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Tuesday, October 7

8:25 WELCOME, M. L. POUTSMA, DIRECTOR, CHEMICAL
AND ANALYTICAL SCIENCES DIVISION, OAK RIDGE
NATIONAL LABORATORY, Oak Ridge, TN 37831

TUESDAY AM, OPPORTUNITIES FOR COLLABORATION:
INDUSTRY, ACADEMIC, NATIONAL LABORATORIES

CHAIRMAN: MARVIN L. POUTSMA, OAK RIDGE NATIONAL
LABORATORY, Oak Ridge, TN 37831

8:30  DOE OFFICE OF INDUSTRIAL TECHNOLOGIES. Daniel E.
Wiley, Department of Energy, Office of Industrial Technologies,
Washington, DC 20585.

The DOE Office of Industrial Technologies (OIT) has as its
mission improved resource efficiency of energy- and waste-intensive
U.S. industries to: - reduce raw material and depletable energy use per
unit output, - reduce generation of wastes and pollutants, and - provide
advanced science and technology options that dramatically increase the
productivity of U.S. industry. Continuous process manufacturers such
as aluminum, chemcials, forest products, glass, metalcasting, oil refining,
and steel consume two-thirds of the energy used in the manufacturing
sector and generate over 80% of both air and water born pollutants. As
overview of the OIT program which focuses its research and develop
agenda on the development of new, precompetitive process technologies,
as well as technologies which result in more efficient and cost-effective
ways of acquiring raw materials, recylcing materials, minimizing impact
on the environment, and developing new products or innovative uses for
existing products will be presented. '




9:00 THE U.S. DOE LABORATORY TECHNOLOGY RESEARCH
PROGRAM. S_J. Barish, Department of Energy, Advanced
Energy Projects and Technology Research Division,
Germantown, MD 20874-1290.

The Laboratory Technology Research (LTR) program supports
high-risk, multidisciplinary research partnerships to investigate
challenging scientific problems whose solutions have promising
commercial potential. A distinguishing feature of the DOE Energy
Research (ER) multi-program laboratories is their ability to integrate
broad areas of science and engineering in support of national research
and development goals. The LTR program leverages this strength for the
Nations benefit by fostering partnerships with US industry. The program
funds the national laboratory research while the inclustrial partner funds
its research and often contributes funds, equipment, or supplies to the
laboratory. Industry is thus able to explore scientific and technical
approaches that would be too risky to undertake alone. Projects
supported by the LTR program are conducted by the five ER multi-
program laboratories: Argonne, Brookhaven, Lawrence Berkeley, Oak
Ridge, and Pacific Northwest National Laboratories. These projects
explore the applications of basic research advances relevant to DOE’s
mission over a full range of scientific disciplines. The program currently
emphasizes three areas of mission-related research: advanced materials,
intelligent processing/manufacturing, and sustainable environments.
Measurements technology is an important enabling technology. Since its
inception in 1992, the LTR program’s technologies have won 12 R&D-
100 awards, 15 Federal Laboratory Consortium awards, and 7 other
awards including those from the popular press.




9:30 TECHNOLOGY VISION 2020: THE U.S. CHEMICAL
INDUSTRY. Donald E. Jost, Executive Director, Council for
Chemical Research, Washington, DC 20036.

Leaders in the U.S. chemical industry began a study in 1994
on the factors affecting competitiveness in the rapidly changing business
environment and set out to develop a vision for its future. The work
focused on needs in research and development capabilities which are
directly linked to growth and competitive advantage. The product,
“Technology Vision 2020", 1996, available from the American Chemical
Society (ACS) Department of Government Relations and Science Policy,
1155 16™ St. NW, Washington, DC 20036 is the joint effort of the ACS,
American Institute of Chemical Engineers, Chemical Manufacturers
Association, Council for Chemical Research, and Synthetic Organic
Chemical Manufacturers Association. Four disciplines identified as
crucial to progress in the chemical industry are a) new chemical science
and engineering technology, b) supply chain management, c) information
systems, and d) manufacturing and operations. The Council for
Chemical Research has played a lead role in developing more detailed
road maps for research and development leading to the New Chemical
Science and Engineering Technology vision. Priority areas identified are
Chemical Synthesis, Bioprocesses and Biotechnology, and Materials

~ Technology. Chemical Measurement is identified as a critical enabling
technology. The Vision and the more detailed roadmaps being developed
serve to identify specific topics for which the Chemical Industry
encourages collaborative Industry-Academia-Government programs.

16:00 BREAK




10:30 INDUSTRY-GOVERNMENT PROGRAMS WITH THE
FORMER SOVIET UNION. ' Michael F. Ehinger, National
Security Program Office, Lockheed Martin Energy Systems,
Inc., Oak Ridge, TN 37831-8257.

The end of the cold war and subsequent opening of the Former
Soviet Union has provided a window into the vast military complex that
was the heart of the Soviet system. Under the Soviet system, the very
best and brightest were recruited and educated o serve the military
complex. The manufacturing complexes were often located in closed and
secret cities across the entire country. Most of these cities remain closed
today, inaccessible to average Russian citizens without need to visit. The
enterprises and institutes of the former Soviet military complex remain
as concentrations of the very best scientists and manufacturing
capabilities of the country. '

The U.S. Government now recognizes that proliferation of
weapons of mass destruction, including nuclear, chemical and biological,
remains as probably the greatest threat to our national security and world
stability. Like the entire soviet society, the scientists and enterprises of
the Former Soviet Union's weapons complex are attempting to make the
transition to a western, market driven economy. The success of this
transition is extremely important to national security, especially in the
weapons complex where materials ans scientific talent could be diverted
to clandestine manufacture of weapons. The U.S. Government has a
number of programs aimed at stabilization to deter proliferation.
Different programs target stabilization of nuclear materials, engagement
of the scientists, and stabilization of the institutes and enterprises. The
ultimate success in non-proliferation is transition to a market economy
that involves the weapons complex. The programs offer opportunities for
U.S. laboratories and industry, and the long term success indeed requires
active, successful participation of U.S. industry. This paper describes
U.S. non-proliferation U.S., their focus and inter-relationships, and the
opportunities for industry participation.




11:.00 COLLABORATION IN COMMERCIALIZATION OF
SPECIAL TECHNOLOGIES. Vivian M. Baylor, Acting
Manager, Special Projects Office, National Security Program
Office, Lockheed Martin Energy Systems, Inc., Oak Ridge,
TN 37831-8206.

The Oak Ridge National Security Program Office develops and
manages projects for the Department of Energy and other federal agency
sponsors to support national mission needs in intelligence, special
operations, security and law enforcement. The goal of virtually all these
projects is to develop prototype hardware within 2-3 years that can be
manufactured by the private sector and sold in quantity to the
government. Despite the fact that many of these projects are classified,
there are numerous ways that private sector companies can collaborate
with Oak Ridge on all stages of the technology development process.
Specific. examples of these collaborations will be detailed, including
Work For Others contracts with the private sector, joint R&D through the
Small Business Innovation Research (SBIR) program, licensing
innovative technologies, Cooperative Research and Development
Agreements (CRADAs), and other types of collaborations. Several
currently-funded projects will be described as potential candidates for
industry collaboration. ’

11:30 LUNCH







TUESDAY PM, DEVELOPMENTS IN SENSOR TECHNOLOGY

CHAIRMAN: TIMOTHY J. McINTYRE, OAK RIDGE NATIONAL
LABORATORY, Oak Ridge, TN 37831

1:10 SURFACE-ENHANCED RAMAN DOSIMETERS AND
SENSORS. T. Vo-Dinh, Life Sciences Research Division,
Oak Ridge National Laboratory, P. O. Box 2008, Oak Ridge,
TN 37831-6101.

