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balance

between essential resources

The incredible expansion of shale gas developments in North
America has brought with it an expanded demand for water.
Nalco stimulation technologies ensure that water management is
sustainable, both environmentally and economically.

Natural gas plays a key role in meeting the world’s burgeoning energy
demands, and it’s a role that is only expected to increase. In North America
alone, discoveries in the last six years have uncovered vast reserves of
natural gas in tight shale formations. These reserves are estimated at more
than two quadrillion cubic feet of natural gas—a 200-year supply providing
more energy than Saudi Arabia’s 200 billion barrels of oil reserves.

These discoveries have coincided with a rising demand for clean and efficient
energy sources, making natural gas production from tight shale formations
an increasingly attractive enterprise.
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However, the extremely tight porosity of shale

formations means that some form of stimulation is
required to extract the gas entrapped in the rock. The
most commonly used stimulation method—slickwater
fracturing—is a hydraulic fracturing technique in which a
water-based fluid is injected down a well and out into the
shale formation at intense rates and pressures, causing
the formation rock to fracture and opening up channels
for gas to flow to the wellbore. Slickwater fracture (frac)
jobs use an aqueous-based fluid containing a polymeric
friction reducer that allows for faster pumping of the fluid
into the formation, and a granular propping agent—or
‘proppant’—such as sand that is carried into the
formation and serves to hold the fractures open once the
treatment is complete.

Technological advances in friction reducers and
proppants have made hydraulic fracturing an increasingly
reliable and trusted stimulation technique for shale

gas, but a major challenge remains: water. Each stage
of a slickwater fracturing treatment requires tens of
thousands of barrels of fracturing fluid, 90 to 99% of
which is water. Furthermore, each slickwater treatment
generates a great deal of wastewater, much of which

is the fracturing fluid that flows back out of the well
post-stimulation. This flowback water, combined with the
production brine or ‘produced water’ coming out of the
reservoir on a long-term basis, creates a serious water
management challenge—one which Nalco is devoting a
great deal of time and resources to solve.
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Nalco Adomite has worked with our Well Service Company partners in all shale plays shown above
to implement successful fracturing treatments through the use of our diverse product line.

The Produced Water Challenge

Compared to fresh water, produced and flowback water contain elevated
levels of dissolved solids which present processing and disposal
problems. U.S. state agencies responsible for minerals management will
not allow water containing greater than 10,000 ppm TDS (Total Dissolved
Solids) to be discharged into waterways, meaning that water from shale
gas plays has three possible fates. 1) It can be purified using various
treatment methods, many of which may not be easy or cost-effective to
administer. 2) It can be re-injected into underground disposal wells, a
relatively direct approach in western states but more challenging in the
eastern U.S., where access to suitable disposal wells is extremely limited.
3) It can be recycled and reused in subsequent fracturing treatments.

Of the three, reuse is often the most cost-effective and convenient.
Reusing produced water saves money, by reducing both disposal costs
and the need to obtain water for the fracturing treatment. Fracturing one
shale gas well can consume over 3 million gallons of water, and in the
northeastern United States alone, 25 to 30 wells are fractured every day.
With this immense and growing need for water, produced water is quickly
becoming an essential resource.

Produced Water: Problem or Opportunity?

The reuse of produced water may be desirable from a cost-savings
perspective, but it introduces another potential problem—uwill the
fracturing chemical additives be compatible with the high-TDS produced
water? Of particular concern is the potential for elevated mineral ion
levels to inhibit the performance of the friction reducer, the key chemical
component of the fracturing fluid. The quality and composition of produced
water can vary widely, both across North America as well as individual
shale plays. As a result, a friction reducer that is effective in brines with
high concentrations of sodium and potassium may not function well in
hard water (which contains high levels of divalent cations).

