
The need to clean up contaminated sites has led to the development of new
technologies and capabilities at the national laboratories. Some examples of these
are the development of instrumentation and techniques for the rapid characterization
of contaminated sites, the use of advanced computers for the modeling of
contaminant plumes, testing and validation of in-situ and pumped slurry reactors,
new methods for the stripping of organics from aquifers and recovering the
organics, and site restoration experience-- returning environmentally distressed
lands into productive use.
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Advanced Instrumentation is Used for Rapid
Site Characterization and Assessment
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To more rapidly characterize and assess environmentally damaged sites, the
laboratories have developed instrumentation and sampling techniques. These
include such items as a cone penetrometer,that allows sampling up to 100 feet deep
in appropriate soils without drilling and not requiring the use of drilling muds.
Other examples include the use of electrical resistance tomography to monitor the
rateand location of steam stripping(see slide 13)
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An Interdisciplinary Team is Using High
Performance Computing Technologies
to Model Contaminant Migration

Velocity Magnitude
Computed by ParFIow

Subsurface heterogeneities give
rise to preferential flow channels
which lead to fingering in the
contaminant migration,
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When trying to tracka spill from several decades ago, through the unsaturatedand
saturated zones, the use of high performance computing capabilities of the
laboratories is being applied to the modeling of contaminant plumes. Subsurface
heterogeneity can give rise to preferentialflow channels which can lead tofingering
in the contaminant migration. The right side illustrates the velocity magnitudes,
showing a region of dense clay which has blocked the flow of the contaminant,
with the different velocities through the uneven porosity being shown in different
colors.
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The LaboratoriesUse Innovative
Soil RemediationTechnologies
for In-Situ Cleanup
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The photo on the left shows laboratory apparatus used to dcvclop an innovadvc
stripping tcchnology. The mixcr attached to thc crane is an artists drawing of an
application used to clean up TCE at Portsmouth. A site of one acre 22 feet deep
was rcmcdiated with 95-98% removal of the organics. "Fnissite was a former land
farm. Hot air was injected at the trailing edge of the blades of the augur, which is
I0 fcct in diameter, and the vapors were collected by a shroud at t_ surface. This
technique saved DOE --$20 million over what had initially be_n planned for the
removal, extraction, andrcplacezncntof the soft.
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A Dynamic Underground Stripping Process hasbeen Demonstrated
to be 50 Times More Effective than Pump-and-Treat
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A dynamic undergroundstrippingprocess has been developed for the removal of
organics from underg/'oundspills. Tl'dsprocess has been shown to be over 50
times as effective as conventional pumpand treat,recoveringove.r7400 gallons of
gasoline from an estimated6200 gallons trappedin soil both above and below the
water table.

Steam is injected into the formation, the steam dales the formation, and drives t_
volatiles into the vapor phase. Vacuum extraction p_ the material out from a
centralwell

To monitor the dynamicstrippingprocess, imaging methods are used to map the
boundarybetween the contaminatedzone and the coo, damp surroundingareas.
Electricalresistance tomographyhas proven to an effective imaging technique for
near re.-time images of tl_ heatedzones.
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Environmentally Distressed Sites
Have Been Effectively Restored
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This slide shows a before _d after shot of an environmentallydistressed area. This
was an abandoned coal mining area, with a polluted stream and eroded soil that
could not support vegetation. Restoration of this site resulted in the photo on the
right, with a meadow, pond and stream. Similar restorations have been done for
the DOD, repairing the damage done from tank traininggrounds.
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The Laboratories Strengths in the Area
of Advanced Base Technology Can
Complement Refinery Development Needs

NDE
Catalyst by Design

Sensors
Two-Phase Heat Transfer

Compact Heat Exchangers
Fluid Bed Modeling, Erosion/Corrosion

Computer Simulation
Membranes

Chemical Reaction Modeling
Combustion Science

Adsorption
Refinery Model Simulation

Process Unit Integration
Synthesis of Molecular Sieves

Catalytic Oxidation of Hydrocarbons
Organic/Fluid Fouling

Extraction
CatalyticEmissionsControl

EnvironmentalControlCatalysts
SolidAcidCatalyst

Distillation

Levelof Effort
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The area of Advanced B_aseTechnology is a strength of the laboratory system of
DOE. The categories shown in this slide were taken from the draft program plan,
and the longest bars on the slide represent over 200 man-years of effort over the
past 5 years. Following slides will give examples of some of the technologies in
thebasetechnologyarea.
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The LaboratoriesHave Developed
Sophisticated NondestructiveEvaluation
Techniques and Specialized Facilities