NO ABSTRACT RECEIVED




1:30 NEW SPECTROELECTROCHEMICAIL SENSOR. C._J.
Seliskar, W. R. Heineman, Y. Shi, A. F. Slaterbeck, S. Aryal,
T. H. Ridgway, and J. H. Nevin, Departments of Chemistry and
Electrical and Computer Engineering, University of Cincinnati,
Cincinnati, OH 45221-0172.

A new type of spectroelectrochemical sensor that embodies two
modes of instrumental selectivity (electrochemical and spectroscopic), in
addition to selective partitioning through an applied film barrier, is
described. The sensor consists of a planar optical substrate/electrode
coated with a sol-gel-derived or polymeric selective film. Sensing is
based on the change in the attenuation of light passing through the
guided wave substrate which accompanies a chemical reaction of an
analyte induced by electromodulation. Thus, for an analyte to be sensed,
it must partition into the selective coating, be electrolyzed at the potential
applied to the electrode, and either the analyte or its electrolysis product
absorb light at the wavelength chosen for operation of the waveguide.
Threefold selectivity for a chosen analyte relative to other environmental
components is obtained by the choice of coating material, the electrolysis
potential, and the wavelength for optical monitoring. The sensor concept
is demonstrated with an indium tin oxide coated glass waveguide that has
been over-coated with a sol-gel derived charge-selective thin film. One
such selective coating used was a charge-selective sol-gel derived
PDMDAAC-SiO, composite film, where PDMDAAC =
poly(dimethyldiallylammmonium chloride). Fe(CN),* was used as the
model analyte to demonstrate that the change in the transmittance of the
waveguide resulting from electrochemical oxidation of Fe(CN):* to
transmittance of the waveguide resulting from electrochemical oxidation
of Fe(CN)s4 to Fe(CN)* can be used to quantify an analyte.
Micromachining this sensor concept into more fully integrated devices
and testing of this sensor in a variety of environments will be described.




1:50 LAB-ON-A-CHIP DEVICES FOR CHEMICAL DETECTION
AND IDENTIFICATION. Stephen C. Jacobson, Jorg P. Kutter,
Christopher T. Culbertson, Andrew G. Hadd, Robert S. Foote,
and J. Michael Ramsey, Chemical and Analytical Sciences
Division, Oak Ridge National Laboratory, P.O. Box 2008,
Oak Ridge, TN 37831-6142.

Chemical and biological analysis will benefit from the ability to .
perform automated, rapid, and precise procedures. One approach to this
end is to microfabricate components to be integrated into a single
instrument to execute a complete procedure. Because microfabrication
techniques are employed, advantages include low cost, compact devices
with high speed processing while providing operational simplicity and
reliability. Moreover, integration of chemical processing and analysis
functions allows automated manipulation of samples and reagents at
volumes orders of magnitude smaller than is feasible manually or
robotically reducing reagent consumption and minimizing waste output.
Miniaturized devices that have been fabricated recently by our group
perform high speed electrophoretic separations, continuous flow
homogeneous enzyme assays, gradient elution micellar electrokinetic
chromatography, and cross-correlation chromatography. In addition,
monolithic devices that integrated PCR with electrophoretic analysis
have been demonstrated. These devices have exhibited the features
mentioned above, and their design, fabrication, and operation will be
discussed. '




2:10 MICROCANTILEVER SENSORS. Thomas G. Thundat, Life
Sciences Research Division, Oak Ridge National Laboratory,
P. O. Box 2008, Oak Ridge, TN 37831-6123.

Micromachined, mass produced cantilevers, such as those used
in atomic force microscopes, are excellent micromechanical sensors.
Microcantilever sensors operate by detecting changes in resonance
response or deflection caused by mass loading, surface stress variation or
changes in damping conditions.. When molecules adsorb on surfaces they
can also produce a surface stress due to forces involved in adsorption
process. This surface stress can be observed as -variation in
microcantilever deflection or resonance frequency. We have developed
a number of extremely sensitive physical, chemical, and biological
sensors based on microcantilevers. Microcantilevers that are metal coated
on one side (bimetallic microcantilevers) undergo bending with a
thermal sensitivity of 10° K when exposed to thermal radiation. Using
this concept we have developed sensitive thermal imaging devices.
Because of its small thermal mass they can be heated to few hundred
degrees and cooled down to room temperature in a fraction of a second
making it an ideal tool for scanning calorimetry. Using conventional
techniques these cantilevers can be mass produced from silicon, silicon
nitride, and other materials. We have developed microcantilever array
sensors consisting of 648 microcantilever on a single chip. Advantages
of these extremely sensitive devices include miniature size, simplicity,
low power consumption, low manufacturing cost, as well as their ability
to operate in air or liquid. They can be the basis for a universal platform
for real-time, in-situ measurement of many physical, chemical, and
biochemical properties.

10




2:30  SIGNAL ACQUISITION TECHNIQUES IN SPECTRO-
ELECTROCHEMICAL SENSING. A.F. Slaterbeck, T. H.
Ridgway, C. J. Seliskar, and W. R. Heineman, Department of
Chemistry, University of -Cincinnati, Cincinnati, OH 45221-
0172. :

A new type of spectroelectrochemical sensor employing three
modes of selectivity (electrochemistry, spectroscopy and selective
partitioning) has been described. The sensor consists of a planar optical
light guide/electrode coated with a sol-gel derived selective thin film.
For an analyte to be sensed by this device, it must partition into the
selective coating, be electroactive at the potential applied to the electrode,
and have a change in its absorbance at the wavelength of light
propagated within the light guide. In general, the spectroelectrochemical
signal acquisition will be achieved under the conditions of modulating
the electrochemical potential and recording the light intensity changes
which occur with wavelength. Modulating the electrochemical potential
provides two significant benefits. First, the changes in absorbance of the
analyte resulting from the repetitive potential waveform being applied to
the electrode become time dependent. Therefore selectivity for the
analyte can be achieved by temporal discrimination between the
modulating absorbance of the analyte and a constant interference signal
resulting from compounds which can also penetrate the sensing film, but
are electroinactive in the applied potential range. Second, the repetitive
nature of the absorbance signal provides the opportunity to use signal
averaging techniques which can reduce noise and lower the detection
limit of the sensor. An early prototype of the acquisition system has been
developed. Its construction and operating will be discussed and
demonstrated with a model chemical system that emphasizes the
advantages obtainable from the new sensor.

2:50 BREAK
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3:10 SPECTROELECTROCHEMICAL SENSING: THREE-MODE
SELECTIVITY ACHIEVED SIMULTANEOUSLY IN A
SINGLE DEVICE. Y. Shi, C. J. Seliskar, and W. R. Heineman,
Department of Chemistry, University of Cincinnati, Cincinnati,
OH 45221-0172.

Three modes of selectivity based on charge-selective
partitioning, electrolysis potential and spectral absorption wavelength
were  demonstrated  simultancously in  a new type of
spectroelectrochemical sensor. Operation and performance of the three
modes of selectivity for detection of analytes in the presence of direct
interferents were investigated using binary mixture systems. These
binary mixtures consisted of Fe(CN)¢* and Ru(bpy),>* and of Fe(CN)*
and Ru(CN)¢* in aqueous solutions. Results on the Fe(CN)/Ru(bpy),**
binary mixture showed that an anion-exchange coating consisting of
PDMDAAC-SiO, [where PDMDAAC = poly(dimethyldiallylammonium
chloride)] and a cation-exchange coating consisting of Nafion-SiO, can
trap and preconcentrate analytes with charge selection. At the same time
such coatings exclude interferents carrying the same type of charge as
that of the exchange sites in the sensor coating. Using the Fe(CN),*
/Ru(CN),* binary mixture, the Fe(CN),* component can be selectively
detected by restricting the modulation potential cycled to a range specific
to the redox active Fe(CN),* component and simultaneously monitoring
the optical response at the overlapping wavelength of 420 nm. It was
also shown that when the wavelength for optical monitoring was chosen
as 500 nm, which is specific to the Ru(CN),* component, interference
from the Fe(CN),* component for spectroelectrochemical detection of
Ru(CN),*was significantly suppressed even though the cyclic modulation
potential encompassed the redox range for the Fe(CN)* component.

