|

L Annovauve Energysoiutions

Pipeline Inspection Technologies

Carbon Sequestration Research
ruel Lell Development for the Vilitary
blobal Capital Froject Support

Lontaminated sediment Wanagement

Highlights of Battelle's International Energy,

ETEUpdates

Transportation, and Environmental Leadership




| — D (11—

I m\ulm Innovative f*nenn; \u/uimnu

Around the (II()])E

—re =
nternational competition for energy 2S5
ing in rising energy costs for consumers, tops daily
news reports. Oil prices are at an all-time high.

Historically, the cost and availability of various forms of
energy have been cyclical. Many of us can remember
waiting in long lines for gasoline and paying astronomical
heating bills during the 1970 energy shortages.

However, today additional pressures on energy supply
could mean high energy costs are here to stay. We’re liv-
ing through a period of unprecedented global economic
growth. Developing nations such as China and India are
rapidly becoming world economic powers. Simply put,
the demand for energy is growing rapidly and outpacing
supply.

As energy prices continue to rise and other factors
come into play affecting optimal choices for energy
supply and use, facility operators are faced with the task
of reevaluating their energy infrastructure. In addition to
high energy prices, factors such as reliability in the face
of electric grid instability, fuel disruption, environmental
regulations, conservation incentives, and physical threats
such as terrorism must also be taken into account.

Battelle has a history of assisting facility operators and
planners in providing comprehensive and objective tech-
nology-based support for making such evaluations. In

result-
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ave been dlrectly involved
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in the development and evaluation of advanced energy
technologies such as innovative cogeneration systems;
tuel cells; renewable energy systems; and energy-conserv-
ing, end-use devices.

In the past, Battelle has conducted energy master plan-
ning studies for a number of major campus-like facili-
ties including the Sewells Point Naval Complex, various
Air Force Logistic Command Bases, the University of
Cincinnati, the U.S. Environmental Protection Agency’s
A.W. Breidenbach Research Center in Cincinnati, Ohio,
and others. Energy master planning studies involve
comprehensive reviews of facility energy flows, usage
cycles, technologies used, and costs. Opportunities for
reductions in energy use, efficiency improvements, and
cost savings are identified from the results and recom-
mended for implementation. Battelle has also developed
and deployed the Decision Support for Operations and
Management (DSOM) suite of technologies (see http://
www.pnl.gov/dsom/), which has helped various facility
operators improve energy efficiency, increase reliability,
and reduce cost.

For additional information on Battelle’s Innovative
Energy Solutions, please contact Dr. Steve Ricci at
(614) 424-4359, ricci@battelle.org, or Mr. Dave Ball at
(614) 424-4901, balld@beattelle.org.
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Pipeline infrastruc-

ture is a critical
element in the energy
delivery system across
the United States.
Its failure can affect
both public health
and safety directly and
indirectly through
impacts on the energy
supply.

With passage of the
Pipeline Safety Im-
provement Act (PSIA)
in 2002, industry is
now required to invest
significantly more capi-
tal to inspect and main-
tain their systems. The
PSIA requires enhanced
maintenance programs and
continuing integrity inspec-
tion of all pipelines located with-
in “high consequence areas” where
a pipeline failure could threaten public
safety, property, and the environment. Inspec-
tion of the pipeline from the inside, commonly referred
to as “pigging,” is a reliable and economical method to
meet this requirement. However, a large percentage of
these pipes cannot be inspected using typical pigs due
to diameter restrictions, pipe bends, and valves. In other
pipe infrastructure, pressure differentials and flow are too
low to move a pig forward.

To enhance safety for unpiggable pipelines, research
programs have been initiated to develop advanced in-line
inspection (ILI) technologies capable of maneuvering
around the various pipeline restrictions/limitations to
detect mechanical damage, corrosion, and other threats to
pipeline integrity. Through these efforts, several projects
have matured to a stage where practical demonstration of
their detection capability is necessary.