• Neutron irradiationand IntensePulsed NeutronSources

• SynchrotronX-ray radiationsources

• NMR for on-line processcontrol (polymerization)

• Residualand appliedstress in components

• Stress corrosioncracking,thermal aging and
embrittlement,corrosionfatigue, erosion studies
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One of the key strengths of the laboratories is the user facilities and specialized
equipment that can be applied to industrial problems. These include facilities such
as neutron irradiation and Intense Pulsed Neutron Sources that can be used for
neutron scattering studies. Neutron scattering allows the measurement of materials
properties deep within samples, including residual and applied stress.

The laboratories also operate synchrotron X-ray radiation sources as user facilities.
These facilities may be used to study the structure of biocatalysts, and conventional
catalysts.

NMR is currently being developed for the on-line control of a polymerization
process. The advantage is that quick feedback of operating upsets can prevent the
production of lower quality off-spec polymer batchs. This technique may be very
applicable for the on-line monitoring of refinery streams, including heavy crudes
and asphaltene's.

The laboratories have developed considerable expertise in materials related topics,
including stress corrosion cracking, thermal aging of materials, embrittlement,
corrosion fatigue, and erosion studies. This was developed in support of the
nuclear industry, but the expertise and facilities should be applicable to other high
temperature, high pressure applications.
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The Intense Pulsed Neutron Source
(IPNS) is Used for Material Studies
and Stress Measurements
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An Intense Pulsed Neutron Source (IPNS) may be used for materials studies and
stress measurements. Neutrons can penetrate deeply into a sample, and the
scattering of the neutrons can be used to measure residual stresses in a composite
material. These measurements can also distinguish between the stress born by the
fibers and the matrix in fiber reinforced composit_ materials. Facilities such as
these are operated as user facilities by the laboratories, and industrial users can run
proprietary experiments with the assistance of the national laboratory staff (if
needed).
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Moire Interferometry Gives Quantiative
Displacement Information at Weld
Defects/Crack Growth
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Moir6 interferometry is used to show the Y or tensile axis displacementfields for a
defective 304 stainless steel/pure nickel filler metal weldment. The moir6 pattern
gives the quantitative displa_:ementfield for the weld defect region that forms at the
filler/base boundaiy due to lack of fusion of the nickel filler_-,.,..metalto the 304 SSdetermLrlethe
base metal. The displacement patterns can be used to qmcr,_y

codes
severity of the defect and to assess the validity of many computer vreu_,,,ns
failure of a structure. Field portable systems have been developed and used with
success.
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New Tools and Facilities at the DOE
Laboratories Offer Superb Opportunities
for the Petroleum Industry in Catalysis

• X-ray synchrotrons for basic catalysis studies

• Computer aided molecular design

• Theoretical analysis of catalytic performance,
development of synthetic pillared clays,
molecular sieve synthesis

• Scanning Tunneling Microscopy to determine
heterogenous catalyst morphology
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An example of technologies that exist at the national laboratories that may be ol
interest to the refinery industry include techniques and facilities that can be applied
in support of the refinery development of catalysts. These include:

User facilities such as X-ray synchrotrons that can be used for basic catalyst
studies. Such devices can allow very fine grained analysis of the catalytic process,
including the direct observation of catalytic activity on the surface of the catalyst

-,_whi.l_the reaction is taking place.

The !aboratories are heavily involved in computer aided molecular design that can
be used "try out" different molecular configurations in support of catalyst
development.

Other activities include the development of synthetic pillared clays that can eider
have catalytic activity, or can serve as molecular traps, synthesis of molecular
sieves, and the theoretical analysis of catalysis performance.