12




NON-INTRUSIVE PRESSURE SENSING IN CLOSED
DRUMS. Mark Henderson and R. Daniel Costley, Diagnostic
Instrumentation and Analysis Laboratory, Mississippi State
University, Mississippi State, MS 39762.

At most waste sites, transuranic (TRU), low-level, and mixed
wastes are stored in 55-gallon drums. Many of these drums contain
hazardous, organic wastes as well. Radiolyis or other physical or
chemical processes may result in gaseous emissions inside these drums.
When this happens the pressure within the drum will increase,
sometimes to unacceptable levels. In more drastic cases, these emissions
may produce flammable or explosive atmospheres (e.g., hydrogen from
radiolysis). Currently regulatory procedures require that each drum be
individually opened and inspected for the presence of hazardous organic
waste. This situation will be dangerous. for workers if either of the
conditions described above exist (high pressure or flammable
atmosphere).

Researchers at DIAL are developing a non-intrusive technique
that can detect whether the pressure inside the dram is above ambient.
The natural frequencies of vibration of the drum change as the pressure
inside the drum is increased. In experiments conducted at DIAL,
pressures as small as 1 psi have been detected on a 10 gallon drum.
These changes are audibly perceptible. More importantly to this
application, these changes can be detected by simple, standard signal
-processing techniques. We believe that these results could be the basis
for a simple, hand-held instrument that could detect whether the pressure
inside the drum was at or above ambient. Such a system would alert
workers of potential danger and greatly increase safety. Conversely, it
would allow the segregation of suspect drums, and more rapid treatment
of safe drums.




3:50 A PROTOTYPE QUARTZ RESONATOR DENSITY-
VISCOSITY SENSOR SYSTEM FOR  SLURRY
MONITORING. R. W, Cernosek and A. N. Rumpf,* Sandia
National Laboratories, Microsensor Research and Development
Dept., P.O. Box 5800, MS 1425, Albuquerque, NM 87185-
1425.

Sandia National Laboratories has developed fluid monitors
based on thickness-shear-mode (TSM) quartz resonators. The TSM
resonator consists of a thin AT-cut quartz crystal with metal electrodes
deposited on opposing faces. Application of an RF voltage to the
electrodes introduces a shear strain in the crystal producing maximum
surface displacement at mechanical resonance. Materials in contact with
the crystal surface perturb the resonant frequency and resonance
magnitude proportional to the material mass, density-viscosity, or
viscoelastic properties. The TSM quartz resonators are the primary
component in a prototype slurry monitoring system. This system consists
of two sensor probes, one for in sifu tank monitoring and one for in-line
pipe flow monitoring; a data acquisition interface module for measuring
sensor frequencies and voltages; and a notebook computer for control,
graphic display, and data storage. Each probe contains a quartz resonator
sensor with oscillator electronics, a temperature sensor, and a gamma
radiation monitor. The sensors have a density-viscosity measurement
range of 0-500 g/cm®-cP and can operate in environments up to 100 °C
and 200 kRad of total gamma dose. Performance of the prototype system
was recently evaluated in comparative field trials at Oak Ridge National
Laboratory. Details of sensor theory and operation along with
construction, calibration, and evaluation of the prototype will be
presented.

This work was supported by the United States Department of Energy
under Contract DE-AC04-94AL85000. Sandia is a multiprogram
laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy. i

*on contract from Ktech Corporation Albuquerque, NM

14




4:10 DETECTING 'Y(Cs BREAKTHROUGH IN AN ION
EXCHANGE PROCESS. R. L. Brodzinski, W. K. Hensley,
E. A. Lepel, and M. R Smith, Battelle, Pacific Northwest
National Laboratory, P. Q. Box 999, Richland, WA 99352.

High-level liquid radiocactive wastes can be transformed to
low-level wastes by removing the major radioactivity, '*’Cs, to reduce the
radiation level sufficiently to meet low-level disposal requirements: thus
saving high-level repository space while reducing the costs of disposal.
This process requires a highly reliable, near real time monitoring system
for the specific detection of *’Cs in the eluent from an ion exchange
column which is likely to upset the normal equilibrium between the *’Cs
and its danghter and may preferentially allow the *™Ba daughter to pass
through. Since the 662-keV gamma ray normally attributed to '¥'Cs is
actually produced in the decay of the equilibrium daughter activity,
13mBa  detection of the 662-keV gamma ray won’t directly indicate
cesium breakthrough. A matched pair of radiation detectors will be used
to monifor the *™Ba activity in the effluent stream at two locations
separated by a short span of time, or on separate fixed volumes of
effluent, each for short periods of time. The deviation of the two
measured activities from the ratio expected based on the decay of pure
1¥7mBa represents the concentration of '’Cs in the effluent. Different
types of detectors have been evaluated based on the projected operational
parameters of the actual production system. Actual spectra have been
obtained with each type of detector on each of the radionuclides possibly
present in any of the process streams which may pass through this ion
exchange process. These spectra can be combined in any proportions to
represent a composite spectra for any given feed stream, and the
acquisition times, separation times, confidence levels, sensitivities, etc.
can be estimated for any chosen process. These spectra can also be
mimicked by a PNNL developed computer code, SYNTH, to extrapolate
to different physical parameters in any process environment. Software
must be capable of providing the necessary data, at a minimum the net
662-keV gamma ray count rate, but preferably the activity levels of all
other isotopes present in the process stream as well, including *°Sr, in
extremely short periods of time, - perhaps no more than one second. The
software will also have to work with the resolution available from the
chosen detectors, which could be relatively poor if Nal(Tl) detectors are
deemed to provide adequate information. Additional software will

15




evaluate the data with respect to the '¥'Cs concentration in the process
stream, display and archival of this information for operator information,
historical and predictive capability to anticipate column loading and
capacity, and process control output as, and if, desired. Byproduct
information, such as the actual concentration of all other radionuclides
present in the process stream will also be compiled and archived for use
in waste inventory control. If the radionuclide concentrations can be
measured on the input side of the waste form fabrication process, it will
eliminate the need to sample and characterize the finished waste forms
prior to disposal.

16




4:30 THE ACOUSTIC PLATE MODE TRACE ION
CONTAMINANT SENSOR. J. Andle, M. Schweyer, J.
Munson, R. Roderick and D. McAllister, BIODE, Bangor, ME
04401, L. French, and J. Vetelino, ECE Dept. & LaSST,
University of Maine, Orono, ME 04469, C. Watson, J. Foley,
A. Bruce and M. Bruce, Dept. of Chemistry, University of
Maine, Orono, ME 04469.

Industrial processes, such as fossil fuel combustion and nuclear
materials processing, have resulted in heavy metal contamination of soils
and potentially of the surrounding groundwater. In particular, mercury
contamination of groundwater is a serious threat to the ecosystem,
cumulating in serious health problems for humans as well as wildlife.
Monitoring of mercury contamination in groundwater requires a method
of long-term verification. Sensors with lifetimes of months to years of
operation without operator intervention are required. One sensor
geometry, which is capable of detecting relevant concentrations of
aqueous ionic contaminants, such as mercury, while withstanding typical
environmental conditions, is the acoustic plate mode (APM) sensor. This
piezoelectric sensor protects the electronics from the potentially corrosive
aqueous fluid environment while providing a significant interaction with
the fluid. Gold films are employed to accumulate the mercury via surface
amalgamation. The added mass is measured as a change in the resonant
frequency of the piezoelectric element. Electrochemical techniques are
employed to impart selectivity, reversibility and to accelerate response
kinetics. Preliminary mercury sensor results are presented. Potential
applications in the detection of halogenated hydrocarbons and monitoring
bacteria in bioremediation are introduced.