With funding from the Pipeline & Hazardous Mate-
rials Safety Administration (PHMSA), Pipeline Safety
R&D Program, and the Department of Energy National
Energy Technology Laboratory (NETL) Gas Delivery
Reliability Program, Battelle developed and conducted
live technology demonstrations for several of these in-
novative pipeline inspection technologies.
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Battelle was instru-
mental in developing
the demonstration
protocol, collecting
field pipe samples
with corrosion and
stress corrosion crack-
ing anomalies, manu-
facturing pipe samples
with corrosion and
mechanical damage
anomalies, providing
facilities to conduct
the demonstration,
and supplying docu-
mentation of the pipe
samples and inspection

results.

While research re-
ports, review meetings,
and conference presenta-
tions are commonly used to
disseminate information, live
demonstrations provide additional
information on the current state and

tuture potential of each development. Dem-

onstrations are challenging to technology developers be-
cause newly developed technologies must be sufficiently
reliable to obtain results in a fixed time frame. While the
pressure to demonstrate the best capability of their tech-
nology advances is enormous, the developers understand
these events are needed to bolster support for continued
development.

With the ultimate goal of ensuring the safe, reliable,
and environmentally sound operation of the nation’s
pipeline transportation system, in-field technology
demonstrations are necessary to facilitate technology
transfer from government-funded R&D programs and to
strengthen communication and coordination with indus-
try stakeholders. Through these eftorts, it is anticipated
that prototype systems can be built to traverse all pipes
(including unpiggable lines) of various diameters while
providing continuous, real-time detection of pipe anoma-
lies or defects.

For additional information on Battelle’s pipeline safety
and security capabilities, contact Dr. Bruce Nestleroth at
(614) 424-3181, nestlero@battelle.org.
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( :arbon sequestration is partof

an energy strategy aimed at mitiga{ i
ing carbon dioxide (CO,) emissions
and reducing the potential impact. | |
of those emissions on climate
change. Itincludes both terres-
trial and geologic sequestration.
Terrestrial sequestration removes
CO, already in the atmosphere
and stores it in plants and soils.
Geologic sequestration captures
CO, from power plants and other
industrial facilities and injects it into _
carefully chosen geologic formations where .
it is permanently stored deep underground.

The Midwest Regional Carbon Sequestration Partner-
ship (MRCSP) is one of several programs led by Bat-
telle in the carbon sequestration area. It was formed in
2003 as a part of a national effort sponsored by the U.S.
Department of Energy’s National Energy Technology
Laboratory to address the increasing amount of CO, in
the atmosphere. Today the MRCSP includes over
30 partners representing the public, private,
and research sectors of Indiana, Kentucky,
Ohio, Maryland, Michigan, Pennsylvania,
and West Virginia (see www.mrcsp.org).

In Phase I of the program, the MRCSP
identified the sources of CO, emissions in
its region and opportunities for both terres-
trial and geologic sequestration. During this
phase, the MRCSP also studied potential
options for transporting CO, and regula-
tory frameworks and began a major effort to
inform and engage stakeholders in its region
about sequestration and the MRCSP project.
As a result of Phase I research, the MRCSP
concluded that the region has substantial
terrestrial and geologic storage resources.

The MRCSP’s four-year, Phase II research
program commenced in the fall of 2005.

It is building on the Phase I effort by con-

Vibrosas trucks—also called

thumper trucks—are used to B [aunch the first systematic attempt to
genarate wibrations in the ground,

Once the vibrosais data am gath-
erind, thay am processed wsng
comgiuier 10 produce a regresenta-
tan af the mock layers in the sureey
area, The represemation & ten in
tarpratid by the genlogic team io
ke o proliminary evalistion of

ducting a series of field validation tests in
a variety of land and geology types to
determine how the region’s seques-
tration potential can be used to
advance economic growth while
protecting the environment.
Specifically, the MRCSP will:
B conduct three small-scale
CO, injection field tests in the
region’s deep geologic reservoirs
to demonstrate the safety and
4 effectiveness of geologic seques-
tration systems. Detailed studies
will determine whether these sites are
geologically suitable before injection tests begin;
B conduct three small-scale field validation tests of ter-
restrial sequestration to show how the stored carbon
can be measured and monitored;
B implement an innovative “piggyback drilling” program
pioneered by Battelle that will allow the Partnership
to leverage the ongoing and extensive investments
made by local oil and gas drilling companies to gather
“real-world” sequestration-related data, such
as core samples from deep geologic formations;
B continue crucial work initiated in Phase I
to further map and define the sequestra-
tion potential of the region;
B continue to develop an understanding of
key regulatory issues; and

engage and inform stakeholders in the
region about this important class of
technologies.