The Nalco Adomite Research Group has brought its expertise in water and
polymers to bear on this compatibility concern. The result is an evolution
in friction reducer technology over the past decade to include products
that are effective in high TDS waters. The Adomite Group has developed
an evaluation protocol using a friction loop to identify the most effective
friction reducer for each water situation. For instance, Figure 1 illustrates
the friction reduction performance in the friction loop, over time, for seven
different products in produced water from the Woodford shale.
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Fig 1.  Friction reducer performance in produced water from the Woodford shale
(9.9% NaCl, 1.8% CaCl, 0.4% MgCl, 0.1% KCl, 0.08% SrCl,)
Friction reducer concentration = 0.033%

Figure 2 shows the performance of the same seven products in produced
water from the Marcellus shale. These results demonstrate the need for
careful screening to find an optimal solution. For example, while product
FR-B provides reasonably high friction reduction in less than 1 minute

in Woodford produced water, it provides very little friction reduction in
Marcellus produced water.

Evaluating various friction reducers under a range of water conditions

to find the ideal solution for each field is just one way to improve

the cost-effectiveness of an operator’s shale assets. Another way is
developing improved chemistries that comply with new and more rigorous
environmental regulations while also maintaining high performance, even
in the harshest of fracturing waters.

Meeting the Challenge, Reaping Rewards

As shale gas fracturing activities keep expanding, water demands

will keep rising. Meeting this demand while adhering to tighter water
usage and disposal regulations can be done, but only with a smart and
sustainable water management strategy that includes produced water.
The Nalco Adomite Research Group will keep developing more robust
and versatile fracturing chemistries that will work in any water system,
ensuring that operators maintain sufficient water supplies to complete
their frac jobs and feed North America’s growing appetite for gas.

Ultimer ASP FFR900: Environmentally
Friendly Slickwater Fracturing

Hydraulic fracturing has historically taken place in remote areas of North
America, but no longer. As activity picks up in the Marcellus shale
(spanning five states in the northeastern U.S., including Pennsylvania
and New York), fracturing treatments are now being carried out in more
populated areas and are being met with increasing public scrutiny. As
the industry becomes more regulated, it will need more environmentally
compliant chemicals.
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Fig 2. Friction reducer performance in synthetic Marcellus produced water
(10.6% NaCl, 3.4% CCl, 2.9% CaCl, 0.03% FeSO); Friction reducer
concentration = 0.033%

Nalco has established a set of comprehensive standards in which a
chemical cannot contain:

e Any BTEX, carcinogens, teratogens, reproductive toxins

e Any priority pollutants (U.S. EPA List 40, CFR) or U.S. EPA Safe
Drinking Water Act contaminants

e Chemicals that would be considered persistent, bioaccumulating,
or toxic by North Sea standards

From this set of standards has come an award-winning dispersion
chemistry known as ULTIMER®, a technology that eliminates the
hydrocarbons and surfactants required in standard latex polymer
chemistry, thus providing environmental sustainability gains. Winner

of the U.S. Presidential Green Chemistry Challenge Award, Ultimer is

a strictly water-based chemistry that yields more soluble dispersion
products. These products exhibit greatly improved performance relative
to standard latexes, particularly in heavier brines and marginal waters
with high hardness levels. In addition, they are highly effective in cold-
water conditions, where other polymers struggle.

One of the most recent additions to the Ultimer product line is also one
of the most environmentally benign. ASP®FFRI00 hydrocarbon-free
dispersion polymer meets Nalco standards criteria and exhibits very low
ecotoxicity under North Sea test protocols, as the table below shows. In
addition, the polymer has exceptional friction reduction performance in
waters of even the poorest quality.