Supported by US Department of Energy under contract DE-FG02-
94ER81717.
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TUESDAY PM, ANALYSIS IN CONTAINMENT FACILITIES

CHAIRMAN: JOHN H. = MARLOW, WEST VALLEY .
DEMONSTRATION PROJECT, West Valley, NY 14171

1:30  ICP ANALYSES OF VITRIFICATION PROCESS SAMPLES
USING GLOVEBOX ASSEMBLIES. J. Z. Christopher, I H.
Martow, K. M. McCarthy, and N. R. Tamul, West Valley
Demonstration Project, 10282 Rock Springs Road, P.O. Box

191, West Valley, NY 14171-0191.

An inductively coupled plasma-atomic emission spectrometer

(ICP) coupled to a glovebox assembly is being used to analyze high-level
waste (HLW) vitrification samples at the West Valley Demonstration
Project (WVDP). - There are two ICP glove box assemblies to provide
continuous process support. The WVDP vitrification process started in
July 1996 with a goal of processing the HLW in the tank in batches
producing continuous feed to melter. Each batch results in desirable
solifified HL.W of glass contained in stainless steel canisters. The glass
is processed through various steps in which glass forming chemicals and
other reagents are added to the HLW. Selected parameters are analyzed
to monitor the process during the HLW initial (WI), the cold chemicals
-or glass formers (GF), the waste plus glass formers (WGF), and sugared
feed (SF) stages. In addition, a random 10% of the canisters are sampled
and analyzed for any metal oxide greater than 0.5% weight oxide in the
glass composition. A typical analysis involves proper slurry aliquoting
from the sample vials and dissolution and dilution in the shielded
analytical cells followed by ICP and radiochemical analyses. The ICP
glovebox assemblies support 80% of the total analytical requests for the
vitrification samples. The chemical analysis is required to ensure each
batch falls within the target range of the final HLW glass formulation.
Based upon the results as of July 1997, the reported ICP data are in
agreement with the process control values.

19




1:50 EVALUATION OF THE COMBUSTION SYSTEMS OF THE
PLASMA  HEARTH PROCESS USING FTIR
SPECTROSCOPY. K. C. Camney, M. Powers, O. Tolstikhine,
Argonne National Laboratory-West, P.O. Box 2528, Idaho
Falls, ID 83403, J. Demirgian, Argonne National Laboratory,
9700 South Cass Ave., Argonne, IL 60439, P. R. Lang and J. S.
Lindner, Diagnostic Instrumentation and Analysis Laboratory,
P.O. Drawer MM, Mississippi State, MS 39762.

The Plasma Hearth Process (PHP) has been developed to
evaluate the use of plasma torch technology on surrogate, radionuclide
spiked, and real mixed wastes. The system consists of a 150Kw torch
operated on nitrogen. The torch furnace or plasma chamber is equipped
with a propane burner that is used for preheating and is followed by a
propane secondary combustor, an evaporative cooler, HEPA filters, a
packed-bed scrubber, an induced draft fan, and an exhaust stack. All of
the components with the exception of the fan and stack are located within
secondary confinement. The facility is operated under radiological
controls even when the feed to the furnace is a surrogate composition.
Evaluation of burner performance is critical for minimizing
environmental impact and for controlling facility economics. Organics
in the feed may not completely oxidize to CO, given the gas composition
within the furnace. Thus, the ability of the secondary combustor to
destroy organics is of interest. Gas stream compositions have been
determined using both a process monitor FTIR and an extractive unit.
Concentrations of CO,, CO, and H,O have been determined for
individual burner operation and while processing a surrogate
(combustible debris) mixed-waste. Results indicate that each of the
burners operates at stoichiometries (air/fuel) near a value of one.
Processing of the feed, however, indicated that the secondary combustor
was unable to accommodate the increased organic loading. Options to
remedy this situation include the use of air as the torch working gas, or
the incorporation of additional controls on the secondary burner. Details
of the measurements including on-line calibrations, correlation between
the two systems, and comparisons to calculations based on burner input
and feed composition will be discussed. '

20




2:10 ICP/MS ANALYSIS OF HANFORD’S HIGH-LEVEL
RADIOACTIVE WASTE. Jon W. Ball and William I.
Winters, Numatec Hanford Corporation, Richland, WA 99352,

The 222-S Laboratory on the Hanford Site is a full service
analytical laboratory equipped to analyze Hanford’s high-level
radioactive waste. Within the past year, two custom inductively coupled
plasma mass spectrometer (ICP/MS) systems have been installed and
evaluated for use at 222-S. The first system is a unique Laser Ablation
ICP/MS (LA-ICP/MS) designed and developed by Pacific Northwest
National Laboratory (PNNL). This system is installed inside of an
analytical hot cell for the analysis of direct radioactive sludges.
Analyzing direct sludges inside of the hot cell provides significant
benefits in the areas of cost reduction, waste minimization, and
radiological exposure reduction. The second instrument system is a
Thermo Jarrell Ash (TJA) Plasma Optical Emission Mass Spectrometer
(POEMS) that has been built inside a radiological fume hood. The
POEMS is a dedicated ICP/MS for the solution analysis of digested
sludges and direct liquids. This presentation will focus on these
installations and recent applications that have been developed or are
under evaluation using these two instrument systems.

21




2:30  ACCELERATED SOLVENT EXTRACTION FOR ANALYSIS
OF VOLATILE AND SEMI-VOLATILE ORGANIC
COMPOUNDS IN HOMOGENEOUS TRANSURANIC
WASTE. Chris P. Leibman and David V. Martinez, Los
Alamos National Laboratory, Chemical Science and
Technology, Los Alamos, NM 87545.

Characterization of transuranic (TRU) waste is required to meet
the waste acceptance criteria of the Waste Isolation Pilot Plant (WIPP).
This includes the characterization of TRU waste for hazardous organic
compounds regulated under the Resource Conservation and Recovery Act
(RCRA). Two analytical methods are typically employed to characterize
the suite of hazardous organic compounds potentially present in TRU
waste: one method for volatile organic compounds (VOCs) and one for
semi-volatile organic compounds (SVOCs). As an alternative to these
two methods, we have developed an automated procedure for the
extraction and analysis of VOCs and SVOCs in homogeneous solidified
TRU waste. This procedure is based on US EPA SW-846 Method 3545,
accelerated solvent extraction (ASE), coupled with on-line GC and
GC/MS analysis. Portland or envirostone gypsum cement stabilized TRU
waste is placed in a gas tight milling vessel and ground using a ball mill.
After grinding, the milling vessel is connected to an accelerated solvent
extractor designed and built at LANL. Extraction is accomplished with
20 mLs of isopropanol at clevated temperature and pressure in
approximately 20 minutes. The sample extract is then transferred via
closed loop to a sample collection vessel, which can be removed to
archive the sample. VOC and SVOC analyses are performed on-line
using gas chromatography with photoionization, flame ionization,
electrolytic conductivity and mass spectral detection. An electronic
balance, ball mill, and extraction cell with heater are mounted in a
glovebox for sample processing. Ancillary hardware, control systems
and GC/MS instrumentation are mounted outside of the glovebox. The
complete instrument is computer controlled. A graphical user interface
facilitates instrument operation. Work to date has shown comparable or
improved recoveries for target analytes using the ASE method compared
to existing methods. ASE offers the distinct advantages of waste
minimization, reduction of analytical time, and reduced worker radiation
exposure compared to currently employed analytical methods.

2:50  BREAK
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3:10 ORGANIC ANALYSES OF HIGHLY RADIOACTIVE
SOLUTIONS REQUIRING PRETREATMENT BY Cs-137
REMOVAL. Chia-Lin W._Hsu, Westinghouse Savannah River
Company, Savannah River Technology Center, Aiken, SC
29808.