For more information about MRCSP or
Battelle’s role in other carbon sequestration
programs, contact Mr. David Ball at
(614) 424-4901, balld @battelle.org, or
Dr. Neeraj Gupta at (614) 424-3820,

gupta@battelle.org.

thir potantial capabilites al tho sib-
surface formatians for CO, storage
The nest step would bs to gathar
lncal, detailed indormation by drilng
throwgh the tormations: of interest

4 SUMMER 2006



)11 ) 1 —

Battelle Powers tlze M1/1tary with a
Cleaner and More E 101ent1y Used Fuel

Running a noisy, hot
generator in a war
zone can give away your
position. Not running
it can leave you without
power for communica-
tions, air-conditioning,
heat, and other critical
systems. Researchers at
Battelle Pacific North-
west Division are devel-
oping methods to enable
use of existing military
tuel for fuel cells, which operate
silently and at increased efficiency. The
reduced acoustic and thermal signature

is a distinct benefit in military environ-
ments.

Through the Tank Automotive
Research, Development and Engineer
Center (TARDEC), Battelle is develop-
ing a single system to convert military fuel
(JP-8) into sufficient hydrogen to generate
10 kW of electrical power, which is
enough energy to run critical air-condi-
tioning or communications systems for
hours inside an armored vehicle.

Poisonous sulfur

The military has long used logistics
tuels. However, these fuels, such as jet
tuel or diesel, contain sulfur that is poi-
sonous to fuel cells.

“Because the sulfur content of logis-
tics fuels is damaging to both the fuel
reforming catalyst and the fuel cell itself;
one of the key technical challenges for
tuel cell systems is the requirement to
remove sulfur from the fuel prior
to reforming to prevent system

What is a Fuel Cell?

A fuel cell combines hydrogen
and oxygen to produce electricity,
with water and heat as by-products.
As long as fuel is supplied and
conversion to hydrogen is provided,
the fuel cell will continue to generate
electrical energy.

Because the conversion of the
fuel to power takes place via an elec-
trochemical process, not combus-
tion, the process is clean, quiet, and
highly efficient — up to three times
as efficient as conventional internal
combustion engines.

No other energy generation
technology offers the combination
of benefits that fuel cell systems do.
In addition to increased efficiency,
benefits include reduced emis-
sions, increased reliability, multi-fuel
capability, durability, and ease of
maintenance.

In addition, waste heat from a
fuel cell can be used to provide hot
water or space heating, or to drive
other heat-actuated systems.

degradation,” says Dale
King, TARDEC project
manager.

Battelle’s fuel cell
power system operates
by significantly reduc-
ing the level of sulfur
in the fuel, then con-
verting it to hydrogen
in a Battelle-developed
microchannel steam
reformer. Reformation
of battlefield fuels to
hydrogen allows use of
the fuel cell to generate electricity.

This project leverages previous
efforts internally funded by Battelle
for microchannel steam reforming of
synthetic jet fuel, and by TARDEC for
desulfurization technology research.

Prototype fuel cell auxiliary power
unit demonstrated

Battelle previously demonstrated the
conversion of sulfur-free diesel for fuel
cell power generation on an armored
vehicle. Engineers at Battelle inte-
grated and installed a fuel reformation
and hydrogen purification system in a
prototype fuel cell auxiliary power unit
and operated the unit on sulfur-free
synthetic jet fuel.

Aside from military vehicles, this
technology can be applied in many areas
where generation of electrical power is
needed and small size and high perfor-
mance are important.

For additional information, please
contact Mr. Dale King at

(509) 376-6282, dale.king@pnl.gov.
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Battelle Provides Global
Capital Project Support

S ince the initial discovery of oil within Nigeria dur-
ing the 1950s, the country has grown to be the
eighth largest exporter of oil in
the world, and the fifth larg- o
est source of imported oil
for the United States.
Most of Nigeria’s

oil and gas reserves

-

are located in the

Niger River Delta

and adjacent

offshore region

where significant
environmental chal-
lenges exist. The devel-
opment of major projects
aimed at ending gas flaring (combustion of
surplus gas produced in association with oil
production) by 2008 has been one of the high-
lights of the past three years in the Nigerian energy
sector.

