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Notice

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product or process disclosed or represents
that its use would not infringe privately-owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed therein do not necessarily
state or reflect those of the United States Government or any agency thereof.
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Executive ummary

The Diagnostic Instrumentation and Analysis Laboratory (DIAL)
at Mississippi State University (MSU) will undertake three tasks for
DOE EM during the period April 1, 1999 through March 31, 2000.

Task 1. I nstrumentation Development

Instrumentation will be developed for unique DOE site needs.
Some of the needsidentified by the DOE sites require development of
new instrumentation, for example, development of continuous emis-
sions monitors for metals, or for dioxins and furans. DIAL, with its
rare ability to both develop, adapt, and simulate field service of new
instrumentation, isideally suited for this mission.

Air plasma off-gas emission monitor. We eval uated the Technical Peer
Review Report findings and recommendations that arose from the
AM SE Technical Review of the “Development of a Multi element
Metal Continuous Emissions Monitor” that took place at the Charac-
terization, Monitoring, and Sensor Technology (CMST) Crosscutting
Program, March 8-12, 1999 in Gaithersburg/ColumbiaMD. These
recommendations were found to largely mirror the research program
already underway at DIAL. The additional recommendations not
aready in place were incorporated into the research plan. Instituted a
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Executive Summary

search to find areplacement for Dr. Zhu. The position was filled with
the hiring of Dr. Tao. Preparations were begun for testing of the
reduced pressure air-ICP, being developed in collaboration with
Ames Laboratory (Dr. David Baldwin), scheduled for August/Sep-
tember 1999 at DIAL. A paper was submitted to the Journal of Air
and Waste Management A ssociation.

Volatile or ganic compound monitoring using diode lasers. Diode |laser
absorption spectroscopy was employed to carry out measurements of
trace quantities of chlorobenzene under vacuum conditionsand in
atmospheric-pressure air. To our knowledge, these are the first such
measurements. The results obtained correlated well with our previous
atmospheric pressure measurements for benzene. As with our ben-
zene studies, these efforts indicated that atmospheric pressure broad-
ening does not negatively impact our ability to measure
chlorobenzene in air. Due to the better overlap of our laser wave-
length with the chlorobenzene absorption, our detection limits for
chlorobenzene were improved over those obtained for benzene.

Task 2. Measurement Support

M easurement services will be provided for DOE sites. In some
cases, a specific site will not be able to justify the cost of a new
instrument but will need it to achieve a programmatic objective.
DIAL can take its instrumentation to the DOE site to provide the
measurements needed.

Task 3. Performance Evaluation

The performance of environmental technologieswill be evaluated
for DOE. DOE EM needs atool which will rapidly, and without bias,
allow it to compare the performance of technologies against the
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Executive Summary

field's needs, so that it can focus its development dollars on the high-
est impact targets. DOE EM also needs atool to rapidly screen new
technologies to assist in the most effective allocation of its devel op-
ment funding. Further, the technology developers (and DOE EM)
need atool to expedite the acceptance of devel oped technologiesinto
the DOE EM user facilities. DIAL isideally suited to address both of
these needs. Through its network of contacts within the DOE sites,
DIAL can rapidly €elicit user needs. Through its knowledge of the
technol ogies needed, and its network of contactsin industry, DIAL
can rapidly identify promising candidates to satisfy those needs.
DIAL’s experienced multidisciplinary staff can then provide users
with the information they need to make deployment decisions, by
using DIAL’s wide-ranging measurement capabilitiesin either its
own testing facilities, or in those of its network of collaborators if
more appropriate for a given application.

Dissolution of Hanford Salt. Experimental results are presented for
the Na-F-PO4-OH system. This dataiis critical since two of the three
molecular components, trisodium phosphate and natrophosphate have
atendency to form large crystals that may lead to pipe fouling and
eventual plugging of transfer lines. The data are briefly compared
with the theoretical predictions from two different thermodynamic
models. Additional fitting of the data followed by the devel opment of
areference database will improve the ESP predictions for thisimpor-
tant system.

Wall removal monitor. In support of the DOE’s decontamination and
decommissioning (D& D) of concrete structures, DIAL has devel oped
atechnology for monitoring scabbling operations. To D& D a con-
crete structure, the thin (~.5 inch) layer of contaminated concrete is
removed by a process called scabbling. Current technology requires a
surveying crew to measure points on the structure at 1-foot intervals.
After the survey is completed the scabbling contractor performs the
removal operation, and then the surveying crew comes back to make
measurements. This processis time consuming and complicated, and
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Executive Summary

if the contractor does not remove the required amount of material,
additional cost and time is required to correct and re-measure the
results. The wall removal monitor runsin real time providing infor-
mation about the amount of material removed while the scabbling
operation is occurring. In tests, the system is placed ~30 feet from the
wall (well out of the way of operating machinery) and measures 145
square feet at atime. Data collection takes only seconds, and set-up
requires only 30 minutes.

Drum pressure monitor. Due to the aging of stockpiles of stored
waste, especially those in 55-gallon drums, containers are becoming
pressurized and are rupturing. Several events have been recorded in
the DOE’s Operating Experience Weekly Summary by the Office of
Nuclear Safety (OEWS 95-02) where drums have ruptured and
spilled hazardous contents or destroyed property (such as overhead
light fixtures). A method of detecting drums that are under pressure
has been developed at DIAL. The method relates the pressure in the
drum to the frequency at which the lid vibrates. We are currently
refining our models, establishing detection limits, and searching for
commercia partners.

Plasma treatment of VOCsand other off-gas components by pulsed micro-
hollow cathode plasma array. Preliminary design work was completed

and purchase orders written for the power supply and vacuum compo-
nents. Additional progress has been delayed due to alack of man-
power.

Laser-induced breakdown spectroscopy. An all-optical fiber LIBS
probe was built for glass measurement in the thermal waste process
facility. The optical fiber for transmitting the laser beam was tested to
determine its capability to withstand high laser energy for along
period of time. To evaluate the performance of the optic fiber LIBS
system, LIBS measurements of solid sample were made using this
optical fiber LIBS probe.
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TASK 1

| nstrumentation Devel opment

Many of the DOE sites require devel opment of new instrumenta-
tion, for example, development of continuous emissions monitors for
metals, or for dioxins and furans. DIAL is developing or adapting
instrumentation to meet field needs. In each case, these instruments
are being developed and tested under ssimulated service conditionsto
increase the probability of success.

DIAL isdeveloping new instruments, or adapting existing instru-
mentation, to address DOE needs. This year, development of emis-
sions monitors for metals and for dioxins and furans continues.
Development of instrumentation to determine trace levels of actinides
in process solutions or groundwater also continues. Devel opment of
more compact process monitors using diode lasers has been initia-
teed. The feasibility of using remote sensing techniques to character-
ize solid waste, and of a guided wave technique to determine whether
aleak existsin awaste tank, is also being determined.
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Task 1. Instrumentation Development

Air Plasma Off-gas Emission Monitor

G. P. Miller

Introduction
Technology Description

Increasing regulatory demands requiring significant reductionsin
the emission of hazardous air pollutants have led to the need for tech-
niques capable of providing real time monitoring, at the stack, of
toxic metals in combustion gas streams. These waste streams range
from coal fired boilers, and municipal waste combustors to plasma
vitrification systems used for the remediation of low level radioactive
waste. Thislack of afieldable continuous emission metal monitor
(CEM) and process monitor (PM) has been recognized as a signifi-
cant gap in the avail able technology. The system described below has
been designed to fill this gap.

Over the last twenty years the use of argon ICP-AES for the mea-
surement of trace elements in solution has matured into a standard
analytical technique. However, unlike the laboratory ICP, it is essen-
tial for a CEM that the system be hardened sufficiently to handle the
problems of areal world environment. These problems include the
ability to readily tolerate the introduction of avariety of molecular
gas matrices, significant variationsin moisture and particleloading as
well as the thermal, vibrational and clogging problems found outside
the laboratory. The system under development at DIAL has taken the
advantages inherent in inductively coupled plasma technology and
incorporated them into APO-GEM, a CEM capable of tolerating the
real world environment while accurately measuring the real time con-
centration of metalsin exhaust stacks. Although APO-GEM provides
significant reduction in operating costs, the main advantages of theair
plasmaliein itsincreased tolerance of molecular gases, particle load-
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Task 1. Instrumentation Development

ing and reduced susceptibility to moisture content (due to more effi-
cient heat transfer from the air plasmato the sample). On the other
hand, it requires higher rf powers and the maximum available ioniza-
tion energy is reduced from that available in an argon plasma.

The introduction of exhaust gases into the air plasmaresultsin a
considerably more complex spectra than the line spectraseenin an
argon plasma. The emission spectra includes numerous molecular
bands (e.g., OH, CN, NO, N2*) in the wavelength regions of interest
(200 - 350 nm). Thisincrease in interferences places stringent
requirements on both the resolution of the detection system and the
software used to analyze the data. We are devel oping two separate
approaches to address these problems, a unique chemometric soft-
ware package to handle the analysis and an ongoing collaboration
with Ames National Laboratory to reduce the size of the detection
system while increasing the resolution.