The gamma-emitting radionuclide Cs-137 is removed from the
Savannah River Site (SRS) high-level waste by adding sodium
tetraphenylborate(TPB). ‘The concentrated and washed precipitate slurry
containing CsTPB is transferred to Defense Waste Processing Facility -
(DWPF) Salt Processing Cell and hydrolyzed to yield an aqueous product
(PHA) free of benzene. The PHA is highly radioactive (10E+11 dpm)
and contains some organic compounds that need to be analyzed for
process control and process history. The major organic components are
water soluble. One of the minor components, phenylboronic acid (PBA)
must be analyzed quickly to verify that the hydrolysis reaction is
complete. High performance liquid chromotagraphy (HPLC) methods
were developed to analyze these compounds with instruments contained
in unshielded fume hoods. Removing Cs-137 from PHA prior to HPLC
analyses is essential to minimize personnel radiation exposure.

The most important criteria for the sample preparation
procedure were consistent and good recovery of the organic compounds,
a minimum decontamination factor of 300, and convenience for use in
the shielded cell. In this study ammoniummolybdato~-phosphate (Bio-Rad
AMP-1) was used for removing Cs-137 in PHA (pH 3.8), because it is
effective in an acidic solution. With a two-step application of AMP
slurry, a DF of 1E+4 was achieved for Cs removal. Two separate HPLC
methods were used to analyze PBA and three other organic compounds.
The recovery of all the organic compounds were above 80%. In this
paper we will discuss the sample preparation techniques and HPLC
methods that were used to achieve an effective method.
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3:30 MOBILE EMISSION SPECTROGRAPH USING A FIBER

-OPTIC CABLE FOR REMOTE SIGNAL ACQUISITION.

W. A Spencer, C. ]. Coleman, J. E. McCarty, and R. S. Beck,
Westinghouse Savannah River Company, Aiken, SC 29808.

The Defense Waste Processing Facility (DWPF) at the Savannah
River Site analyzes radioactive waste sludges and vitrified waste in a
small process support laboratory located inside the processing facility.
The lab desired a second ICP system to relieve its analyses load and
asked the Savannah River Technology Center to evaluate the use of a
fiber optic coupled emission spectrometer to provide additional ICP
analyses. The request asked for a design that would fit into a 24 wide x
36 long x 40 high box to be located at locations 4 and 10 meters from the
plasma source. The request asked for the stability at 2 and 6 hours
intervals and background detection limits for 5 days. Basic
characteristics of the optical pick-up as a function of distance from the
torch and height above the plasma coils were requested. In response to
the request, SRTC successfully modified an existing Thermo Jarrel Ash
Iris ICP system and characterized it to demonstrate the technology.

The modified fiber optic system covers a 190-850 nm range with
better than 0.03 nm resolution. The system was made mobile and can fit
the size requirement. Average relative standard deviation for 2 hours
was 2% and for 6 hours was 4%, Both 4 and 10 meter fiber optic cables
have detection limits comparable to those of the current DWPF
instrument. 10 meter fiber had increasing loss of signal in the UV range
and shorter fiber is preferred for measurements below 300 nm,
Solarization of the fiber occurred while viewing an emission plasma for
extended periods. New type "non-solarizing” fiber did not prevent the
UV transmission losses. The solarization of the fiber caused a severe loss
of signal below 235 nm making measurement of Ni 231.6 and Zn 213.8
lines difficult because of drifting calibration curves. Alternative lines are
available for those elements. The system was insensitive to the collection
height above the coil. Similar signals strength were obtained between 13
and 18 mm above the coil. An optimum occurred at approximately 16
mm above the coil. Measurements were made from distances as great as
40 cm from the torch with adequate signal. Signal improved with the
expected square of the distance relationship. Best signal was obtained
approximately 4 cm from the torch.
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TOTAL ANION CONTENT OF DOE RADIOACTIVE
WASTE TANK SLUDGES USING A PEROXIDE/-
HYDROXIDE FUSION PREPARATION METHOD. ] M. .
Giaquinto, D. L. Denton, J. M. Keller, and T. P. Mills,
Chemical and Analytical Sciences Division, Oak Ridge National
Laboratory, P.O. Box 2008, Oak Ridge, TN 37831-6043.

The conventional preparation method used to determine anions
in soils and studges by ion chromatography is a simple water leach of the
material. A typical anion analysis for radioactive waste tank sludges
characterized by the Radioactive Materials Analytical Laboratory
(RMAL) involves leaching up to one gram of material in a total volume
of ten milliliters with type II water. The leachate is then analyzed for
inorganic anions by ion chromatography using conductivity detection.
This method, although quick and simple, will only yield accurate results
for those anions which are present as components of water soluble
compounds or are already in the interstitial liquid of the sludges. For
waste stabilization processes however, an accurate determination of the
total anion content is needed with emphasis on total phosphorous as
phosphate and total sulfur as sulfate. As an example, tributyl phosphate
which is commonly used as an extractant in nuclear processing, may
make up a large fraction of the phosphorous present in the sludges.
Tributyl phosphate has low solubility in water and is not detected using
a water leach. The RMAL performed a study to determine the feasibility
of combining a classical high temperature peroxide/hydroxide fusion
preparation method with quantitation using modern analytical
instruments to determine the total anion content of the sludges. Data
from this study will be presented as well as the problems which had to be
resolved to obtain accurate analytical results. Future challenges and
remaining questions will also be discussed.

Oak Ridge National Laboratory is managed by Lockheed Martin Energy
Research Corp. for the U.S. Department of Energy under contract DE-
AC05-90R22464.

6:00 WESTERN BUFFET
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Wednesday, October 8

WEDNESDAY AM, IMPROVING THE QUALITY OF
ENVIRONMENTAL DATA

CHAIRMAN: PETE C. LINDAHL, ARGONNE NATIONAL
LABORATORY, Argonne, IL 60439

8:00 RESULTS OF PILOT IMPLEMENTATION STUDIES OF
DOE’S INTEGRATED PERFORMANCE EVALUATION
PROGRAM (IPEP).* P_C. Lindahl, W. E. Streets, J. J. Marz,
K. J. Parish, A. E. Scandora, Jr., and G. A. Anast, Argonne
National Laboratory, Argonne, IL 60439, W. R. Newberry, U.S.
Department of Energy, Washington, DC 20585; J. R. Dahlgran,
U.S. Department of Energy, Idaho Falls, ID 83415; C. Watkins
-and J. Connolly, Idaho National Engineering and
Environmental Laboratory, Idaho Falls, ID 83415; and J.
Fisk, U.S. Environmental Protection Agency, Washington,
DC 20460.

The Department of Energy’s (DOE’s) Office of Environmental
Management (EM) has developed the Integrated Performance Evaluation
Program (JPEP) to collate and assess analytical results from the
laboratories participating in national performance evalnation (PE)
programs. Reports of the assessments will be provided to the
participating analytical laboratories, sample management organizations,
and EM Program Managers at DOE Operations Offices, and
Headquarters. In addition, IPEP will provide guidance to these various
audiences on the need for corrective actions regarding unacceptable
performance by the laboratories. The goal is to have in place an
integrated, consistent system for assessment and continuous improvement
of laboratory performance throughout the DOE Complex.

During this past year, IPEP conducted two pilot implementation
studies, one with the Idaho National Engineering and Environmental
Laboratory (INEEL), and the other with Los Alamos National Laboratory
(LANL). The IPEP reports prepared for these pilot studies included
laboratory PE program data for the various commercial analytical
laboratories contracted to support the EM programs at these two DOE
sites. The following PE programs were used as data sources: the U.S.
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Environmental Protection Agency’s Water Pollution (WP) and Water’
Supply (WS) programs, and the DOE’s Quality Assessment Program
(QAP). These pilot studies provided an opportunity for the IPEP
developers and the users to collaborate on the format and technical
content of the IPEP reports during the developmental stage and to ensure
that the reports meet the users’ needs.

*Work supported by the U.S. Department of Energy under Contract
W-31-109-ENG-38.




QUALITY ASSURANCE TASK FORCE - 199
PERFORMANCE EVALUATION STUDY. Richard E.
Jacquish, Washington Department of Health, Radiation
Protection Division, 1906 Peachtree Lane, Richland, WA
99352.