ASP FFR900 North Sea Ecotox Data

Test Desired Value (s) | Result Conclusion

28 Day >20% >20% Inherently
Biodegradable Biodegradable

Log P <3.0 -0.9 Non-bioaccumulating

ECso (72 hr)
Skeletonema
costatum

> 10 mg/ml 166 mg/ml | Generally non-toxic
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~ NEWS AND UPDATES

TecFusi®n

Nalco launches new India Technology Center

In August, Nalco opened its new, state of the art Technology Center in Pune,
India. This 38,000 square foot facility will be a primary support center for

the Energy Services business. The facility will eventually employ more than

100 chemists and engineers of which approximately three quarters will have
advanced degrees. The facility will focus on providing technical support to our
customers throughout the Eastern hemisphere. It will subsequently transform into
another Center of Innovation for Energy to complement our other global facilities.
The facility also includes an advanced analytical technologies laboratory that will
provide diagnostic services to a wide range of customers.

R&D social networking

Knowledge is truly a corporation’s differentiator, however, communication often
limits the ultimate success that can be achieved. Nalco brings the strength

of over 600 R&D experts worldwide to bear on solving customers’ technical
challenges in a diverse range of industries and geographies. In order to leverage
this intellectual capital, Nalco recently launched a web-based R&D portal that
leverages the power of social networks. Through this portal, researchers can
readily identify individuals with specific skill sets and capabilities, share technical
information and solicit the community for answers to technical challenges. The
R&D portal truly enhances speed to market for new technologies and facilitates
the development of superior solutions to technical challenges through the
provision of a central connectivity hub. It provides the forum for our distributed
global research team to Connect, Collaborate & Innovate.

Nalco partners with NASA on Tecfusion event

Traditional scientific training can often lead to a linear, siloed approach to
innovation that does not lend itself well to the fast-paced development needs

of the energy industry. Some of the best ideas for new technologies come from
being exposed to areas outside of a person’s direct field of operation. In order to
fuel creativity and drive innovation, Nalco recently partnered with NASA (National
Aeronautics and Space Administration) and Penn State University through the
Tecfusion program. This program was set up to leverage technologies that were
originally developed for the space program and are now being brought to market
by small start-up corporations. Specific technology areas that are of interest

to Nalco were identified, and the extensive database of NASA technologies

was then searched for potential matches. Based upon the results, various
technologies were reviewed by the Nalco innovations team and invitations were
subsequently extended to companies of most interest. A day-long Tecfusion
Summit hosted by Nalco, brought together representatives from these companies
and Nalco researchers to investigate the potential for these new technologies.
The first Tecfusion event was held in Naperville, IL in 2010 and, a second
energy-specific Tecfusion summit was held in Sugar Land, TX in January.
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Publications & Industry Presentations

UPSTREAM

‘Achieving Sustainable, Optimal SAGD Operations’ by
Erick Acosta was published in the Journal of Petroleum
Technology, 2010, 62(11), 24-28.

‘Optimization of a Microbial Control Program to Minimize
the Risk of Microbiologically Influenced Corrosion’ by Vic
Keasler and Brian Bennett was published in the September
2010 issue of Qil and Gas EURASIA.

‘Analysis of Bacterial Kill Versus Corrosion from use of
Common Oilfield Biocides’ by Vic Keasler, Brian Bennett
and H. McGinley was published in the proceedings of the
8th International Pipeline Conference paper # IPC2010-
31593, 2010.

‘Analysis and Identification of Biomarkers and Origin

of Color in a Bright Blue Crude Oil’ by Priyanka Juyal,
Andrew Yen, Stephan J. Allenson , Amy M. McKenna, Ryan
P. Rodgers, Christopher M. Reddy, Robert K. Nelson, A.
Ballard Andrews, Esha Atolia, Oliver C. Mullins, and Alan G.
Marshall (a joint publication with Florida State University,
Woods Hole Oceanographic Institution and Schlumberger),
was presented at Petrophase 2010 and was published in
Energy & Fuels 2011, 25, 172-182.

‘Study of Live Oil Wax Precipitation with High Pressure
Micro-DSC’ by Priyanka Juyal, Tran Cao, David Fouchard,
Andrew Yen and Rama Venkatesan (a joint publication with
Chevron), was presented at Petrophase 2010 and was also
accepted for publication in Energy & Fuels.