The remaining hardware required to complete the system consists
of an isokinetic sampling interface between the APO-GEM and the
exhaust duct. The extractive sampling techniques used introduce the
sample stream into a controlled environment where matrix effects are
minimized and the plasma properties are stabilized. Calibration is
handled by a unique system which mixes calibration standards with
the combustion stream via the isokinetic sampling apparatus. This
effectively compensatesfor any remaining matrix effects, optionsthat
are impossible for in-stack methods.

| nstrumentation

The APO-GEM system incorporates a novel 3.5-kW solid state
27.12-MHz rf generator with the load coil modified for air plasma
operation. Thisis coupled to a detection system with the off-gas sam-
ple being extracted from the duct and introduced into the air plasma
viaan isokinetic sampling system. Figure 1 is a schematic diagram of
the APO-GEM continuous emission monitor.
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Task 1. Instrumentation Development
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FIGURE 1. APO-GEM schematic diagram.

The APO-GEM plasmais started using argon and progressively
switched over to air. Calibration is performed using an ultrasonic neb-
ulizer. The detection system uses a 1-m monochromator, and CCD
detector. This remains the largest single component of the system. It
has adequate resolution but operates sequentially and is relatively
large. It, nevertheless, provides the ideal platform for identifying and
characterizing the spectral emissions and possible interferences aris-
ing from unidentified components making up exhaust gas emissions.
(To provide simultaneous metal concentration measurements, this
monochromator could be replaced by a polychromator.) In addition,
we are evaluating a novel solid state spectrometer developed for this
project by Dr. David Baldwin at Ames National Laboratory. This
instrument is compact, thermally and vibrationally stable. It usesa
combination of an acousto optic tunable filter and an echelle grating
to provide the resolution of a 1.5-m monochromator into a 10-kg
package. The successful combination of the solid state APO-GEM
and this spectrometer represents a large step forward in instrument
development and will reduce the overall size and weight of the com-
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Task 1. Instrumentation Development

plete package substantially (from the original ~1000 kg, to the
present 250 kg, then to ~150 kg) while improving the resolution, and
thereby the detection limits.

I sokinetic sampling system. To correctly measure the concentration
of metals present within an exhaust gas stream it is necessary to intro-
duce a sample from the exhaust gas stream into the |CP under isoki-
netic conditions. Therefore, a sampling system has been designed to
extract such a sample from a gas stream and introduce it into the air
plasmafor analysis. The system operates by filling aloop with sam-
ple gas and then pushing this sample with air into the plasma. The
robustness of the air plasma permits an optimum sample flow rate
into the ICP of 1.14 sl/min, approximately three times more than tol -
erated by an argon plasma.

Calibration. An important concern with any CEM is the question
of calibration. In thisinstance, instrument calibration follows a modi-
fied standard | CP calibration procedure.r An ultrasonic nebulizer is
used to provide metal containing aerosols at a known concentration
(ug/m3). This concentration is determined from

C.ue

(EQ1)

where Ca isthe aerosol concentration (x 10° pg/m?), C, isthe stan-
dard solution concentration (pg/gsolv), U is the solution uptake to the
ultrasonic nebulizer, F isthe air flow rate to the plasma, and € isthe
nebulizer efficiency. The efficiency of the nebulizer was determined
both in the laboratory and again on site prior to the test. For theinitial
instrument calibration, the metal aerosol was mixed with ambient air.
Instrument response was checked against standard calibration curves
prepared previously. In the field, the presence of fly ash aswell as
variations in loading and exhaust gas composition allow the possibil-
ity of substantial matrix effects significantly impacting the results of
any real world analysis. This variation in composition between labo-
ratory air and the exhaust gas composition renders any direct compar-
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Task 1. Instrumentation Development

ison of the laboratory air calibrations to the instrument off-gas
response highly suspect. To circumvent this problem, we have devel-
oped anovel technique whereby the calibration standards are mixed
with the exhaust off-gas at the entrance to the sampling loop while
mai ntai ning isokinetic conditions. This ensures that the standard and
off-gas sample are matrix matched. This allows recalibration and QA
checks to be performed on-line under actual operating conditions.

To further improve the sensitivity of the instrument, a novel
chemometric software package has been developed which, by model-
ing background spectrum (at the spectra regions of interest), effec-
tively reduces the background noise and thus improves the instrument
sensitivity. To apply this method accurately, data from the spectral
regions of interest was collected during the shakedown period prior to
the test. In addition, as the instrument presently employs a sequential
detection system, wavelength calibration is essential. A chemometric
based software package was developed to check and, if necessary,
correct wavelength calibration. This software checks the wavel ength
position with respect to the pixel position on the CCD every time the
wavelength setting is changed as well as periodically checking for
instrument drift.

Detection limits. The toxic metals species of concern to EPA and
DOE includeAs, Be, Cd, Cr, Hg, Sh, and Pb. The present detection
limits for a number of metals are given in Table 1. Further improve-
ments in sensitivity are required to meet the expected emission limits.

TABLE 1. Detection limits for the
APO-GEM for various metals.

Metal Detection Limits
Instrument (ug/dscm)
As 47
Be 0.07
Cd 25
Co 0.6
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Task 1. Instrumentation Development

TABLE 1. Detection limitsfor the
APO-GEM for various metals.

Metal Detection Limits
Instrument (ug/dscm)
Cr 0.25
Hg 20
Mg 0.05
Ni 0.4
Pb 0.9
Sh 55
Sr 0.003

Metal concentrations and relative accuracy. The DOE/EPA demon-
stration at Raleigh was the first opportunity to check the accuracy and
quality of the data provided by the APO-GEM. The relative errors
with respect to EPA Method 29 are given in Table 2. Three of thefive
metals are within 30% for the high concentration level (75 pg/dscm).
None are within that range at the low concentration level (15 pg/
dscm). These results are excellent considering the uncertainty present
in the RM data at these low levels.

TABLE 2. Relative accuracy of DIAL Air-ICP data.

Be Cd Cr Hg Pb
RM1to10 | 40% | 26% | 40% | 13% | 21%
RM11t020 | 43% | 46% | 59% | 67% | 42%

Wor k Accomplished

Analytical results for the RM-29 samples collected during the
testing of the continuous-sampling at DIAL were received after com-
pletion of the last quarterly report and are included below. A certified,
off-site analytical laboratory obtained these results, using standard
analysis methods to determine the metal concentrations for the solu-
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Task 1. Instrumentation Development

TABLE 3. Analysisresultsfor RM-29 sampling and the
continuous sampling Air-ICP CEM at DIAL.

RM-29 Results (pg/dscm)
Run 1 Run 2

Beryllium 70 73
Cadmium 75 87
Chromium 60 63
Lead 70 74
Mercury 66 -

Continuous Sampling Air-ICP Values (pg/dscm)
Run 1 Run 2

RM-29 Calibration
Sampling Spiking

Beryllium 73 52 -
Cadmium - - -
Chromium 63 57 -
Lead 56 44 -
Mercury - - -

Difference (%)
Run 1 Run 2

RM-29 Calibration
Sampling Spiking

Beryllium (+)4.3 (-)25.7 -
Cadmium - - -
Chromium (+)5.0 (-)5.0 -
Lead (-)20.0 (-)37.1 -
Mercury - - -

tions collected during the DIAL test. The results for Be, Cd, Cr, Pb,
and Hg arelisted in Table 3, for the two RM-29 sampl e sets collected
on September 16, 1999. The values for all five metals are fairly con-

DIAL 40395-6 12



Task 1. Instrumentation Development

sistent, with most of the determined values between 60 and 75 pg/
dscm. For Run 1, the average value for the five metalsis 68.2 g/
dscm, and the relative standard deviation (rsd) is 8.2%. For Run 2, the
average value for the four metals (Hg was not determined) is 74.3 pg/
dscm, and thersd is 13.3%. The higher average and rsd for Run 2 are
primarily due to the higher values obtained for Cd.