There are approximately 12 organizations in the Pacific
Northwest that are involved in environmental radiation monitoring and
they have formed a group called the Environmental Radiation Quality
Assurance Task Force for the Pacific Northwest (QATF). One activity .
the QATF has used to evaluate and improve environmental radiation data
is to conduct quality assurance exercises that involve joint sampling, co-~
located TLDs, and intercomparison studies using split samples. These
exercises are conducted about every other year. '

In 1996, the QATF conducted an Intercomparison Study that
involved the analysis of a reference sample prepared by the Washington
Department of Health. The environmental reference sample consisted of
soil collected from the 100 Area on the Hanford site. The soil had been
contaminated with liquid effluents from the single-pass reactors which
had been shut down since the early 1970's. This type of sample was
selected because these facilities are now being characterized, cleaned up
and closed.

A large sample was collected, sieved, dried, homogenized,
packaged and distributed to the participants. All samples were analyzed
by gamma spectroscopy prior to distribution. The participants were
asked to analyze the sample in triplicate by gamma spectroscopy and they
were told that the sample contained less than 200 pCi/g of gamma
emitting radionuclides.

Analytical results were received from 12 participaﬁng
organizations. The primary radionuclides identified in the study were
WK 9Co, ¥'Cs, ’Eu, and '**Eu, and '*Eu.

This paper will discuss the results obtained by the participants,
statistical analysis of results, and the details of the sample preparation.




8:40

OVERVIEW OF DOE'S ENVIRONMENTAL

"‘MEASUREMENTS LABORATORY. Mitchell D. Erickson,

Director, US Department of Energy, Environmental
Measurements Laboratory (EML), 201 Varick Street,
New York, NY 10014.

The Environmental Measurements Laboratory (EML), located

in New York City, is a federal resource for environmental measurements
and for ensuring data quality. The Laboratory's staff of 70 is dedicated
to serving DOE's technical community by conducting environmental
measurements of radioactivity or other environmental contaminants on
site or through laboratory-based analyses of collected samples. A number
of EML's activities focus on data quality, for example, the development
of manuals, the assessment of laboratory practices, participation in
working groups, and response to DOE needs/crises. EML is celebrating
its 50th anniversary this year.
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9:00 THE LONGEVITY STUDY OF WATER SUSPENSION
STANDARDS OF HIGH EXPLOSIVES. Gracy Elias, Steven
D. Hartenstein, and William J. Carmack, Lockheed Martin
Idaho Technologies Company, Idaho National Engineering and
Environmental Laboratory, Idaho Falls, ID 83415.

The work presented here expands upon a method developed by
the Federal Aviation Administration (FAA) for the preparation of
standard suspension of high explosives. These suspensions are necessary
to produce the simulated fingerprints used to evaluate trace explosive
detection systems. The simulated fingerprints provide a safer and more
reproducible and accurate means of applying explosives to testing
surfaces. To enhance the use of these standard suspensions, work at the
Idaho National Engineering and Environmental Laboratory (INEEL) has
involved the study of the changes in the concentrations of suspensions
during storage. -

Water suspension standards of Composition C-4, Semtex H, and
Detasheet were prepared and then analyzed using High Performance
Liquid Chromatography (HPLC). The standards were stored both in a
freezer and a refrigerator. The concentrations of these standards were
checked periodically. The FAA recommended freezing for the long term
- storage of water suspensions. But the period of long term storage
recorded was only up to three days. At the INEEL, the results of long
term storage of the water suspensions of the high explosive standards of
C-4 and Semtex H show that these standards can be kept in the freezer
and refrigerator for longer period of time. The Relative Standard
Deviation (RSD) for RDX and PETN did not change considerably for
over two months in the Semtex H suspensions both in refrigerator and
freezer. The RDX concentration of C-4 in the freezer was also acceptable

after two months. The RDX concentration in C-4 which was kept in the
* refrigerator did not change considerably for one month. Detasheet
suspension concentration changed considerably both in freezer and
refrigerator samples. In addition to HPLC analysis, the suspensions were
analyzed for particle size characteristics, both in suspension/sotution and
following drying of the suspension media. The particle analysis was
completed using a volumetric particle analyzer and using a microscope
with NIH-Image particle analysis software. The observations and results
of this study as well as the particle analyses of these suspensions will be
discussed in detail. ‘
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9 *Tc BIOASSAY: A DIRECT COMPARISON OF LIQUID
SCINTILLATION RADIATION DETECTION AND ICP-MS
MASS DETECTION OF THE *Tc ISOTOPE. Linda A. Lewis
Analytical Services Organization, Lockheed Martin Energy
Systems, 113C Union Valley Road, Oak Ridge, TN 37831.

Historically, *Tc analysis has been based on the radiometric
detection of the 293 keV beta decay product by liquid scintillation or gas
flow proportional counting. In a urine matrix, the detection of **Tc has
been plagued with many difficulties using conventional radiation
detection methods. Difficulties may originate during chemical separation
due to the volatile nature of Tc,0, and/or during radiation detection due
to color/chemical quenching. A separation schems for **Tc¢ in urine has
been developed to prepare samples for analysis using ICP-MS. The
analysis of ®Tc using ICP-MS has proven to be a sensitive and robust
analytical alternative. A comparison of methods using radiometric and
mass quantitation of *Tc from a urine matrix has been conducted, and an
evaluation of results and radiometric vs. mass detection sensitivities (A
vs. k) will be presented.

9:40 BREAK
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10:10 OPTIMIZING ULTRA-HIGH PRESSURE AND
TEMPERATURE CONDITIONS FOR MICROWAVE
PREPARATION OF HIGH MOLECULAR WEIGHT
ORGANICS FOR AA AND ICP ANALYSIS. Bob Fidler
CEM Corporation, P.O. Box 200, Matthews, NC 28106-0200.

Microwave digestion techniques are well-accepted as a means
of preparing samples prior to AA and ICP analysis. Pressurization of
sample vessels accelerates the dissolution process by permitting acids to
attain higher temperatures than under ambient conditions. However, it
has been historically difficult to control the microwave digestion process
under ultra-high temperature and pressure conditions. This paper will
demonstrate new approaches for optimization of ultra-high pressure and
temperature conditions for microwave preparation of high molecular
weight organics for AA and ICP analysis.
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10:30  APPLICATION OF MULTIVARIATE METHODS TO
QUANTITATIVE ICP/AES ANALYSES. David M. Haaland,
William B. Chambers, Michael Keenan, David Melgaard, and
Howland D. T. Jones, Sandia National Laboratories,
Albuquerque, NM 87185-0342.

The advent of inductively coupled plasma atomic emission
spectrometers (ICP-AES) with CCD detectors allows the application of
multivariate methods to the quantitative analysis of the spectral data.
These methods provide distinct advantages for the determination of trace
elements in materials with high concentrations of spectral-rich elements.
The disposition of excess DOE weapon components requires the
determination of trace amounts of precious and RCRA hazardous metals
in a complex mixture of aluminum and ferrous alloys. We have applied
classical least squares (CLS) methods to the ICP-AES analysis of a set of
samples containing 12 elements typically found in recycled electronic
scrap. The elements included in the study were Ag, Al, As, Au, Cd, Cr,
Cu, Fe, Ni, Pb, Pd, and Se. By performing the CLS analysis separately
in each of 46 spectral windows and by pooling the CLS concentration
results for each element in all windows in a statistically efficient manner,
we have been able to significantly improve the accuracy and precision of
the ICP-AES analyses relative to univariate and single window
multivariate methods that are supplied with the spectrometer. This new
approach simplifies the analyses by providing a single determination
from all spectral windows simultaneously. We have compared the results
for the univariate and single window multivariate methods provided by
the instrument software to those results provided by the new CLS
method. The new method’s detection limits tend to be better than 10 ppb
for each element in the presence of multiple interferences. Detailed
improvements in detection limits, precision, and accuracy will be
presented.
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10:50 CHEMOMETRIC DATA ANALYSIS FOR. GAS
CHROMATOGRAPHIC DATA. Steven M. Thornberg and
M. R. Keenan, Analytical Chemistry Department, P.O. Box
5800, Sandia National Laboratories,* Albuquerque, NM
87185-0343 and L. J. Woods, Mason & Hanger Corporation,
P.O. Box 30020, Amarillo, TX 79120-0020.