Working in conjunction with a local Nigerian
consultant and its multinational oil and gas cli-
ent, Battelle helped perform an Environmental
Impact Assessment (EIA) for a proposed natural
gas liquids (NGL) project. The project will make
beneficial commercial use of oftshore gas reserves by
recovering, processing, and exporting the propane and
heavier NGL components of the gas stream that would
otherwise be re-injected back into the underground oil
reservoir.

The EIA study was conducted in conformance with
Federal Ministry of Environment and Department of
Petroleum Resources requirements. Baseline surveys were
conducted during the dry and wet seasons at more than
80 stations, including oftshore, nearshore, and onshore
locations. Sampled media included sediment, soil, water,
and air (including noise). Socioeconomic surveys of poten-
tially affected communities were also undertaken.

The results of the EIA and review of existing opera-
tions provided evidence that adding the proposed NGL
facility would have minimal incremental and cumulative

impacts on the environment. The EIA also

demonstrated that the development
could be safely constructed and oper-
ated in compliance with applicable
regulatory requirements. The
project will result in substantial

environmental and economic
benefit for Nigeria including:

B recovery of

high-value NGL

that, in the absence
of the project,
would be lost;
B generation of ad-
ditional revenues;
B cnvironmental conserva-
tion through replacement
of existing pollution control
measures and improvements
to process systems’ reliability;
B provision of employment
and skill acquisition opportuni-
ties for Nigerians;
B maximization of Nigerian content
for new facility components;
B improved economic viability for
future development of satellite fields; and
B sustainable development of economic resources for
future generations.

For more information, contact Mr. Alan Tilstone at
(781) 869-1407, tilstonea@battelle.org, or Dr. Bernhard
Metzger at (781) 869-1409, metzgerb@battelle.org.
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Managing Contaminated

Sediments m Brazil

Battelle staff members were recently approached by a
client from a Brazilian energy company, who stated,
“We know of Battelle’s reputation in contaminated sedi-
ment remediation and we need your technical support.”
The energy company had operated a prototype oil shale
processing plant since 1972. During the first six years of’
its operation, the spent shale was discharged to a man-
made reservoir that had been built for the discharge. An
environmental survey of the reservoir
revealed an accumulation of arsenic.
Although a risk assessment had indi-
cated a very low level of health risk to
the public, the company was sensi-
tive to public concerns about possible
exposure and agreed to address the
sediment problem. Subsequently, the
company entered into an agreement I
with the state environmental regula-

tory agency to implement a remedy.

After a review of the alternatives, company decision
makers concluded that removing the impacted sediments
would create a more serious environmental and public

health risk than leaving them in place; a sediment cap was
determined as the only feasible alternative.

Sediment capping is a containment technology accept-
ed by the U.S. Environmental Protection Agency (U.S.
EPA), in which the sediment is isolated from the aquatic
environment by depositing a layer of material on the
sediment surface. The specific material is selected accord-

i
“We know of Battelle's
reputationin contaminated
sediment remediation and
we need your technical
support.”

F

ing to characteristics of the site and remediation goals,
but could include sand, clay, or a more reactive material.
Multilayer caps composed of different materials are also
used.

Adding to the unique challenges of sediment-capping
projects, this is the first use of sediment-capping technol-
ogy in Brazil. Battelle remediation specialists have taken
on the assignment to guide the company and its sub-

contractors through the process of

Jp— characterizing the site, verifying the
effectiveness of a sediment cap in
this application, designing the cap,
observing installation, and oversee-
ing the performance monitoring. A
key element of the design will be the
cap materials, thickness, and place-
ment method.

A subordinate, but equally im-
portant role is to convince the regu-
lators and, by extension, the public, that a sediment cap is
the right technology for the job. This is being done through
a series of briefings and information-sharing sessions
with the regulators, coupled with U.S. EPA and sedi-
ment-capping site visits in the United States to acquire
first-hand assurance that sediment-capping is indeed an
accepted remediation option. The project is currently in
the design phase.

For more information, please contact Mr. Don
Salmond at (781) 869-1408, salmondd @battelle.org.
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