The aerosol concentrations determined by continuous sampling
air-ICP for Be, Cr, and Pb are listed in Table 3. Cadmium and Hg
were not detected using the air-I CP system during the testing at
DIAL, so no values are tabulated for these metals. As discussed in
last quarter’s report, the detection limits for Cd and Hg during the
testing at DIAL were poorer than laboratory determined air-ICP val-
ues, and higher than the RM-29 measured aerosol concentrations for
these metals. For Be, Cr, and Pb, two values are listed in Table 3 for
RM-29, Run 1. The “calibration spiking” column lists the values
obtained for the time scan monitoring and calibration spiking experi-
ments performed after the RM-29 sampling. The “RM-29 sampling”
column of air-1CP valueslists the metal aerosol concentrationsfor the
time scan monitoring performed during the RM-29 sampling period,
calculated using the calibration curves obtained from the spiking
experiments. The air-1CP aerosol concentrations listed in Table 3
were cal culated using measured values for the ultrasonic nebulizer
efficiency and gas flow rate through the Teflon sampling chamber,
obtained at the completion of testing at DIAL. The differencein the
measured and estimated nebulizer efficiency (14.2% and 15%,
respectively), accounts for the difference in the calculated and mea-
sured sampling chamber gas flow rates (22 and 20.75 L/min) reported
in the body of test report. No air-ICP concentrations for Be, Cr, and
Pb are listed in Table 3 for the second RM-29 sampling period. These
three metal s were detected using the continuous sampling air-1CP
system during the second RM-29 run on September16 at levels com-
parable to the values measured during Run 1, but no calibration spik-
ing experiments were performed during or after this sampling period.
In addition, a change in the optical alignment of the 0.2-m monochro-
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mator-echelle spectrometer made at the beginning of RM-29 Run 2
making the calibration curves for Be, Cr, and Pb obtained for Run 1
invalid for Run 2.

For Be, Cr, and Pb, higher air-ICP signal intensities were mea-
sured during the RM-29 sampling period than those measured | ater,
during the calibration spiking experiments that were done. Therefore,
the RM-29 air-ICP determined aerosol concentrations listed in Table
3 are higher (73, 63, and 56 pg/dscm for Be, Cr, and Pb) than the cal-
ibration spiking values (52, 57, and 44 pg/dscm, respectively). The
reason for this difference is not known but is being investigated. The
sampling probe used for the RM-29 sampling was removed from the
stack after RM-29 Run 1, prior to the air-1CP calibration spiking
experiments. This may have caused differences in the stack gas flow
patternsin the vicinity of the air-1CP probe for the calibration spiking
experiments compared to the RM-29 sampling time period. After the
RM-29 probe was removed from the stack, the Roots blower speed
was reduced dlightly to re-establish the same gas flow rate into the
axial channel of the ICP torch (0.3 in. of water differential pressure
indicated on the ail filled manometer) that was used during the RM-
29 sampling period. As discussed in test report, if calibration spiking
experiments had been performed during and after the RM-29 sam-
pling (rather than only after the sampling period), more insight into
the likely reasons for the differences between the calibration spiking
and RM-29 air-1CP results would have been obtained. The accuracy
of the air-ICP determined aerosol concentrations compared to the
RM-29 resultsis also listed in Table 3. For Be and Cr, the air-ICP
concentrations determined during the RM-29 sampling period are
about 5% higher than the RM-29 results; for Pb, the air-1CP deter-
mined concentration is less accurate, 20% lower than the RM-29
value. The reason for the poorer accuracy for Pb, compared to that for
Be and Cr, is not known. The calibration spiking air-1CP aerosol con-
centrations for Be, Cr, and Pb, determined after the RM-29 sampling
period, are about 5 - 40% lower than the RM-29 results.
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FutureWork

A small spectrometer has been ordered as a temporary replace-
ment for the broken AOTF. The cost of multi frequency AOTF
replacement has been included in next year’s budget. The spectrome-
ter will used to continue devel opment of the system until it arrives. In
the meantime, work will focus on evaluating the Hg lamp-echelle
spectrometer as an elemental mercury monitor.

Reference

1. D.P. Baldwin, D.S. Zamzow, D.E. Eckels, R. Wiser, S-Q. Tao and G.P.
Miller. September 1999. Testing of a Continuous Sampling Air-ICP Sys-
tem as a Continuous Emission Monitor at the Diagnostic | nstrumentation
and Analysis Laboratory. Ames Laboratory-US DOE Report 1S-5138.

Detection of Toxic Compounds by Cavity Ring-Down
Spectroscopy

Ram Vasudev

I ntroduction

The goal of thisproject isto apply cavity ring-down spectroscopy
(CRDS) to the detection of toxic compounds, the current emphasis
being on chlorinated organic compounds of environmental concern.
For ageneral description of the technique and experimental setup, the
reader isreferred to our earlier reports.

Recent Work

Work is continuing on acquiring spectra of chlorinated aromatics
by CRDS and on improving the detection limits. We are finding that
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the absorption wavelengths are quite sensitive to the location of chlo-
rine substituents on the phenyl ring (i.e., the molecular structure). In
addition, the band shapes (rotational contours) are also sensitive to
molecular structure. These spectroscopic propertieswill be useful for
distinguishing different toxic compounds (including structural iso-
mers) in eventual field experiments. Work is also continuing on spec-
troscopic simulation programsfor comparison of experimental results
with calculations. These results will be the subject of a paper to be
submitted for publication.

Future Plans

Work will continue on toxic compounds of interest to DOE and
thosein EPA's TRI list.

Volatile Organic Compound Monitoring Using Diode
Lasers

C. P.Winstead

I ntroduction

The United States Department of Energy currently operates three
mixed waste thermal treatment facilities (TSCA at Oak Ridge, WERF
at INEL, and CIF at Savannah River). A clearly identified need for
these facilities is continuous emission monitoring for a number of
volatile organic compounds (VOCs). For example, Table Il of the
Savannah River Site Technology Need Statement #SR-1004 lists 16
organic species as potential candidates for continuous emission mon-
itoring at the CIF. The primary motivations for application of CEM
technology at the CIF are reducing or eliminating the need for peri-
odic trial burn testing and reducing the scope of required feed testing.
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Increased public confidence in incinerator operationsis also an
important by product of CEM implementation. A savings of approxi-
mately $108M is estimated to result from successful installation of
CEM technology at the CIF aone. In addition, numerous other DOE
sites and facilities are interested in trace VOC measurements (e.g.,
widespread interest in measurements for TCE).

Diode lasers are extremely small and relatively inexpensive com-
pared to other laser and spectroscopic systems. Because of similari-
tiesin vibrational frequenciesfor carbon hydrogen bonds, absorption
of diode laser light will be observable for avariety of VOCs over a
wavelength range of approximately 1.6 - 1.8 micrometers, aregion
accessible to quantum well distributed feedback diode lasers. Such
lasers exhibit long lifetimes and robust performance and are well
developed for telecommunications applications. Thus, quantification
of diode laser detection limits for VOCsis desirable for applications
in continuous emission monitoring or other environmental measure-
ment applications. The concentration of VOCsin air can be deter-
mined by measuring the amount of laser light absorbed as the beam
crosses a known pathlength of air.

Our initial measurements are focusing on long pathlength diode
laser absorption spectroscopy. Should lower detection limits be
required, theseinitial results will pave the way for future increased
sensitivity methods such as diode laser cavity ringdown spectroscopy.
An eventual organic CEM product is envisioned where multiple
lasers are multiplexed into a single fiber for introduction into a sam-
ple cell. By modulating each laser at a different frequency or at differ-
ent times, multiple species measurements can be carried out using a
single fiber optic cable and one detector. Demodulation of the signals
can yield multiple species measurements with one fiber much the
same way multiple telephone calls are carried on one fiber.

The experimental configuration used for these initial investiga-
tionsis depicted in Figure 2. Precision current and temperature con-
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trollers are used to drive the output from the diode laser. The
wavelength of the laser is roughly controlled by laser temperature
while fine wavelength control is exerted using the laser current. The
output beam from the diode is directed into a multipass cell which,
depending upon the number of passes that the beam makes through
the cell, can be set for an optical pathlength of up to 50.4 meters. A
mechanical vacuum pump is used to evacuate the cell and various
gases are subsequently added when absorption measurements are to
be made. The pressure in the cell is measured using a capacitance
type pressure gauge. The laser light exiting the cell is detected on a
photodiode detector connected to alock in amplifier. Theratio of
light transmitted by the cell both with and without a sample gas
present is used to calculate the total concentration of sample present.
A beam splitter placed between the laser and the cell can be used to
divert afraction of the laser beam, providing areference signal unper-
turbed by absorption in the cell. A frequency generator can be
employed to modul ate the diode laser current and provide areference
signal for the lock in amplifier. The actions of the laser controller and
the data acquisition are all managed by a personal computer.

Laser
GPIB Diode

Personal Interface | Laser ' Multipass
Computer Driver Absorption Cell
Vacuum
A —
Pump
RF T
Signal ﬁ
= Reference Lockei
requency | Signal ock-in
Generator " Amplifier Detector

FIGURE 2. Experimental configuration for diode laser absor ption spectrometry

Wor k Accomplished

The system depicted in Figure 2 was employed to make measure-
ments of trace levels of chlorobenzene under vacuum and in air in a
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similar manner to benzene measurements reported in our last quar-
terly report. The volume ratio sample introduction system described
inlast quarter’sreport was again used to provide small concentrations
of chlorobenzene in near atmospheric pressure air.