Often sample analyses using gas chromatography yield many
peaks in the chromatogram but not the identities or quantities of
- compounds (a formidable task for samples containing many unknowns).
A need exists to be able to extract useful information from
chromatograms without having to identify and quantitate all peaks.
Examples of useful information include: 1) In which population does this
chromatogram belong? 2) Is this chromatogram “normal” for the
population or an outlier? and 3) What are the similarities or differences
of this chromatogram to the population?

Chemometric data analysis tools applied to chromatograms can
answer these questions and provide qualitative information through
pattern matching. In contrast to typical data analyses which use only
selected peaks, chemometric analyses use all meaningful data in the
chromatogram.

In this talk, results from applying these tools to over 100
chromatograms obtained from weapon gas samples will be presented.
Considerations when applying chemometric tools to chromatograms
along with data preprocessing techniques will be discussed. Special
attention will be given to finding outliers in a population since these
outliers are most interesting when trying to find anomalies.

*Sandia is a multi-program laboratory operated by Sandia Corporation,
a Lockheed Martin Company for the United States Department of
Energy under Contract DE-AC04-94 A1.85000.
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11:10 INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION
SPECTROMETRY. Zoe Grosser, Sarah Howden, and Ken
Fredeen, The Perkin-Elmer Corporation, 50 Danbury Road,
Wilton, CT 06897-0219.

Inductively coupled plasma emission spectrometry provides a
convenient and speedy analysis of a variety of environmental matrices for
trace metals. The accuracy of the method can be affected by spectral
interferences and the quality and ruggedness of compensation techniques
are critical. Laing, et al. point out that conventional interfering element
correction factors (IECs) can often yield incorrect results without
warning. Modern spectrometers, which capture spectral shape in their
measurements, rather than sparsely sampled points, can use the
additional information for more sophisticated interference correction
routines. We will describe a multicomponent spectral fitting algorithm
(MSF) for interference correction and compare it with other types of
correction for environmental samples. -
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11:30 SUBSURFACE QUANTITATIVE SITE CHARAC-
TERIZATION EMPLOYING AN IMPLANTED SAMPLING
MODULE. Ralph H. Iigner, Rob R. Smith, Roger A. Jenkins,
Chemical and Analytical Sciences Division, Oak Ridge
National Laboratory,* P.O. Box 2008, Oak Ridge, TN
37831-6120, and Daniel P. Lucero, Consulting
Thermodynamicist, 18421 Cedar Drive, Triangle, VA 22172.

An analytical system employing a diffusion limited sampling
module and a direct sampling ion trap for quantitative assessment of
subsurface fluids was developed and field tested. The sampling module
is deployable with a cone penetrometer. It can be retrieved or remain as
an implant for an indefinite time period. The device geometry, consists
of two planar membranes enclosing .a diffusion cell, provides good
implant ruggedness and reliable service in the field. Also, the sampling
module is protected within a push pipe housing to extend implant service
life. Subsurface volatile organic compound (VOC) vapors, in nanoliter
amounts, diffuse through the sampler membrane wall by a
diffusion-limited  process that is independent of the soil permeability.
The soil gas sample extraction rates or volume are in the nanoliter/min.
or microliter range. By design, the membrane soil gas diffusion
impedance is set at a much higher level than the impedance offered by
the permeability of dense clays, on the order of 0.1 millidarcy (md);
consequently, gas flow in the sampler is a membrane diffusion limited
process that is independent of the surrounding soil permeability. Of
equal importance, this design feature renders the sampler unpluggable
with soil, which is a severe operational limitation with certain other
samplers. Sample vapors are transported to the surface for analysis by
ion trap, or other analytical devices. Metered pressurized or reduced
pressure carrier gas is utilized for sample transport to the surface. The
vapors obtained are a function only of the fluid partial pressure and the
vapor conductance of the sampler. Thus, quantitative analytical data is
obtained regardless of soil conditions. The sampling module was
deployed in the field at Dover Air Force Base at depths of 5 to 8.5 feet by

*Research sponsored by the U.S. Army Environmental Center (USAEC),
DOE No 1769-F054-Al, U.S. Department of Energy under contract
DE-AC05-960R22464 with Oak Ridge National Laboratory, managed
by Lockheed Martin Energy Research Corp.
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the US Army Site Characterization and Analysis Penetrometer System
(SCAPS). Relatively small 1.75 inch diameter push pipe and the small
vapor samples extracted canse minimal soil disturbance which preserves
the integrity of the sampler subsurface surroundings. Analytical resuits
were obtained for the system sampler operating in real time and as an
implant where equilibrium was obtained between sampler interior and
the external surroundings. Resuits in the real time and implant mode
correlated to within 10%. The utility of the entire analytical system,
deployed with a US Army cone penctrometer, was satisfactorily
demonstrated. No plugging of the membranes, calibration gas ports, or
transport gas ports was noted during field implantations. More field
applications are needed to more conclusively demonstrate implant utility
for more widespread applications including ground water analysis.

11:50 LUNCH
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WEDNESDAY AM, PROCESS ANALYSIS

CHAIRMAN: R. DANIEL COSTLEY, DIAGNOSTIC
INSTRUMENTATION AND ANALYSIS LABORATORY, Mississippi
State, MS 39762

8:20 ANALYSIS OF COMPOSITES BY SCANNING TUNNELING
MICROSCOPY. Catherine E. Vallet, Chemical and Analytical
Sciences Division, and R. A. Zuhr, Solid State Division,
Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge,
TN-37831-6197.

Thin films-of {Ru0,,TiO,} mixed oxide on Ti substrates were
analyzed by Scanning Tunneling Microscopy (STM) operating in the
constant height mode. Large local differences in the tunneling current,
through a tip maintained at a constant distance form the sample surface,
reflected the difference in electrical conductivity of metallic RuO, and
semiconducting TiO,.

A digital processing of the 3D images of current gave the
composition of conductive RuO, at the sample surface. The results of
analysis for three samples are quantitatively compared with analyses by
Scanning Electron Microscopy/Energy Dispersive. X-ray imaging
(SEM/EDX) and Rutherford Backscattering Spectroscopy (RBS).

STM shows promises for giving a quantitative analysis with
high spatial resolution of nanometer composite materials of technologic
relevance to catalysis, non linear optics, sensors and electronic devices.

The RBS measurements were done at the Surface Modification and
Characterization (SMAC) user facility at ORNL.

Research sponsored by the Division of Materials Sciences, Office of Basic
Energy Sciences, U.S. Department of Energy, under contract DE-ACOS5-
940R22464 with Oak Ridge National Laboratory, managed by Lockheed
Martin Energy Research Corp.




8:40 AIR MICROWAVE PLASMA CALIBRATION FOR REAL-
TIME MONITORING OF METALS EMISSION. P. P
Waoskov, K. Hadidi, B. R. Pollack, K. M. Green, G. J. Flotes, P.
Thomas, and D. R. Cohn, Plasma Science and Fusion Center,
Massachusetts Institute of Technology, Cambridge, MA 02139,

Microwave-plasma atomic-emission spectroscopy (AES) in
undiluted furnace exhaust gases is under development as a continuous-
emissions-monitoring technology for hazardous metals. Such monitors
are needed to insure that thermal waste treatment processes do not
produce a secondary pollution stream of hazardous metals into the
atmosphere. It has been shown that a large (~ 25 mm dia. X > 100 mm),
continuous plasma sustained by microwaves in a shorted waveguide can
be flange mounted into or onto a furnace exhaust duct with a short
exhaust sample line, and that it can be a robust excitation mechanism for
sensitive, AES measurements in a furnace environment [1]. The current
challenge is to develop a real-time calibration method to quantify the
metal light emission signals under all furnace exhaust matrix conditions.
Our approach is to periodically add to the furnace off-gas sample a
known mass of one or more of the metals being monitored. This is
accomplished by a concentric pneumatic nebulizer with spray chamber
attached to a branch line of the exhaust sample lire. The nebulizer adds
approximately 0.5 L/min continuous flow to the 20-30 L/min sample
exhaust flow into the plasma. The mass transport efficiency of the
nebulizer system is established under actual operating conditions by a
comparison with direct sample insertion of a known sample mass on an
alumna rod. Results of these calibration experiments will be presented.