Scanning tunneling microscopy has also been used to study the morphology of
heterogeneous catalysts.
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Petroleum Chemical, and Catalyst Companies
Have Formed a Collaborative Access Team

(CAT) on the Advanced Photon Source

, I

191



This is an artist's conception of the Advanced Photon Source, which is being
constructedby the Department of Energy. This user facility has a diameter greater
thanthe height of the Scar'sTower, and will produceX-ray beams thatare 10,C_3

_e hrlcrhtpr than any existin_ source. These intense X-ray beams.may be used

s_udi'es'oTpo-iy'men-'zation,catalysis, and other materials studi.esof interest to the
refining industry. A collaborauve Access Te.am (CAT) eomp.nsed of petroleum,
chemical, and catalyst compames wall be setting up a beam hne during 1994 for
early access to the X-rays when the facility begins operation in 1995.
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An X-Ray
Synchrotron
Light-SourceCan
Be Usedto Measure
Distribution of
Metals in a
Catalyst Particle
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This is an example of the use of an X-ray synchrotron light-source to study the
distribution of metals in a catalyst particle. The particle is 90 micrometers in
diameter, and the resolution is at ',,helevel of 5 micrometers. The dark (black) areas
on the surface represent the presence of Nickel and Vanadium deposits.
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Molecular Modeling on the Computer Has
Allowed the Design of Molecules Having Specific
Properties that Facilitate Catalytic Activity
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Molecular modeling on high speed computers can be used to allow the design of
specialized molecules. This photo shows different configurations, including some
that have been designed to form a "pocket" to help facilitate catalytic activity.
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Scanning Tunneling Microscopes are Used to
Reveal Heterogeneous Catalyst Morphology
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This is a photomicrograph of a catalyst surface, taken using a Scanning Tunneling
Microscope to measure the morphology of a heterogeneous catalyst particle. The
area scanned measures 300 nanometers on a side.
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Advanced SensorTechnologies
Being Developed Can Assist in
Environmental and Process Control

• Thick-filmcermet sensorsfor gas analysis in
hostile environments

• Surface AcousticWave Sensors

• Microwaveand millimeterwavespectrometry
for remotegas sensing

• Mini/micromass spectrometersfor on-line
gas sensing

• Ultrasonicvelocity and viscosity measurements
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The laboratories have considerable work in progress on the development of new
sensor and instrumentation technologies. These include thick film cermet sensors
that can be used in hostile environments, surface acoustic wave sensors that can
selectively detect VOC's, millimeter and microwave spectrometry suitable for
remote gas sensing, micro mass spectrometers that can be used for on-line gas
sensing (a version is of interest for onboard monitoring of automobile exhaust),
and ultrasonic velocity and viscosity measurement devices that are non invasive to
the piping system.
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A PortableAcousticWave Sensor
is Being Commericalized for On-line
VOC Emissions Measurements
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This is a photo of a portable acoustic wave sensor that is being commcrcializexl for
on-line measurements of VOC emissions.
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Thick Film Cermet Sensors Can Distinguish
Multiple Gases in Hostile Environments
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This is a photo of a thic.k film cermet sensor being developed by the laboratories.
The sensor is compared in size to a nickel, and contains a heating array, sensing
elements, and reference electrodes in a solid state ceramic configuration that allows
operation at temperaturesof up to 300 °12.
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A CRADA to Assess Air Toxic Emissions,
Understand Their Origin, Fate, and Mechanisms of
Formation and Destruction is Being Negotiated With

I

"IEX_O
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Six oil refinery companies are currently negotiating a CRADA to assess air toxic
emissions, understand their origin, fate, and mechanisms of formation and
destruction with some DOE national laboratories. This activity stems from a long
term ongoing effort to better understand combustion processes at the national
laboratories.
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DOE Laboratories Have Developed Enormous
Computer Modeling Capabilities for Complex
Problems Applicable to Refinery Problems

• Reactiveflows in engines,burners,etc.

• CVD processes

• Sprays and particulates

• Porous media flow- subsurfacecontaminants

• Flowsover and through catalysts

• Processreactors

• 3D fluidized-bed reactors
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The laboratories have developed considerable computer facilities and expertise for
modeling complex problems applicable to refineries. These include reactive flows
in engines and burners, CVD processes, the modeling of sprays and particulates,
porous media flow -- particularly of subsurface contaminants, the flow over and
through catalysts, modeling of process reactors, and the modeling of erosion and
corrosion of fluidized bed reactors. The next several slides will provide a few
examples.
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The DOE Laboratories Have Unparalleled
Facilities and Staff for Advanced Computations
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This is a photo of 5 parallel computers that are representative of the facilities that the
laboratories can bring to bear on massive computational problems
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Computer Models of an Industrial Burner Assists
in the Design of an "Ultra Low NO_" Burner
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This is a computergeneratedmodel of a flame in a burner.By modelingtheflame
temperatures,engineerscan modify the design of theburnerto achieve lower NOx
performance. Similar modelingefforts can help design combustionprocesses to
limit the amountof particulates,etc.
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Validated Models of
Fluidized Bed Reactors