Figures 3 and 4 depict the results of chlorobenzene absorption
experiments carried out using 1656 nm light in vacuum and in 730
Torr of air, respectively. The 730 Torr pressureisjust slightly below
atmospheric pressure so that the sample will not leak from the vac-
uum cell. This slight reduction has no significant effect on the results,
asisevidenced by comparison of Figures 3 and 4. The change from
vacuum to higher pressure experiments does not decrease the sensi-
tivity of the measurements for chlorobenzene, asis evidenced by the
similarity in the slopes for the linear fit in each figure. While this may
seem counter to usual experience, the basis for thisresult isthat the
chlorobenzene spectrum is already very broad even at low pressures
due to overlapping rotational transitions. Hence, the broadening of
individual rotational lines does not cause areduction in sensitivity.
Note that the scatter observed for previous benzene experimentsis
significantly reduced in Figures 3 and 4. While benzene rapidly
adsorbs onto the cell surfaces, thus changing its partial pressure very
rapidly, chlorobenzene is much more stable. Thus the reduction in
scatter is actually due to an increased accuracy of the pressure mea-
surement, and not the absorption measurement itself. Although the
wavelength of the laser used for these studies was not optimized for
chlorobenzene detection (the laser was constructed for monitoring
CHa4), an atmospheric pressure detection limit of 54 ppm for chlo-
robenzene in air was achieved for the 47.6-meter pathlength sample
cell configuration used here. By obtaining alaser constructed for the
maximum absorption wavelength of chlorobenzene, and by focusing
on electronic noise reduction, this detection limit could readily be
lowered by up to an order of magnitude.
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FIGURE 3. Absorbance measurementsfor pure chlorobenzene with diode laser
temperature set at 35 C.
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FIGURE 4. Absorbance measurementsfor chlorobenzenein 730 Torr of air with
diode laser temperature set at 35 C.
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Work Planned

In the next quarter, we will continue our efforts to devel op meth-
ods for increasing the sensitivity of these diode laser measurements
further. While the simple absorption experiments carried out thus far
could easily be extended to a sensitivity level sufficient for making
indoor air quality monitoring measurements, the detection limits
must be lowered significantly for continuous emission monitoring
from incinerator stacks. We will investigate methods available for
achieving these lower detection limits, including methods such as
diode laser cavity ringdown spectroscopy, and will design a system
for construction in our next fiscal year.

Nomenclature
VOC: Volatile Organic Compound
CEM: Continuous Emission Monitor

FM: Frequency Modulation

Laser Induced Fluorescence Spectrometry of
Radionuclides

David L. Monts
I ntroduction
Purpose

The purpose of the Laser Induced Fluorescence (LIF) project isto
provide the U.S. Department of Energy (DOE) with arobust, cost
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effective technique capable of rapidly and accurately determining the
concentrations and isotopic abundances of long lived radionuclides
(such as uranium and plutonium) without the need for lengthy sample
preparation. Knowledge of isotopic abundances is necessary since
different isotopes can have widely differing activities. The niche for
this technique is determination of concentrations and isotopic abun-
dancesfor cases where current techniques are severely limited by low
throughput such as: (1) cases where the radioactivity is so low that
radioactive decay disintegration counting techniques cannot analyze
samples during acceptable counting periods; and (2) cases where
lengthy sample preparation is required for mass spectrometric deter-
mination. For these situations, LIF can save tax dollars by reducing or
eliminating holding batch samples for time consuming analyses. In
addition, since this technique is applicable to awide variety of other
species, it may also be deployed as a monitor of other species of con-
cern, such asTc.

Methodol ogy

Laser induced fluorescence (LIF) spectrometry isawell estab-
lished, robust technique for detecting species of interest at low con-
centrations. In the LIF technique (Fig. 5), an electronic state of the
species of interest is excited with atunable laser and the resulting flu-
orescence intensity is monitored as a function of laser wavelength.
Since the mass of isotopes are different from one another, the corre-
sponding atomic energy levels are dightly different (Fig. 6). Conse-
quently, when a sufficiently high resolution tunable laser is scanned
across an atomic electronic transition, the resulting LIF spectrum
contains a peak associated with each isotope present; the intensities
of the isotopic peaks are directly related to the concentration of the
isotope. Hence, the isotopic abundances can readily be obtained from
the L1F spectrum. In order that the individual isotopic transitions can
be resolved, it is necessary that the species of interest be in the gas
phase. For the TRU elements of interest, an atomization sourceis
required in order to volatilize and atomize the sample. A calibration
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curve is obtained by recording the LIF signal intensity as afunction
of concentration. Using the calibration curve, unknown concentra-
tions can be determined.

Narrowband Atomization
—_—
Laser Source

@ Lens

Spectrometer
Detector

FIGURE 5. Schematic of the laser induced
fluorescence spectrometry technique.

U-238

Isotope shift
— f—

U-235

U-238 Emission

U3 Intensity

U-235 U-238 Wavelength A

FIGURE 6. Schematic of isotopic ener gy shifts and the associated
LIF spectrum.

Wor k Accomplished

In order to make progress on the use of LIF for isotopic determi-
nation of TRU elements, there are three prerequisite needs that must
be meet. Thefirst is the capability to work with actinides, such as ura-
nium. Mississippi State University’s license has been extended to per-
mit controlled usage of elements with atomic numbersin the range of
84 (Po) through 98 (Cf). The license extension was granted to the uni-

DIAL 40395-6 23



Task 1. Instrumentation Development

versity, and the university had the required capabilities to begin
implementing the license in July. An application to the university’s
Radiological Safety Committee for permission for usto perform the
laser induced fluorescence spectrometry experiments on dilute ura-
nium solutions was approved during August, contingent upon us hav-
ing in place a dedicated vent line and standard capabilities for
routinely working with radiological samples. Construction of the
dedicated vent line began and was almost compl eted; delay in deliv-
ery of HEPA filtersfor the vent line precluded completion during this
quarter.

The second prerequisite need is the need for a sufficiently hot
atomization source in order to efficiently atomize uranium. During
January, an |CP atomization source was ordered with a promised
delivery date in May. This |CP atomization source was not delivered
during May; in fact it was not delivered during either the second or
third quarter of 1999. Because of the prolonged delay in delivery of
this essential piece of equipment, progress on this project was
severely hampered during this quarter since the next group of experi-
ments require this equipment. Therefore during this quarter we con-
centrated most of our efforts on our other projects for DOE.

Work Planned

When the | CP atomization source is received, we will begin a
series of experiments to optimize operation of the ICP system ini-
tially using argon as the carrier gas and surrogates and then uranium
as the analyte species.

The third prerequisite need for successful completion of this
project isfor asufficiently narrow linewidth, tunable laser system that
can be reproducibly scanned. DIAL's cavity ringdown spectroscopy
group will permit us to use their new moderately high resolution dye
laser system to perform some preliminary experimentsin an ICP
plasma. If, as expected, these LIF experiments prove that such a mod-
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erately high resolution tunable laser system has sufficient resolution
for the TRU elements, then funds for purchase of a comparable dye
laser system will be requested for FY 2000; if the experiments indi-
cate that even higher resolution is required, then additional funding

will be sought in order to purchase an ultra high resolution tunable

laser system.

Nomenclature

DIAL Diagnostic Instrumentation and Analysis Laboratory

ICP inductively coupled plasma

INEEL Idaho National Engineering and Environmental Labo-
ratory

LIF laser induced fluorescence

nm nanometer

ppm parts per million

TRU transuranic

Cavity Ringdown Monitors for Transuranic Elements
C. P.Winstead and G. P. Miller
Introduction
The Idaho National Engineering and Environmental Laboratory

has expressed a need for monitoring residual transuranic (TRU) ele-
mentsin treated high level waste. Specifically, a need exists for on-
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line monitoring of the low activity fraction of this treated waste after
dissolution and partitioning. Such a system could replace expensive
off-line sampling and analysis and eliminate the need for holding
tanksin the ldaho HLW process. However, detecting TRU elements
at ultra sensitive levels has proven to be problematic for traditional
radiological counting methods due to the long half lives of these pre-
dominantly alpha emitter elements.

Cavity ringdown is arelatively new variant of absorption spec-
troscopy that has demonstrated extreme sensitivity in avariety of
studies. In pulsed cavity ringdown spectroscopy, a pulse from atun-
able laser isintroduced through the end mirror of a stable optical cav-
ity. Thisoptical cavity isformed from two highly reflective mirrors,
and servesto trap the fraction of the laser pulse that enters the cavity.
The laser pulse interacts with an absorbing medium in the cavity for
up to thousands of cavity round trips. The reflectivity of the mirrors
and the absorption of the sample in the cavity determine the decay
timefor the pulse. Asthe absorption in the cavity increases, the decay
time for the light in the cavity decreases. By inserting into the cavity
an appropriate atomization source, such as an inductively coupled
plasma or graphite furnace, very low concentrations of the various
chemical forms of TRU elements can be atomized and detected using
cavity ringdown.