‘Flow Assurance in the Ultradeep/Deep Water Regime’
was given by Stephen Allenson as the keynote address in
the Flow Assurance section of Petrophase 2010.

A poster entitled ‘Development and Application of a Scale
Inhibitor for Electrical Submersible Pumps Suitable for
Very Cold Weather’ by Kevin Spicka and Sandra Linares-
Samaniego was exhibited at the 2010 SPE Moscow Oil &
Gas conference.
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DOWNSTREAM

‘Observations from Heavy Residue Pyrolysis: A Novel
Method To Characterize Fouling Potential and Assess
Antifoulant Additive Performance’ was published by Chris
Russell, Ron Sharpe and Simon Crozier in the September
2010 issue of Energy & Fuels 24, 5483-5492.

‘Analytical Characterization of Sediment Formed in Soy
Oil-Based B20 Biodiesel’ by Timothy P. McGinnis and Kim
B. Peyton was published in the September 2010 issue of the
Journal of ASTM International, Vol. 7, No. 8.

‘Mitigate Corrosion in Your Crude Unit’ by Nigel P. Hilton
was published in the September 2010 issue of Hydrocarbon
Processing, Vol. 89, No. 9.

‘Opportunities, Problems, and Solutions’ a paper focusing
on the desalting of heavy and high solids crudes, by Brad
Mason and Sam Lordo was published in the March 2010
issue of Hydrocarbon Engineering Vol. 15, No. 3., 48-57.

‘Quench Oil Fouling and Viscosity Control in Primary
Fractionators’ by Maria Beata Manek, Meha Shah, and
Daniel Frye was presented at the March 2010, 13th Annual
ARTC (Singapore).

‘Fortis® Metal and Popcorn Passivation of Butadiene
Units: An Environmentally Friendly Alternative’ by Jessica
Hancock, Maria B. Manek, Robert Presenti, Lisheng Xu
was presented at the September 2010, BASF Licensee
Experience Exchange Meeting (Vienna, Austria).

‘Process Gas Compressor Fouling & Washing Mitigation:
A Better Understanding of Fouling Phenomenon &
Compressor Design Techniques’ was presented by Satoshi
Hata, Junichi Horiba, and Sheri R. Snider (joint presentation
with Mitsubishi Japan) at the March 2010, AIChE Spring
Meeting and 6th Global Congress on Process Safety.

CUTTING EDGE 19



Nalco Company’s Energy Services
Division has outstanding opportunities
for excellent scientists in all areas of
the oil and gas industry. From the
‘perforations to the gasoline pumps’,
Nalco’s team of scientists provide
cutting edge, cost-effective solutions tc

Ina dynamicenvironment,
grapplingvithsomeof the
mostcritical researchand
technologicathallenges
facingourworldtoday?

critical real-world problems. Whether
it's helping to maximize oil and gas
production in a declining asset,
ensuring the safe and reliable
production from extreme environment:

like ultra-deepwater, or minimizing AlOﬂgSidGNOI"d-ClaSS

scientists,renownedglobally
fortheirtechnicalexpertise?

energy consumption during refining "'.-
operations, Nalco has a team of highly _
trained scientists driving innovation in
this technically demanding field.

Fora companycommittedo
makinga differencein thelives

of theworld’spopulation?

Our global R&D Center is located in
the beautiful city of Sugar Land, just ="
outside of Houston, Texas. Our new R&[R_
Center serving the eastern hemisphere ! s
is located in Pune, India. We have
excellent opportunities at both locatior
for outstanding, innovative scientists,
preferably with a PhD in a technical
discipline. Prior exposure to the oil
industry is preferable but not a
prerequisite. Strong communication
skills, a willingness to travel,and a
creative, positive attitude are essential.
Nalco Company offers a competitive h
salary and an exceptional
benefits package.

M4\ ALcO

Essential Expertise
for Water, Energy and Air*
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