: Allow Determination of
Erosion, Corrosion,
and Efficacy of Fluidized
Catalytic Reactors
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This is a computergeneratedflow mapof a fluidizedbed withheatexchangertubes
in place. The model predictsvariationsof the densityof solids, the velocity and
density of gases, and the particles motion. This model was used to study the
erosionof heattransfersurface_in fluidizedbedcombustors.
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Separation Sciences.Developedfor DOE
Purposescan be UtilnzednnRefnneryProcesses

• Advancedorganicandinorganicmembranes

• High gradientmagneticseparation __

• Open gradient magneticseparation

• Ion-exchangefor metals removal

• Electrochemicalrecoveryof metals from
spent catalysts

• Electrodialysisfor desalting,purification,
and concentration

• Emulsionphase contactors

• Liquid-liquidextraction

- G
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The laboratories have developed skills, facilities, and expertise in the area of
separations for DOE _roblems that can be used for refinery processes. These
include:

Membranes, both organic and inorganic, magnetic separation facilities (both high
_,rzdientand onen _radient techniques), ion-exchange for metal removal (discus_d
e°_lier),electroc_he_nical recoveryof metals from spent catalysts, electrodlalysls for
desalting, purification and concentration of organics and salts, emulsion phase
contactors that utilize electrical charge to disperse and coalesce organics in aqueous
media for intimate contact, and liquid-liquid extraction capabilities (discussed
earlier).

° °
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High Gradient Magnetic Separation (HGMS) Removes
Paramagnetic Contaminants from a Liquid Slurry

Contaminated Feed

Superconducting
Magnet

MagneticMatrix

PurifiedOutput
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High Gradient Magnetic Separation(HGMS)uses a matrix of magnetic material
(such as steel wool) in the flow system, surroundedby a magnetic coil. When the
coil is energized, magnetic particles contained in a liquid slurry are attracted to the
matrix material, and removed from the slurry. Periodically, the flow is reversed
and the magnetic field is turned off to flush the trapped impuritiesfrom the matrix.

This type of magneticseparation is particularlysuitedfor removing magneticfines
from liquid suspended slurries.
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Open Gradient Magnetic Separation (OGMS)
Can Separate Ac',tiveand Inactive Fluid
Cat-Cracking Cataljsts
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Open Gradient Magnetic Separation (.OGMS) utili.zesa conunuous pr .ess, m
,,,h_,.h _ a,-v nnwdcr containin_ materials of diffenng magncuc propcrucs arc

d"ro;p'edthr"ourg_ an open bore. _A super conducting quadrap.olcmagnet creates a
very steep gradient across _e bore, _d para-.magncucmaterials arc moved to the
outer circumference, and diamagnetic.materials move towards the center of the
bore. This apparatuslends _tsclfto conunuous operauon, and the potenual for using
multiple stages in a separationprocess.

_, ._ i,.o Jo
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Inorganic PolymerMembranesBased
on PolyphosphazenesCan Function
in Harsh Environments
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This photograph displays a bench scale membraneseparationsystem that has been
used to develop polymer membrane systems designed to operate in harsh
environments. Work is in progress under a CRADA to develop bench and ?
commercial scale systems based upon a family of inorganic polymers called

polyphosphazenes. An integrated capability is in place for the synthesis, casting,
and testing (gases and liquids). These membranes look particularly attractive in the
area of halocarbon from water separations and other membranes are available for
SOx and other acid gas separations.
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DOE Laboratories Have Process
Development Capabilities That
Can Augment Refinery Expertise

Hydrogen Production

Petroleum Demetalization

Resid Hydroprocessing

Oxygenate Production

DistillateHydrotreating/Processing

PetroleumCoke Desulfurization

CatalyticReforming

Hydrocracking

Distillation

ResidPartialOxidation

CatalyticCracking

Level of Effort
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This chart shows the relative levels of laboratorycapabilities fur direct support in
process technologies that are of interest to the refinery industry. The longest bar
(Hydrogen production)represents - 110man-years of effort over the past 5 years.

