Water from College Station. TXWater from College Station. TX



Comparison of Desalinated Produced Water with Municipal Comparison of Desalinated Produced Water with Municipal 
Water from College Station. TXWater from College Station. TX
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On-Going Research Programs 
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Hollow Fiber Membranes 

�� Membranes are designed for colloidal filtration Membranes are designed for colloidal filtration 

�� Modern membranes are robust and find wide application in variousModern membranes are robust and find wide application in various
processes and industries processes and industries 

�� They are energy efficient, small footprint and easy maintenance They are energy efficient, small footprint and easy maintenance and use.  and use.  

��

Membrane (Physical removal)
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Micro Filtration (MF) (10-0.1 mmmmm)
Bacteria, suspended particles

Ultrafiltration (UF) (0.05-0.005 mmmmm) 
Colloids, macromolecules

Nanofiltration (NF) (5e -3-5.e-4 mmmmm)
Sugars, dyes, divalent salt ppts.

Reverse Osmosis (RO) (1.e -4-1e-5 mmmmm)
Monovalent salts, ionic metals

Water

Filtration and Reverse Osmosis: Definitions

X

X

X

Description of Technology
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Nanofiltration Membrane Stage Test
2.10.2009

For more Info see:

Application of Membrane Filtration Technologies to Drilling Wastes Oluwaseun,
Olatubi

New and Emerging Technology

100 psi
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$0.26$0.26$6.20 (est.)$6.20 (est.)$4.20 (est.)$4.20 (est.)$2.00 (est.)$2.00 (est.)Gas well produced Gas well produced 
brine ~ 35,000 tdsbrine ~ 35,000 tds

$0.34$0.34$8.20$8.20$6.00$6.00$2.20$2.20Oil well produced Oil well produced 
brine ~50,000 tdsbrine ~50,000 tds

$0.19$0.19$4.50$4.50$2.00$2.00$2.50$2.50Gas well produced Gas well produced 
brine ~ 3,600 tds.brine ~ 3,600 tds.

$0.08$0.08$1.90$1.90$1.25$1.25$.65$.65Contaminated Contaminated 
Surface water Surface water 

~1,500 tds.~1,500 tds.

Operating Cost, $ Operating Cost, $ 
per bblper bbl

Operating Cost, $ Operating Cost, $ 
per 1,000 gal.per 1,000 gal.

RO RO 
desalinationdesalination

PrePre-- treatmenttreatment

Power Costs Kw Hr per 1,000 gal. PermeatePower Costs Kw Hr per 1,000 gal. PermeateSalinity of Feed Brine, Salinity of Feed Brine, 
tds (ppm)tds (ppm)

Representative power costs of desalination of oil f ield brine

Membrane (Physical removal)
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Energy consumption for  (1) pressurized and (2) atmospheric 
holding tank holding tank system with recycle flow and 
pressure loop controls. Feed flow rate 8 gpm.

SPE 121177  Optimization and Process Control of a Reverse Osmosis Treatment for Oilfield Brines

For more Info see:

Savings of > $1.00 per kgal

New and Emerging Technology 
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Energy Savings with Alternate Power 
and Energy Storage

New and Emerging Technology
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TSS removal from field sample of drilling mud pit. Sample 
after treatment is ready for use in brine based DIF or for 
RO desalination.

Carthage Field Sample. 
Tested July 13, 2007
.

Pretreatment Solids Removal from Waste Brine (Frac flowback) 
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New and Emerging Technology
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Relative Power Costs of Treatment

(1) http://sites.google.com/a/pe.tamu.edu/gpri-desalination-of-oil-field-brine-and-flowback-water/
(2) http://www.iags.org/n0813043.htm
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Business Model for On Site Treatment

Divalents, 
(low psi)

Produced brine

+$$

Brine/oil TSS/TDS Reject

Weighted brine
+$$

Fresh Water

+$$

Profit =      Income (Sales clean brine + Fresh water + produced water pay          
-Cost (operating & reject disposal)

-$$ ?