[1] P. P. Woskov et al., Rev. Sci. Instrum. 67(10), 3700 (1996).
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9:00 - CONTINUOUS EMISSION MONITORING OF HAZARDOUS
AIR POLLUTANT METALS IN INCINERATOR STACK
GASES. Gerhard A. Mever, Thermo Jarrell Ash Corporation,
27 Forge Parkway, Franklin, MA 02038, Jim Dunn, East
Tennessee Technology Park, Oak Ridge, TN 37831, and
Michael D. Seltzer, Naval Air Warfare Center - Weapons
Division, China Lake, CA 93555,

Thermo Jarrel Ash (TJA) has recently manufactured a
commercial automatic continuous emissions monitor (CEM) for stack gas
metals from burners and industrial furnaces. The instrument was
developed and tested by the US Naval Air Warfare Center Weapons
Division under a contract by the US Army Armaments Research
Development and Engineering Center for their explosive ordnance
deactivation project. The CEM employs automated extraction of the
sample air from a stack under isokinetic conditions, periodic introduction
of aliquots of sample air into an argon based inductively coupled plasma
(ICP) optical emission spectrometer, and simultaneous multielement
analysis of all hazardous air pollutant (HAP) metals, in addition to other
process related elements. The entire sample is analyzed by the CEM,
complete with particulate matter and moisture, i.e. no pretreatment or
filtration of the stack sample is performed prior to making the
measurement. Detection limits lower than 1 microgram per dry standard
cubic meter have been achieved for most of the HAP metals. Among
several prototype technologies presently being considered for metals
emissions monitoring, the ICP based system has been the most successful
to date in meeting many of the performance specifications drafted by the
US EPA Office of Solid Waste.

This system was recently tested at East Tennessee Technology
Park at the TSCA incinerator. The unit consisted of an inductively
coupled plasma atomic emission spectrometer detector and associated
electronics housed inside a climate controlled enclosure, comes complete
with stack sampling system, sampling interface, and software for
unattended and automatic operation of the CEM from a remote location.
Results from the recent field demonstration will be presented.
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9:20 CONTINUOUS EMISSION MONITORS BASED ON ION
TRAP TECHNOLOGY: PRELIMINARY EXPERIMENTS
AND FUTURE PROMISE. Kevin J. Hart, Chemical and
Analytical Sciences Division, Oak Ridge National Laboratory,
P.O. Box 2008, Oak Ridge, TN 37831-5120.

The commercialization of ion trap mass spectrometers for the
benchtop GC/MS market has spurred many new developments to
improve the performance of this analytical instrument. Indeed, detection
limits for some organic species have been reported in the part-per-trillion
to part-per-quadrillion range. However, the success of the ion trap on the
benchtop has also, to some extent, overshadowed the true versatility of
this remarkable device. For example, experiments have been performed
not only on positively charged organic ions using conventional electron
ionization but also negative charged organic ions, inorganic species and
even suspended particles. This presentation will review initial work
aimed at developing the ion trap for continuous emission monitoring
applications (e.g., monitoring volatile organic chemicals in flue gas) and
the future promise of ion trap-based continuous ¢mission monitors.

9:40 BREAK
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10:10 FIBER OPTIC RAMAN SPECTROSCOPY FOR IN SITU
WASTE TANK CHARACTERIZATION. Kevin R Kyle and
Steven B. Brown, R Division, Lawrence Livermore National
Laboratory, Livermore, CA 94550.

The Hanford underground storage tanks provide a challenging
environment for chemical characterization, with respect to the chemical
complexity and reactivity of the heterogeneous waste matrix. A radiation
and chemically hardened fiber optic Raman probe has been developed for
the tank environment for cone penetrometer (CPT) deployment.
Deployed in situ, the Raman probe provides a depth profile of both
inorganic and organic chemical constituents. Ex situ deployment allows
for tank leak detection utilizing sodium nitrate as a marker. Chemical
constituents are identified on(c)line by a neural network hardware
package that extracts signal from high background noise. The design of
the Raman probe and the results of hotcell testing using archived tank
waste samples will be presented.
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10:30 LIQUID LEVEL AND DENSITY SENSOR FOR LIQUID
SLURRIES. R. Daniel Costley, W. M. [ngham, and Jason A.
Simpson, Diagnostic Instrumentation and Analysis Laboratory,
Mississippi State University, Mississippi State, MS 39762.

It is extremely important for operators of vitrification facilities
to know the properties of the liquid slurries they are processing.
Currently a bubbler device (Holledge gauge) is used to determine slurry
level and slurry density in process vessels at some facilities. These
gauges have performed their intended functions well, but require frequent
and costly maintenance. The primary problem has involved either wear
or plugging of this bubbler device by the viscous slurries.

A versatile new technology has been developed which provides
slurry level and density in a single package which is more reliable than
the instrument currently used. The instrument is simply a speciaily
constructed rod, one end of which is inserted into the liquid slurry.
Torsional waves are generated in the rod, via a magnetostrictive
mechanism, by passing current through a coil which fits over the dry end
of the rod. Slurry properties are measured by sensing the torsional waves
which travel down the rod and reflect off the end inserted into the liquid.
Different properties of the slurry can be determined using rods
(waveguides) of different cross-section. Noncircular cross-sectional rods
are used to measure density. Viscosity of the slurry can be measured with
circular rods. Other properties that can be measurzd are liquid level and
temperature. An intriguing aspect of the sensor is that it can provide
information about the slurry as a function of depth, rather than at just a
fixed point. : :
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10:50 APPLICATION OF FTIR SPECTROSCOPY TO PROCESS
CONTROL. J. M. Hamilton,' H. Toghiani,” and J. S. Lindner,
Diagnostic Instrumentation and Analysis Laboratory, P.O.
Drawer MM, Mississippi State, MS 39762.

The use of FTIR spectroscopy as a continuous emission or
process monitors has augmented traditional facility characterization
methods. A number of applications exist in the pharmaceutical industry
and for combustion processes. Another possible application for FTIR
spectroscopy is as an element in conventional process control of a facility.
Most process control strategies currently used rely on standard sensors
such as.gas analyzers which do not provide speciation and quantitation
of gas phase molecules. Correlation of process emissions to crucial
control and operating variables can provide a means to assess the
environmental impact and economics of a process.

FTIR spectroscopy implemented within a suitable control
platform can provide a more detailed analysis and correlation of process
performance with principle operating variables and can facilitate the
control of the process through compositional analysis. Experiments
focusing on this implementation are currently in progress. Extractive
experiments are being investigated using a 10 m gas cell. Studies on
spectral processing and interferometer operation have indicated that
2 cm! resolution provides sufficient discrimination for interferents and
that measurement and analysis requires about 15 seconds (dependent on
the number of molecules). Thus, the FTIR measurement can provide a
rapid, on-line determination of gas phase composition for select species
which could then be used as a control variable for process operation.
Experiments on the DIAL 150 kW torch are in progress. Details of the
implementation issues associated with using diagnostic instrumentation
in control schemes will be discussed.

'MS Student Department of Chemical Engineering
2Joint Appointment Department of Chemical Engineering

45