The primary objective of this project isto evaluate cavity ring-
down spectroscopy as atechnique for detecting and monitoring tran-
suranic elements. No ringdown measurements of uranium or
transuranic elements have been carried out to date. If these measure-
ments prove to have the necessary sensitivity for monitoring needs, a
monitor based on aringdown method could be developed for DOE.
Thiswork is directly applicable for many DOE sites, including
INEEL and Hanford as mentioned above, and if successful will likely
find use in al DOE focus areas.
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Wor k Accomplished

Due to regulatory restrictions, no cavity ringdown measurements
for uranium or transuranic elements were carried out during thistime
period. However, the permitting processis very nearly complete and
final approval for the use of uraniumis expected in early 2000. A new
ventilation system with HEPA filtration was installed to provide a
separate exhaust pathway for uranium. We have continued to opti-
mize the operating parameters for our inductively coupled plasma
system to enable its use as an efficient atomization source. These
efforts have primarily focused on mercury during this reporting
period. However, the experience gained in developing cavity ring-
down for other elements will be directly applicable to measurements
for uranium and eventually other transuranic species.

Work Planned

Final regulatory approval for our use of uranium is expected in
early 2000. As soon as possible after receiving approval, we will
begin our optimization experiments for detecting uranium in an
inductively coupled plasma. Thiswill require converting our laser
system from the present configuration used for mercury studiesto the
longer wavelengths needed for uranium. The pump wavelength from
the Nd:YAG laser will be changed and the optics in the dye laser will
be replaced. To attempt isotopic resolution we need to achieve the
absolute minimum linewidth possible from the dye laser. Thus, sig-
nificant effort likely will be needed to optimize the laser realignment.
Thisisthe only major modification required for the uranium work to
commence. Pending regulatory approva and the completion of our
mercury investigations, this modification will begin.
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Feasibility of Characterizing Solid Wastes by Remotely
Sensed Multi Spectral | mages

David L. Monts

I ntroduction
Purpose

Characterization capabilities for site specific wastes are needed
for the DOE nuclear waste cleanup program. Many wastes are hetero-
geneous and have a mixture of both RCRA hazardous constituents
and radioactive species in various forms and matrices. Characteriza-
tion requirements vary from waste stream to waste stream. For exam-
ple, some wastes have high radiation fields and therefore require
characterization to be completed at some distance from the actual
waste containers. Some wastes may require nonintrusive character-
ization. Currently however, comprehensive nondestructive testing
(NDT), assaying (NDA) and examination (NDE) techniques do not
exist for effective waste characterization. In the field of remote sens-
ing, airborne imaging spectrometers have been used to mineral identi-
fication. For example, the vibrational overtone features for Al-OH
(2.16 to 2.22 ym) has been used to identify minerals containing
kaolinite [Al2(Si20s5)(OH)4]. The value of the techniqueliesinits
ability to acquire ahigh resolution reflectance spectrum for each pixel
in the image. Vibrational absorptions from compounds of heavier ele-
ments occur in the mid infrared region. Not only will a portable
remotely sensed imaging spectrometer system will provide nonintru-
sive, nondestructive characterization of solid wastes, it also will over-
come some of the obstacles of the existing technologies (sample
collecting, preparation, costly and timing consuming analysis). Itis
well established that the infrared spectrum can be used as a “finger-
print” to identify and characterize molecules. The species of concern
(RCRA and radioactive elements) will be present primarily as com-
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pounds. Irradiation with an infrared light source will permit collec-
tion of reflectance spectral images.

M ethodol ogy

Compounds can be characterized by the spectrum of light that
they absorb. In particular, the infrared spectral region contains a num-
ber of (vibrational) transitions that can be utilized to thoroughly char-
acterize compounds. Absorption spectra can be obtained either by
recording the light transmitted through a sample or by recording the
light reflected off a sample. Transmission of light for generating
absorption spectrais not an economically feasible option for the
waste streams of interest to DOE. Therefore, as shown in Figure 7,
the method under study consists of recording infrared light reflected
off asample. Instead of using a spectrometer to record the spectrum
of the reflected light, a multispectral imaging system (MSIS) will be
used in the final configuration. For the feasibility study experiments
performed here, an infrared spectrometer and infrared detector will
be utilized. Both scanning infrared spectrometer and a Fourier trans-
form infrared (FTIR) spectrometer will be used in these efforts.

FIGURE 7. Schematic of infrared diffuse reflectance multispectral
imaging technique (final configuration).
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Wor k Accomplished

During this period, we found that the available infrared light
sources did not have sufficient intensity for the proposed experiments
and have utilized available funding to place an order for a high inten-

sity infrared light source with an anticipated delivery of four to six
weeks after receipt of order.

Work Planned
When the high intensity infrared light source is received, we will

initiate a series of experiments using several known, pure compounds
that can be expected to be present in the waste streams.

Nomenclature
DOE U. S. Department of Energy
FTIR Fourier transform infrared
MSIS multispectral imaging system
NDA nondestructive assaying
NDE nondestructive examination
NDT nondestructive testing

RCRA Resource Conservation and Recovery Act

DIAL 40395-6 30



Task 1. Instrumentation Development

Guided Wave Nondestructive Evaluation Technique
Development and Demonstration

Krishnan Balasubramaniam

I ntroduction

Corrosion and cracks in metal components constituting the pres-
sure boundary poses a significant safety concern at nuclear storage
and handling facilities of the Department of Energy - Environment
Management (DOE-EM) facilities.

Project Significance

The Tri Party Agreement (TPA) schedule requiresretrieval of
wastes in the Single Shell Tanks (SST) to begin by 2004 for future
vitrification and permanent storage in awaste repository. Thereis
already an ongoing effort in the structural integrity assessment of the
Double Shell Tanks (DST). A rapid nondestructive evaluation of tank
wall and liner integrity needsto be performed prior to the selection of
aretrieval method to assure successful retrieval of the waste from the
tank. For example, in the case of ahot cell liner, if it can be deter-
mined that the cell liner isintact, an aqueous decontamination
method can be used. Otherwise, a dry method must be deployed at a
significantly greater cost. In the case of SSTs, sluicing is considered
to be one of the primary methods to retrieve waste. It is possible that
sluicing may not be a viable method for retrieval of tanks which have
extensive corrosion damage. Other more expensive techniques may
have to be employed for damaged SSTs. A rapid integrity assessment
program for the tanks is needed in order to (a) estimate life time of
the tanks and liners and prioritize the tanks with shortest remainder
lifefor retrieval, and (b) evaluate new techniques for retrieval of dam-
aged tanks which may have |eaked.
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Background

Cracks (both through wall and non through wall cracks) and cor-
rosion damage on tank walls and hot cell linersis ahigh priority con-
cern. These flaws must be evaluated to determine the potential for
tank rupture and estimate rates of leaks that may occur in the future
and assess appropriate actions. Visual inspection is not the answer
since most of the damage may not be visible due to buildup on the
walls. Also, it is difficult to quantify the extent of damage, especially
in the thickness direction, using visual techniques.

The current method uses a point by point ultrasonic or eddy cur-
rent NDE approach to this evaluation and employs advanced signal
processing methods to characterize damage. Thisis arather cumber-
some and time consuming method. Also, damage detection is cur-
rently considered feasible, but damage quantification has not been
reliable. The approach proposed here using guided waves can be used
to rapidly ascertain the existence of cracks or corrosion larger than
the critical size. Often thiscritical sizeis greater than 75% of wall
thickness and in most cases a through wall damage identification is
sufficient. Here, the ultrasonic waves are generated at one end of the
structure and detected at the other end and a 180-degree sweep will
cover the entire tank wall. These tanks are large and many of them are
buried with access only to riser penetrationsin tank domes, which are
12 inchesin diameter. To overcome this access problem, we proposed
to design this sensor, during the implementation phase, onto arobotic
mani pulator arm mounted on a telescoping mast such as the Light
Duty Utility Arm System (LDUA) devel oped by Westinghouse Han-
ford Company for the visual inspection of such tanks.

Damage of the metallic components is suspected due to the long
period of operation and the corrosive mediawhich isbeing stored and
handled. The low confidence in the currently available nondestructive
evaluation (NDE) techniques to accurately determine damage could
lead to the spread of contamination and/or regulatory concerns when

DIAL 40395-6 32



Task 1. Instrumentation Development

retrieving the tanks. The corrosion challenges the integrity of the
affected structure and may compromise the leak tightness property of
the structure. Novel, reliable, remote, and cost effective techniques
are needed for the evaluation of the structural integrity of these struc-
tures before handling. Successful development and demonstration of
thistechnology will provide a needed assessment tool for assuring
safe operation of the nuclear waste handling facilities. Unlike previ-
ous work, the proposed work uses remote ultrasonic transaction and
has the advantage of long range, multi mode generation/detection,
and henceimproved safety, sensitivity and reliability of inspection for
flaws in nuclear waste storage and handling components.