Pre Treatment
(TSS)

RO Desal.,
(high psi)
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More On-Going Research Programs 
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Where to Go for More Information
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Where to Go for More Information

http://sites.google.com/a/pe.tamu.edu/efd-
alliance/Home
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A&M Membrane Technology Workshops

��

�� 19th Annual Practical Short Course on19th Annual Practical Short Course on
"Membrane / Filtration and Separations Technologies""Membrane / Filtration and Separations Technologies"
April 19April 19 --23, 200923, 2009

��

�� 5th Annual Practical Short Course on5th Annual Practical Short Course on
"WATER Issues & Technologies:"WATER Issues & Technologies:
Process Water, Wastewater, and Desalination"Process Water, Wastewater, and Desalination"

�� August 2August 2--4, 20094, 2009

http://foodprotein.tamu.edu/separations/index.php
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SPE 115587
Oluwaseun, Olatubi, Burnett, D., Hann, R. and 
Haut. R. HARC, “Application of Membrane 
Filtration Technologies to Drilling Wastes,”
SPE 122885
Alternate Power and Energy Storage/Reuse for 
Drilling Rigs: Reduced Cost and Lower Emissions 
Provide Lower Footprint for Drilling Operations
SPE 121178
Evaluation of Renewable Energy as a Source of 
Power for Desalination of Oilfield Brines
Maria A. Barrufet SPE, Texas A&M University and 
Brett C. Mareth, TOTAL Petrochemicals

For more Info see:

New and Emerging Technology
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Whee to Go for More Information

http://www.pe.tamu.edu/crisman/index.html
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Use of Bacteriophages to Control SRB

�� http://sites.google.com/a/pe.tamu.edu/studyhttp://sites.google.com/a/pe.tamu.edu/study--ofof--bacteriophagesbacteriophages--
asas--corrosioncorrosion--controlcontrol--inin--ogog--applications/applications/

�� Phage Remediation of Phage Remediation of sulphatesulphatereducing bacteria (SRB):reducing bacteria (SRB):
�� Phage which target the sulfatePhage which target the sulfate--reducing bacterium reducing bacterium 

DesulfovibrioDesulfovibriovulgarisvulgaris, have been isolated and found to be , have been isolated and found to be 
effective in destroying these evereffective in destroying these ever--present corrosionpresent corrosion--
inducing bacteria. In the picture on the right, test tube A is inducing bacteria. In the picture on the right, test tube A is 
a a D. D. vulgarisvulgaris culture. culture. Test tube B had an identical culture Test tube B had an identical culture 
cleared with cocktail that has at least two types of cleared with cocktail that has at least two types of 
phage. phage. In the photo below, the black speckling of bacterial In the photo below, the black speckling of bacterial 
growth is noticeably prohibited by the activity of two drops growth is noticeably prohibited by the activity of two drops 
of phage cocktail.of phage cocktail.
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Texas A&M Global Petroleum Research Institute

For more Info see:

http://www.gpri.org
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Environmental Issues in O&G Operations – Argonne 
National Labs

For more Info see:

http://www.ead.anl.gov/pub/doc/testimony_veil_final .pdf

TESTIMONY OF JOHN A. VEIL, ARGONNE NATIONAL LABORATORY 
BEFORE THE HOUSE COMMITTEE ON SCIENCE AND TECHNOLOGY  SUBCOMMITTEE ON ENERGY AND 
ENVIRONMENT  CONCERNING: “RESEARCH TO IMPROVE WATER-USE EFFICIENCY AND CONSERVATION: 
TECHNOLOGIES AND PRACTICE” OCTOBER 30, 2007 

http://www.ead.anl.gov/project/dsp_topicdetail.cfm? topicid=18

Oil and Gas Technology Feasibility Studies
The optimal recovery and use of U.S. oil and gas resources requires energy policies and environmental 
regulations based on credible scientific data, assumptions, and analyses. Before new technologies can 
be moved into commerce, their capabilities, cost, risk, and legality need to be determined. Argonne's 
Environmental Science Division (EVS) conducts independent feasibility studies of the technical, 
regulatory, economic, and risk aspects of promising oil field technologies to foster technology evaluation 
and implementation. 
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Staging

Mud Pits

Wellsite Leader’s Trailer

Huisman LOC 400 Light Weight Top Drive Drilling RigHuisman LOC 400 Light Weight Top Drive Drilling Rig

$200,000 Lease 
Discount with EFD 
Sponsorship
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