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Produced water background...

e Byproduct of oil and
gas production

— Trillion gallons
produced each year
from Gulf of Mexico
operations

— $105/day for operation
of one well

— New well can be
several tens of millions
of dollars
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e Produced Water
Contaminants

Organics (soluble or
dispersed)

Heavy metals (e.g. Hg)
Radionuclides
Treatment chemicals
Salt

Hydrogen sulfide
Ammonia
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Organics

e \Water Soluble e Water Insoluble
— Phenols — Long chain paraffins
— Carboxylic acids — Asphaltenes
(C2-Cy) _ — Resins
-~ ,(A\Br_cl)_lrzn%tlc compounds _ PAH
— Short chain paraffins — Napthalenes
— Ketones, aldehydes — thiophenes

— Nitrogen and sulfur
containing compounds
(amines..)

— Chlorinated
compounds
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Current practices - Offshore

Strict regulatory limits

Contamination regulated by National Pollution Discharge Elimination System permits
(oil and grease discharge to 42 mg/L daily maximum, 29 mg/L monthly average),

no visible sheen, annual toxicity, no priority pollutants

Concern is how to measure and remove trace amounts of oil and grease before

discharge back into the environment

e Treatment and disposal by

— Carbon adsorption

— Filtration

— Air stripping

— UV light

— Chemical oxidation

— Biological treatment

— Dispersed oil removed by density
differences

— Acid springing

— Subsurface reinjection

— A Survey of Offshore Oilfield Drilling
Wastes and Disposal Techniques to
Reduce the Ecological Impact of Sea
Dumping by Jonathan Wills, M.A.,
Ph.D., M.Inst.Pet., for EKologicheskaya

Vahkta Sakhalina (Sakhalin
Environment Watch); 25th May 2000

e Problems

Pretreatment required

Fouling, scaling

Off-gas, radioactive waste, toxic
residues

Downtime

Residence time

Cost

Buffering by oil can affect
removal efficiency

Depends on types of WSO and
especially for new wells,
properties and amounts of WSO
not well known.

Polar WSO (extractable organics)
concentrations can be as high as
1000 ppm

Technologies untested



Produced Water Research at ORNL

e Measurements of contaminant e Testing of methods for
concentrations using chemical remediation of produced water

analysis techniques
— Downhole separator

e Modeling of produced water (Dr. Counce, Dr. Perkins —
contamination based on chemical Chemical En’gineering)
thermodynamics

i — Ozonolysis

e Development of a predictive (Dr. Thomas Klasson — ORNL)
model based on statistical '
analysis — Bioremediation

e Development of a sensor for (Dr. Abhijeet Borole — ORNL)
organic contamination — Liquid-liquid separations

—  First step is to measure solubility (Dr. David DePaoli — ORNL)
of contaminants in ionic liquids -
(Summer 2003) :

— Use quartz crystal microbalance
to measure organics online
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Characterization of Produced Water
(Debbie Bostick, Catherine Mattus, Huimin Luo)

e Analysis of oll

e Analysis of water
contacts

e Solubllity as a function

of

- pH,

— temperature

— pressure

— water-to-oil ratio
— salinity

e GC,IC,ICP

Produced
Water

Acidify to pH2
with HCI

Add surrogat

, Inorganic
Analysis

recovery
standards

GC/FID of
Total Extractable
Material

GC/FID
of Hexane
Extract

GC/FID for
Aliphatic
Hydrocarbons

IR Analysis

Gravimetric
Analysis

Asphaltenes

GC/FID for
Polar
Hydrocarbons

Methylene
Chloride
Extraction

Convert to
Hexanes
Refrigerate

Open Column
Separation

GC/FID for
Aromatic
Hydrocarbons




Concentration (mg/L)

In(concentration/(mg/L))

Results of Analysis
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Model to Predict Solubility of
Organics in Produced Water

e Empirical model
— Trend line through experimental data set, correlation coefficient

e Thermodynamic model
— Assume chemical equilibrium for a defined system
— Chose physical model for each phase — UNIFAC activity coefficients

— Generate solution based on iterative solution of the Rachford-Rice
equation for mole fraction and phase split

e Statistical model
— Generate correlations/regressions based on “training data set”
— Partial least squares approach — stepwise decomposition of matrices
of independent and dependent variables

— Apply matrices (loadings, weights) and regression coefficients to
generate new response variables based on input data
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Effect of OiIl Chemistry

Contact
Components |Crude#1 Produced
Water
Aliphatic 67+ 8% 1+1%
Aromatic 18 +11% 1+1%
Polar 15+ 3% 96 + 3%
Contact
Crude#2 Produced
Water
Aliphatic 26, 40,6% 5+ 2%
Aromatic 57,45,7% |50 + 20%
Polar 17,13.7% |40 = 20%
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So much for the
empirical
approach to
modeling...

Dependence on Salinity
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Thermodynamic
Measurement and Model of Polar Model g

Organics in Produced Water as a o
2 phase liquid-liquid

Function of pH equilibrium

UNIFAC activity
357 coefficients
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Results:

Concentration (mg/L)
o

= Most soluble organics
are polar — NOT oil and
grease

Solubility most sensitive
to pH, presence of polar
groups (COOH, C=0,
OH)
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Results of Statistical Analysis

PLS Prediction of Solubility
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What Model iIs

Most Useful?
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In this particular application, statistical approach most

appealing
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Future Direction of Research?

Offshore Onshore

o Statistical modeling e Statistical modeling
based on world-wide based on local or
data set regional data

e Volatile organics e (as separations

e Oil and grease o Salinity
detection (on-line) and o Target beneficial use
removal of produced water or

e Implementation in design of separators
planning/design of
well
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