M ethodol ogy

Ultrasonic guided waves can be generated in geometrically nar-
row structures, such as plates, shells, pipes, and rods due to the effect
of the interference of reflected and refracted waves which reverberate
between the boundaries of the structure. Based on the geometry of the
structures, these wave modes are called plate waves, cylindrical
waves, rod waves, etc. These waves are generated and measured
using several mechanisms. The exact generation mechanism will
depend upon the geometry of the structure. Remote methods of gen-
eration can be accomplished using either laser based ultrasonics or
using electro magnetic acoustic transducers (EMATS). These waves
travel long distances, depending on the frequency and mode charac-
teristics of the wave, and follow the contour of the structure in which
they are propagating. These wave modes can also be classified, for
example, into symmetric, anti symmetric, and axi-symmetric modes
based on the type of cross sectional displacement profile exhibited by
the wave during propagation. The use of guided wave modesis poten-
tially avery attractive solution to the problem of inspecting the
embedded portions of metal components because they can be excited
at one point on the structure, propagated over considerable distances,
and received either at aremote point on the structure in a through
transmission mode or back at the point of generation, in a pulse-echo
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reflection mode. The received signal contains information about the
integrity of the metal between the transmitting and receiving trans-
ducers.

Although these wave modes propagate longer distances, the pres-
ence of waste material limitsthisrange. Thisis caused by the leakage
of energy into the waste. This leaked ultrasonic energy is relatively
small and poses no threat to waste material chemistry. The sensitivity
of the sensing system will also deteriorate as the range of inspection
isincreased above acertain distance. Also, thereisamode conversion
phenomena when the wave encounters a sharp bend. Hence, in order
to evaluate the structure, the sensor parameters such as mode selec-
tion, energy generated, transmitter receiver separation, and data inter-
pretation must be optimized.

Most of the work conducted thus far using the guided waves has
investigated the inspection of plates, piping and tubing, which are not
embedded. It has been demonstrated that nondestructive modes
which propagate long distances are sensitive to wall thinning, cracks,
and pitsthat may be present in the material being examined. The long
range propagation and detection of the plate wave modes have been
optimized and their interaction with defects have been reported. Mea-

surements of 100 meters or more have been demonstrated. Since,
each individual mode has a unique cross sectional displacement and
stress profile and because several modes can be selectively generated
and received using the same set of transducers, it isfeasible, evenina
field deployable system, to utilize the sensitivities of multiple wave
modes and simultaneously measure several damage parameters such
aslocation, size, type, and shape of the damage.

DIAL hasthe laser ultrasonic capability for remote generation
and reception of the ultrasonic guided waves. Wave propagation mod-
elsare also available at MSU for the simulation and parameter selec-
tion in order to conduct efficient experiments. The instrumentation
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for conducting experiments with electromagnetic transduction
(EMAT) aso existsat DIAL.

Wor k Accomplished

Process Monitoring Sensor. An |8 inch long graphite rods with zirco-
nium coating was design, procured and tested under simulated high
temperature conditions at DIAL. Graphite coated with zirconia was
tested as the material of choice for the design and fabrication of
buffer rod. The coating process was not very reliable due to thermal
expansion, contrary to the claims made by the coating process ven-
dor. Thislead to the oxidation of the graphite rods. Alumina does not
have this problem, but when dealing with long rods, the attenuation in
the rod changes with temperature and becomes an issue beyond 1000
C.

Guided Wave Tank NDE Technique. The modeling of the ultrasonic
waves using ANSY S code was further developed. The FEM code was
further studied to simulate the wave propagation in pipes and the
issue of interaction of ultrasonic waves with cracks and interfaces.
Also, corrosion damage modeling was investigated. Thisisacomplex
problem since there a myriad types of corrosion damage.

Conclusions

The buffer rod materia problems remain the key to solving the
problem of long distance access to the melt. The technique has been
demonstrated using short buffer rods and hence there is confidencein
the technol ogy.

Based on the initial results from the guided wave modeling, there
isasignificant scope for the generation and propagation of guided
plate wavesin tank walls. Although modeling of corrosion isfeasible,
it may not be possible to cover all types of corrosion. The effect of
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concrete and soil which may be loading the metal tank wall must be
investigated.

Project Status

All tasksin the projects are currently active.

Work Planned

Process Monitoring Sensor. It is planned to investigate other types of
coatings and buffer rod materials which can withstand high tempera-
tures.

Guided Wave Tank NDE Technique. The modeling of defectsin sol-
idswill continue. Incorporation of external loading in the form of soil
and concrete will be completed by the next quarter.
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M easurement services will be provided for DOE sites. In some
cases, a specific site will not be able to justify the cost of a new
instrument but will need it to achieve a programmatic objective.
DIAL can take its instrumentation to the DOE site to provide the
measurements needed.

Diagnostic Field Applications Coordination and Testing
Support

Robert L. Cook

I ntroduction

The Dfacts effort provides a mechanism for improved industria
participation by directly soliciting participation by industries devel -
oping diagnostic instruments. In this way, untapped resources from
the commercial sector for new diagnostic instrumentation and/or off
the shelf instruments can be recruited and utilized. Demonstrations
and testing are done in conjunction with DIAL’sfield tests and via
special arrangements making use of other DOE test beds. Hence, a
wider array of diagnostic systems can be tested/evaluated. By making
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use of DIAL's mobile field laboratories, rapid response can be pro-
vided at alow cost. With arelatively small added investment, asignif-
icant value added benefit can be obtained from the wide array of
testing being carried out across the complex.

Work Accomplished

We have recently sent some 50 letters describing the Dfacts pro-
gram to various program leaders and facility managers. Also, discus-
sionswere held with visitorsfrom the MWFA and CM ST on waysfor
the Dfacts program to contribute to their efforts.

A number of needs for the MWFA and CM ST-CP have been iden-
tified which can be addressed by the Dfacts program and these are
outlined below. Exact scheduling will be determined in consultation
with appropriate DOE and facility representatives.

PM CEM testing at TSCAI began this past summer and is
expected to be completed in March. DIAL personnel and capabilities
viaDIAL’s Dfacts program can provide substantial contributions to
the success of these and future tests. DIAL will work with TSCAI and
MWFA/CMST representatives to determine a mutually beneficial
role. For example, DIAL personnel could observe and critically
assess the operation of the PM monitors and the baseline methods
with respect to the installation and selection of monitors for the dem-
onstration at WERF.

Work Planned

The PM CEM demonstration at WEREF is planned for FY Q0.
DIAL personnel viaDIAL’s Dfacts program can aid in: the selection
of the PM CEMsto be evaluated; in the actual performance of the
demonstration at WERF; and in the data analysis and reporting. The
demonstration is expected to determine the performance capabilities
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of the PM CEM, focusing particularly on how its performance mea
sures up to the EPA Performance specifications (and/or Guideline)
for PM CEM.

Reliable standards must be devel oped and introduced into the off-
gases at known concentrations. In particular, elemental mercury and
mercuric chloride gas phase standards are needed. Similarly, polydis-
perse standards and multimetal standards are needed together with
procedures to introduce these standardsinto the off-gas stream for the
calibration of CEMs. DIAL can, viathe Dfacts program, assist in
preparation for proposed Hg CEM testing at TSCAI. DIAL personnel
can work closely with TSCAI personnel on compliance issues con-
cerning the correlation of CEM data with laboratory reference
method test and calibrating the CEM s in accordance with the recently
promulgated MACT Rule. Long term operational performance, reli-
ability, and maintenance regquirements and issues can also be
addressed in the selection of Hg CEMs at TSCAI (and other DOE
incinerators) for permanent deployment.

Visitsto several DOE incinerators are planned for February. In
addition, we will attend the Mixed Waste Focus Area End User Pro-
gram Review to be held on February 8 and 9, 2000 in Salt Lake City.
We will use this opportunity to introduce the Dfacts program to the
participants of this meeting.
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On-line Imaging for Thermal Treatment Processes

David L. Monts

I ntroduction

Purpose

Many of the DOE waste streams, particularly those currently
stored in steel barrels, are poorly characterized or even uncharacter-
ized. Given the variety of contents that can dramatically vary from
barrel to barrel, it is necessary for thermal treatment systems (TTS) to
quickly change operating parameters and/or implement divert and
treat measures when specific species of environmental concern (such
as mercury) are suddenly introduced into the TTS. It isdesirable to
monitor species of concern inside the primary TTS chamber in order
to provide the maximum possible response time and because concen-
trations will be higher here and hence easier to detect.

Digital images contain awealth of information that if extracted,
could be of immense value for monitoring/controlling a process.
Imaging spectroscopy combines conventional imaging, spectroscopy,
and radiometry technologies to produce images for which a spectral
signature is associated with each spatial resolution element (pixel).
The emphasis of this project is on extending previous work to include
extraction of information on concentrations, concentration distribu-
tions, and other parameters of use for process control of thermal treat-
ment systems of interest to DOE. Using visualization and neural
network techniques, the information can be presented in such a man-
ner as to assist decision making. Extraction of information from the
primary thermal treatment chamber will provide sufficient time for
operational parameters to be changed to maintain optimum opera-
tional performance and/or to allow divert and treat actions to be taken
for species of environmental concern. Previous work at DIAL has
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shown utility of digital images for visual display of thermal distribu-
tion contours and for determination of average temperatures.

