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“Program for the Beneficial Use 
of Oil Field Produced Water”
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Environmentally Friendly Drilling

Assessment of Factors Involved in Assessment of Factors Involved in 
Development of Natural Gas Resources in Development of Natural Gas Resources in 

Environmentally Sensitive EcosystemsEnvironmentally Sensitive Ecosystems

The successful development of secure energy resources 
for America depends on three critical factors, 

(1) investment capital, 
(2) technology to find and develop the resources, and 
(3) permission to access those resources (Societal cost)



Unconventional Petroleum Energy 
Resources:

Facing the Environmental Issues

What is the “Societal Risk” of the 
Development of the Shale Gas 

Resources? 

Access to Resources
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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

Barnett Shale Well Equivalent to City of 4,000 Population

Water UsageWater Usage Well OperationsWell Operations City Operations(1)City Operations(1) CommentsComments

Water UsageWater Usage 5 million gal5 million gal 18 million gal (3 18 million gal (3 
mo.)mo.)

55--6 mm gal frac. 16 mm gal frac. 1--
2 mm gal well ops.2 mm gal well ops.

Power UsePower Use 7,500 HP7,500 HP 6 MW (8,000 Hp)6 MW (8,000 Hp) Avg. SCR rigAvg. SCR rig

Solid Waste Solid Waste 43,000 lbs. (wbm, 43,000 lbs. (wbm, 
7,000 ft well)7,000 ft well)

55,000 lbs (3 55,000 lbs (3 
months)           months)           

3 mo. Ops.3 mo. Ops.

Unit BudgetUnit Budget ~$ 2.2 MM~$ 2.2 MM ~$1.7 MM ~$1.7 MM 3 mo. Ops. 3 mo. Ops. 

(1) Based on comparison to  Andrews TX city budget (pop.9,600) 2008 FY



We We CanCan Reduce the Environmental Reduce the Environmental 
Footprint of O&G Operations!Footprint of O&G Operations!

Staging

Mud Pits

Wellsite Leader’s Trailer
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Applications for Water Cleanup              
(Pre-treatment & Desalination

Oil Field Brine Reuse Brackish Ground water Desal
Impaired Surface Water Treatment

Chief driving force for 
O&G brine cleanup is 
avoiding the expense of 
disposal slide 4)

There is a greater than 50 year supply of 
water available from brackish ground 
water aquifers in Texas

Pre-treatment with membranes can 
make remove impurities from 
contaminated surface water sources

55%

20%25%

Advantages
Demand for fresh water is increasing its value. 
Proximity of the water resource to the place of use.
Disposal of waste brine into depleted oil & gas zones.

Disadvantages
Additional cost of demineralization of water.
The (probable) salinity of the produced brine. 
Environmental compliance issues.

Premise:
Fresh water resources from desalination of 
wastewater including oil field brine.



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

Membrane Filtration : Definitions
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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
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Membrane (Physical removal)
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Why 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.  

13

Membrane (Physical removal)

Membrane Desalination Provides 
on-site Water at Competitive Cost.

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)



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)

Colloidal filtration results

�� Two membrane types were used the hollowTwo membrane types were used the hollow--fibre membrane and the fibre membrane and the 
ceramic membrane ceramic membrane 

�� There was flux decline over time but flux rates were impressiveThere was flux decline over time but flux rates were impressive
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TSS removal from field sample of drilling mud. Sample 
after treatment is ready for use in brine based DIF or for 
RO desalination.

Carthage Field Mud Sample. 
Tested July 13, 2007
Flow Rate Initial 210 ml/min
Final 185 ml/min.

Solids Removal from Drilling Fluid using Microfiltr ation 
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RO Quality Specification

2.0 3.0 4.0 6.0

Details of Water Treatment Module   

Size of Unit: Trailer or Skid  Mounted
Capacity of Unit 1500 - 3,000 gal./day (1-2 gpm)

Components Prefiltration conditioning
Membrane filters (upstream)
Membrane filters polishing
Robust, online, remote 

sensor monitoring
Water storage

Power Requirements 220v  max. 5hp motor. (est.)
Operations: Operate unattended.

Servicing Schedule weekly



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



Business Model for On Site Treatment

Operating cost

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)
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Salinity of Feed Brine, Salinity of Feed Brine, 
tds (ppm)tds (ppm)

Power Costs Kw Hr per 1,000 gal. PermeatePower Costs Kw Hr per 1,000 gal. Permeate

PrePre-- treatmenttreatment RO RO 
desalinationdesalination

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

Operating Cost, $ Operating Cost, $ 
per bblper bbl

Contaminated Contaminated 
Surface water Surface water 

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

$.65$.65 $1.25$1.25 $1.90$1.90 $0.08$0.08

Gas well produced Gas well produced 
brine ~ 3,600 tds.brine ~ 3,600 tds.

$2.50$2.50 $2.00$2.00 $4.50$4.50 $0.19$0.19

Oil well produced Oil well produced 
brine ~50,000 tdsbrine ~50,000 tds

$2.20$2.20 $6.00$6.00 $8.20$8.20 $0.34$0.34

Gas well produced Gas well produced 
brine ~ 35,000 tdsbrine ~ 35,000 tds

$2.00 (est.)$2.00 (est.) $4.20 (est.)$4.20 (est.) $6.20 (est.)$6.20 (est.) $0.26$0.26

Representative power costs of desalination of oil f ield brine

Membrane (Physical removal)



Findings 

�� A&M investigated the filtration of water based E&P wastes A&M investigated the filtration of water based E&P wastes 
(produced water and spent drilling fluids) using ceramic (produced water and spent drilling fluids) using ceramic 
membranes and hollow fiber membranes.membranes and hollow fiber membranes.

�� The key findings were The key findings were 

a)a) That in the filtration of spent drilling fluids using ceramic That in the filtration of spent drilling fluids using ceramic 
membranes I had 97% solids removal, concentrating the waste membranes I had 97% solids removal, concentrating the waste 
to 60% of its original volume and extracting oilto 60% of its original volume and extracting oil--field refield re--
useable water. useable water. 
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Findings 

�� That based on turbidity values we removed 99% of suspended That based on turbidity values we removed 99% of suspended 
solids in the filtration of produced water and produced an solids in the filtration of produced water and produced an 
effluent that is suitable for desalination or could be reeffluent that is suitable for desalination or could be re--used in used in 
oil and gas operations or treated for reoil and gas operations or treated for re--use depending on the use depending on the 
need.need.

�� That a lowThat a low--foot print membrane treatment system could be foot print membrane treatment system could be 
developed if there is an incorporation of the knowledge of developed if there is an incorporation of the knowledge of 
membrane operational parameters, feed parameters effects and membrane operational parameters, feed parameters effects and 
fouling mitigation technology in such a treatment systemfouling mitigation technology in such a treatment system



Next Step in Research

Development of multi-functional mobile 
pretreatment unit to place on site.

ALL frac flowback and produced brine will require 
pretreatment before ANY subsequent treatment.

Target: Marcellus Shale

Where to Go for More Information



A&M Desalination Workshop
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Texas A&M Global Petroleum Research Institute

For more Info see:

http://www.gpri.org SPE Tight Gas Conference, 2009 

Environmental Issues in O&G Operations

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. 

http://www.gpri

SPE Tight Gas Conference, 2009 
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As the energy industry adopts and uses a more 
environmentally-friendly approach, current 
governmental regulations limiting the E&P of O&G 
in desert ecosystems should:

n = 810
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