In this category, the laboratorieshave only recently begunefforts in such areasas
resid hydroprocessing, etc. but have some approachesand techniques that can
support the refineryindustry in their efforts to improveprocesses.
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DOE LaboratoriesHave Process
DevelopmentCapabilitiesThat
Can Augment Refiner,/Expertise

• Hydrogen productionand management

• Thermodynamic measurements in support
of the oil industry

• Engine and fuel testing facilities

• Oxygenate production

III
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In hydrogen production, one of the p_ cur_.ntly u.ndcr,dev¢!opme_ntwi_h
..,,-,_ ..... ..k:.. _ the s,,littino of H2Smto tt2 aria_, so matme nyorogcn._
LJUJ_ _ll_4jl_ill].l JtO V D . _ _ _ . ....... .k

recycled in the plant, and not be d_arded as waste wateras ts currentpra_uc_waua
theClaus-SCOTTprocess.

The laboratoriesalso have extensive capabilitiesfor makingverycarefulandfully
supportedthermodynamicmeasurementsin supportof the oil industry.

Othercapabilitiesincludecompleteengineandfuel testingfacifities,ande_ in
the productionof oxygenatefuels, particularlyalcohols.
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A Vortex Fast Pyrolysis Reactor Has
Been Developed to Convert Materials
to Chemical Components for Synthesis
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• " t P rol sis Reactor, which was developed specifically .toThis is a Vortex Fas y y . .
convert bulky, solid particulatematen.al,such as blomass or so.ridwaste, m[o
- • ' ........ "- _*-rsvnthe_. This reactoruses externalheating(ratherth.an

cne.mlcaicoml_¢_ _, .T_., . . • • •
arualcombustion),andac_eves extremelyhighheatm.gratesbym_tmg thesohd

P_rinc, _as steam at a tangentto the reactorwall..Th_ resul_ in very mp].dh_t
_"-";°= ._ ,---.:-......_ ,,,,,-,,h,_is and the ability to make xme cuts m me
transIer, raplo nvatmt; a.u },y,v-.T-, , • ":"- - - " "--_ #"-'--omass
tern.peraturepro.f"deseen by the feed material. Almougn aevelo.l_U_u[ v!v
apphcauons,this reactorconcept may be useful for otherhigh sohds operauonsm
refinerysettings.
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Thermodynamics Laboratories in the DOE System
Provide a Resource to the Petroleum Industw

• Thermochemistry measurements

• Adiabatic calorimetry

• Combustioncalorimetry

• Vapor pressure measurements

• Densities

° Spectroscopic measurements

231



._,; " _ "-e'o |e •

....

":_10'S1U_)UI_IrlSIY_Lu

ozdooso.noods'sog!suop 'muommnseommnvq!l!nbo pue o_nsso_djode^
•s'jolomuoI-eOuorlsnqmoopueopeqe!peopnlou!sop!l!qede_",L,lsnpu!mnolo-q_d
ozpJoj_anosme _!^o_d ueomms,(sEtOQozpu!s_p!p.qedeos_!,.ueu_pou_otpoq.l.

232



Testing Provides Support to the Petroleum
Industry on the Performance of Fuels in Engines

• Emissions

• Alternative fuels

• Fuel-engine interactions (auto-oil)

• Engine durability, surface layer activation
for ori-line engine wear measurements

• Additives (deposit, valve seat sticking
and recession)
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Testing capabilities at the laboratoriesincludesextensive emissions testing expertise
and facilities, the use of alternative fuels (some of the largest alternative fuel fleets
are operated by the laboratories for testing purposes),and fuel-engine interactions.

A unique surface layer activation technique for measuring engine durability in
hours rather than days of testing has been developed by one of the labs. Other
expertise includes the development of additives for inhibiting deposits, valve seat
sticking,etc.
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The Following Laboratories Contributed
to the Information In This Presentation

Argonne National Laboratory Los Alamos National Laboratory

BDM-Oklahoma National Renewable Energy Laboratory

Brookhaven National Laboratory Oak Ridge National Laboratory

Idaho National Engineering Laboratory Pacific Northwest Laboratory

Lawrence Berkeley Laboratory Sandia National Laboratory

Lawrence Livermore National Laboratory

Further information on DOE capabilities may be obtained from:

Daniel Wiley
Office of Industrial Technology

Energy Efficiency and Renewable Energy

Department of Energy
FAX 202-586-3180

FAX 202-586-7114 (altemate)
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