M ethodol ogy

Combining spectral and spatial analyses allows application of
imaging technology to species characterization and detection inside
primary chambers of thermal treatment sources for mixed hazardous
waste processing. We are devel oping a spectral imaging system by
combining a charge coupled device (CCD) camera with narrowband
optical filters. For the proof of concept experiments, a series of nar-
rowband interference filters are utilized to obtain images of the com-
bustion chamber at wavelengths characteristic of selected metal
species. Subsequent efforts will employ an acousto-optic tunable fil-
ter (AQOTF) in order to significantly increase the number of different
wavel engths (and hence species) that can be monitored by the imag-
ing system. The digital images are analyzed using commercially
available software that has been modified to meet the needs of this
project. We are al so devel oping the methodology to calibrate the
spectral imaging system. Analysis of the spectral images will be com-
bined with neural network techniquesin order to provide facility
operators with practical information on a time scale short enough to
enable process control decisions to be made.

Wor k Accomplished

We have assembled a prototype spectral imaging system by using
narrow band interference filters and available CCD cameras. The
spectral imaging system was tested by monitoring the concentration
and concentration distribution of selected metal species (such as Eu,
Mn, Hg, Na, K) in alaboratory flame; calibration curves were
obtained for selected metal species. Commercially available image
processing software has been modified to extract information about
concentrations of selected metal species from spectral images. The
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methodology to calibrate the spectral imaging system has also been
developed and tested.
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FIGURE 8. Schematic of spectral imaging system and conventional emission
spectrometry system used for proof of concept experiments performed using
the DIAL combustion test stand.

In order to prove that our imaging system and software can also
be applied to large scale TTS, we conducted proof of concept experi-
ments on the DIAL combustion test stand; the experimental set up is
shown in Figure 8. Calibration curves for selected metal specieswere
obtained from data collected during the test stand experiments. The
results clearly demonstrated that spectral imaging can quantitatively
detect metal species and their spatial distributionsin a practical com-
bustion chamber. The experimental results are consistent with con-
ventional emission spectrometry results, which were simultaneously
obtained during the test stand experiments for the purpose of evaluat-
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ing the spectral imaging system. Both the spectral imaging system
and a conventional emission spectrometry system were focused on
the combustion chamber through an optical port (as shownin Fig. 8).
Sodium and potassium were chosen as the surrogate metals for this
test because of environmental safety and operational reasons. Using a
peristaltic pump, known concentration solutions of sodium and potas-
sium were injected into Fuel Oil #1 (kerosene based) before the fuel
entered the combustion chamber. A typical image at 589 nm recorded
through the optical port by the camerais shown in the upper left cor-
ner of Figure 9; this wavelength was chosen because it correspondsto
the resonance transitions of sodium. A user selected rectangular
region, area of interest (AOI), was chosen to extract information from
all the images recorded during these test stand experiments. A histo-
gram of the AOI is shown at the lower right corner of Figure 9. The
correlation between the average pixel intensity in the AOI of the
images and the concentration of the solutions injected to the combus-
tion system enabled usto determine the concentrations of sodium and
potassium inside the combustion chamber and also gave us spatial
distributions of the selected metals. The resulting calibration curve of
sodium concentration injected into the combustion chamber vs. pixel
intensity of the spectral imagesis shown in Figure 10. The linear
regression does not pass the origin because of the presence of sodium
and potassium in the undoped fuel. The test showcased the biggest
advantage of the spectral imaging technique, its spatial resolution.
Not only can it detect the presence of selected speciesinside a practi-
cal combustion chamber, but also where the species are located. In
addition, spectral images also provide direct visual information to
human operators for process control decisions.
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FIGURE 9. Spectral image of sodium at 589 nm recorded on the DIAL
combustion test stand and the resulting histogram of pixel intensitieswithin
the selected area of interest (AOI).
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FIGURE 10. Calibration curve of injected sodium concentration vs. average
pixel intensity within the user selected area of interest, obtained from DIAL
combustion test stand experiments. Error bars correspond to one standard
deviation.
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Work Planned

After completion of the “proof of concept” experiments reported
above, we have already begun working toward our next milestone,
which is purchasing essential equipment and assembling the imaging
spectrometry system for multi species detection. We have contacted
the manufacturer of the ultraviolet acousto-optic tunable filter (UV
AQOTF) and have discussed design criteriain preparation for placing
the order. The UV AOTF order will be placed during the next report-
ing period. We plan to test the imaging spectrometry system using the
DIAL test stand and use the results of those tests to improve the per-
formance of the hardware and software associated with this research
effort. We have begun planning the next round of DIAL test stand
experiments in order to obtain the maximum usage from each such
experiment.

Acronyms
AOI area of interest
AOTF acousto-optic tunable filter
CCD charge coupled device

DIAL Diagnostic Instrumentation and Analysis Laboratory

Eu europium
Hg mercury

K potassium
Mn manganese
Na sodium
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nm nanometer

uv ultraviolet
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The performance of environmental technologieswill be evaluated
for DOE. DOE EM needs atool which will rapidly, and without bias,
allow it to compare the performance of technologies against the
field's needs, so that it can focus its development dollars on the high-
est impact targets. DOE EM also needs atool to rapidly screen new
technologies to assist in the most effective allocation of its develop-
ment funding. Further, the technology developers (and DOE EM)
need atool to expedite the acceptance of devel oped technologiesinto
the DOE EM user facilities. DIAL isideally suited to address both of
these needs. Through its network of contacts within the DOE sites,
DIAL can rapidly €elicit user needs. Through its knowledge of the
technologies needed, and its network of contacts in industry, DIAL
can rapidly identify promising candidates to satisfy those needs.
DIAL’s experienced multidisciplinary staff can then provide users
with the information they need to make deployment decisions, by
using DIAL’s wide-ranging measurement capabilitiesin either its
own testing facilities, or in those of its network of collaborators if
more appropriate for a given application.
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Dissolution of Hanford Salt

J. S Lindner and R. K. Toghiani

Introduction
Project Significance

The Office of River Protection (ORP, formally the Tank Waste
Remediation System) is responsible for pretreating the legacy wastes
contained in the double and single shell tanks at Hanford and for
delivering these streams to the privatization contractor, British
Nuclear Fuels Limited. The stored wastes contain three discernible
constituents, high ionic strength liquid, sludge and saltcake. Most of
the experimental and theoretical modeling efforts to date have been
concerned with the sludge and liquid fractions; however, alarge por-
tion of the waste, estimated to be 60% by mass in some tanks, exists
as saltcake. Recognizing this deficiency, the Tank Focus Area (TFA)
issued Technical Response 671:PBSTWO05. The efforts described
here are the results of a successful proposal funded by TFA with cost
sharing from DIAL.

Thermodynamic modeling of complex, multi-component electro-
lyte solutions at high ionic strengths and with proper consideration of
solids formation is a formidable task. Personnel evaluating the waste
at Hanford have selected, based on initial comparisons between
experimental results and an assessment of available software, the
Environmental Simulation Program (ESP, OLI Inc.). The code has
subsequently been used for modeling laboratory sludge leaching
experiments and tank contents.?* To our knowledge, the work
reported here is the first application of the model to saltcakes. The
short time period in which ESP has been in use at Hanford suggests,
however, that evaluation of the code for different applicationsis an
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evolving process. Thus, the work performed here isimplicitly cen-
tered on model validation.

All of the work connected with this subtask has been aimed at
providing end users at Hanford with additional information regarding
the performance of the ESP code. A main goal of thework isto
increase confidence in the predictive capability of the model. A
proven, validated process engineering tool could result in consider-
able cost savings. For example, proper modeling of the pretreated
waste will indicate the propensity of the waste to foul transfer lines,
thereby eliminating the high costs of effecting repairs and slipped
delivery schedules. In addition, analytical characterization of the
large volume of waste at the site (55 million gallons), along with the
process streams that will be generated upon retrieval of the waste, is
impractical. A tool is needed which can describe the waste and asso-
ciated process streams with sufficient reliability such that costly char-
acterization studies can be minimized.

Background

The previous work at Hanford has indicated some limitationsin
the application of ESP2# Solid-liquid equilibrium (SLE) model cal-
culations have been found to agree with laboratory results for ague-
ous solutions containing most of the pertinent single salts (NaCl,
NazC204, NaNOg, etc.). At elevated ionic strengths, however, the sol-
ubilities from the model are less than experimental observations.
Consequently, the code predicts higher solids loadings, and this has
potential ramifications on the privatization contract through the
amounts and types of diluents used for pretreating the waste.

Other gquestions regarding the code concern the quality of the data
used in theintegral software databases. Analytical results on the tank
wastes at Hanford have indicated the presence of a number of double
salts such as Na-F-PO4, Na-F-SO4 and Na-SO4-COs. Literature data
on these systems are rare. What results are available indicate that var-
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ious types of solids structures, crystals and gels can result depending
on composition. Natrophosphate, NazF(PO4)219H20, for example,
has been observed to form gels.>¢ Sodium phosphate, NasPO4XH20,
can form different crystal structures depending on the extent of
hydration. Accurate modeling of the partitioning of the solids and lig-
uid phase constituents will only be as good as the fundamenta data
used in the model.

M ethodol ogy

Some identified options for validating the ESP code include:

 comparisons to experimental data on actual tank samples;

« determination of the SLE behavior for those systems which
are of direct importance to the end users at Hanford and
where literature results are fragmentary;

« comparison of the results of the model to other thermody-
namic models; and

 examination of the thermodynamic data called by the code.

Little is known about the pretreatment requirements of saltcakes,
and experimental studies on this portion of the waste are lacking. An
evaluation of the predictive capabilities of the ESP model is possible
by comparing code predictions with the results of experimental stud-
ies. Other comparisons of the model to tank sample analysisinclude
direct customer requests.

Critical evaluation of the fundamental thermodynamic constants
called by the model permit an assessment of the quality of the data
used by OLI Inc. and can identify possible error sources. In many
instances, especially with regard to the double salts systems cited
above, sufficient data does not exist in the literature and any compila-
tion will only consider the available information as estimates. Deter-
mination of the solubilities and associated phase diagrams for
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selected systems provides a means for ensuring the quality of the
experimental data and a path for model sensitivity calculation.

Different theoretical representations can be used to calculate the
SLE behavior of agueous systems. Comparison of the results from
ESP with other thermodynamic models alows an independent check
on the thermodynamic framework used and may also indicate defi-
cienciesin the ESP model or associated database.

Wor k Accomplished
Results and Discussion

Previous work in these |aboratories has focussed on theoretical
predictions of the solid liquid equilibrium (SLE) behavior of natro-
phosphate (NarF(PO4)219H20. ESP and SOLGASMIX calculations
were performed at 25°C in water, 1-M and 3-M hydroxide.* A com-
parison of these predictionsis presented in Figure 11 where the mola-
lity of thetotal phosphate in solution is plotted against the molality of
fluoride in solution. Good agreement was observed between the cal-
culationsin 1-M hydroxide. In water the ESP predictions indicate
higher solubility than that from SOLGASMIX and in 3-M hydroxide
SOLGASMIX predicted larger solubility. Shelves are observed in
both 1-M and 3-M hydroxide and indicate regions of constant solids
formation. For example the first shelf at low fluoride ion concentra-
tions indicates the presence of solid trisodium phosphate
(Na3PO40.25Na0OH), at high fluoride concentrations the data predicts
the presence of NaF. Between these two extremes the soluble compo-
nents are in equilibrium with the natrophosphate double salt.
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FIGURE 11. ESP and SOLGASMIX calculations for Natrophosphate, 25°C.”

Two of the three molecular components associated with the solu-
bility curves are of concern in waste transfers. Trisodium phosphate
formslong needle like crystals and the natrophosphate double salt
(DS) forms large crystals that may lead to pipe plugging. The triso-
dium phosphate has been implicated in plug formation at Hanford.”
The ability to accurately predict the presence of these two molecules,
based on model calculations from baseline data (such as the Best
basis Inventory), is, of course, afunction of the quality of the funda-
mental thermodynamic data. Whereas the data shown in Figure 11 is
in qualitative agreement with regard to decreased solubility with
increasing hydroxide levels, the reversal of the predictionsin going
from water to 1-M, and then to 3-M hydroxide indicates that the data
employed for one or both of the calculations should be examined. An
experimental project was developed to obtain additional data on this
system and also to examine SLE behavior at elevated temperatures.

Only a handful of measurements have been reported on the Na-F-
PO4-OH system. Previous experimental datawas evaluated in the
Dissertation by Webber and will not be repeated here.® Problems
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encountered in previous studiesincluded inaccurate predictions of the
time needed to reach thermodynamic equilibrium and alack of crys-
tal identification.

Initial sample concentrations were based on the theoretical pre-
dictions as shown in Figure 12. Solutions were prepared in water, 1-
M, and 3-M hydroxide, dissolved at elevated temperatures, and then
allowed to equilibrate for a period of not less than two weeks. Tem-
peratures of 25, 35, and 50°C were selected. Following equilibration
the samples were sequentially removed from the constant tempera-
ture water bath or oven and filtered. Solids were reserved for polariz-
ing light microscopy (PLM) analysis. The filtrate was diluted to
coincide with the response of the ion chromatograph (1C) for fluoride
or phosphate anions. The IC was calibrated during each run using
standards traceable to NIST. Diluted aliquots of the samples and the
calibration standards were placed in sample viasfor the IC auto sam-
pler.

1MOH Solution Preparation
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FIGURE 12. SOLGASMIX calculationsand selection of the experimental
concentrationsfor the 25°C 1-m hydroxide compositions.
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It should be noted that specifying the initial sample concentra-
tions based on the theoretical predictionsis only sufficient when the
predictions are available and accurate. Problems were encountered
with the 3-M hydroxide compositions at both 35 and 50°C. These
equilibrated solutions did not produce a sufficient amount of DS crys-
tals and, consequently, these experiments, along with the ESP predic-
tions are being repeated.

The data obtained from the experimentsin 1-M hydroxide at 25°C
are collected in Figure 13. The theoretical predictions are shown as
lines and the red triangles denote the results from the IC analysis. The
solid black triangles are the original concentrations based on the theo-
retical predictions (asin Fig. 12). The experimental datais seento fall
slightly below the ESP and average SOLGASMIX predictions and
tend to the lower bound SOLGASMI X prediction. The upper and
lower bound curves for the latter cal culations were based on the
spread of the chosen thermodynamic data employed. Data that did
not form solids following the equilibrium period are denoted by open
red triangles. In all cases, except for the one data point low in phos-
phate and low in fluoride concentration, the compositions where sol-
ids were not predicted to form were consistent with the compositions
at fluoride and phosphate concentrations lower than those associated
with the SLE predictions.
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Data and Predictions for 1m OH 25C
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FIGURE 13. Experimental resultsfor the data from Figure 12 compared to the
theoretical predictions.

The data provided in Figure 13 only designate solids formation
for those particular compositions but not different crystal type. PLM
images were obtained for all of the solids found in this work. These
were then correlated to the compositions as given in Figure 14. A
shelf should be observed at both low and high fluoride concentra-
tions; however, determination of the location of the transitions from
the trisodium phosphate to the double salt and the double salt to
sodium fluoride requires compositions in arestricted concentration
range. To date, only one shelf has been observed for trisodium phos-
phatein 3-M hydroxide at 25°C, and these results will be discussed in
alater report.
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Solids Characterization 1MOH 25C
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FIGURE 14. Solids compositionsfrom thedatain Figure 13.

Datafor the 1-M hydroxide compositions are plotted at different
temperatures along with the theoretical predictionsin Figure 15.
Increasing the temperature results in increased solubility. The data at
35°C is separated from that at 25°C although the change in solubility
issmall. An increase in the scatter of the datais observed in going to
50°C. The source for this behavior has not been determined; however,
it should be noted that these experiments are somewhat more difficult
to perform; al of the equipment necessary to isolate the solids from
the filtrate must be kept at the elevated temperature.
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Solubility in 1IMOH at Different temperatures
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FIGURE 15. Temperature dependence of the solubilities for the Na-F-PO4-OH
system.

SOLGASMIX predictions are only available at 25, 60, and 80°C.
The data appear to coincide with the (lower bound) SOLGASMIX
predictions at the lowest temperature, to be roughly equivalent to the
ESP prediction at 35°C and to be above the ESP prediction at 50°C.
This indicates that the ESP model is not predicting the data quantita-
tively. Thisfinding, and the data for the water and 3-M hydroxide
solutions will be forwarded to OLI Inc. for the development of a data-
base. Once compl eted the model predictions will be repeated and
compared again with the SOLGASMI X calculations and the experi-
mental results.

Conclusions

Initial results for the determination of the solid liquid equilibria
for the Na-F-PO4-OH system have been reported. The datafor the 1-
M hydroxide compositions are in good agreement with the predic-
tions of the SOLGASMI X calculations performed by Webber at 25°C
and with ESP predictions at 35°C. Increased solubilities were
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observed in the experimental results as compared to ESP calculations
at 50°C. Additional experiments are in progress.

Project Status

Work on experimental determinations of solubilitieswill continue
and experiments have begun to establish the SLE behavior of the Na-
COs3-OH system at different temperatures and hydroxide concentra-
tions. Literature studies revealed only afew articles on the carbonate
system at elevated hydroxide loadings. Modeling of the dissolution
behavior of saltcake for tank 241-TX-113 has been initiated. Studies
on feed stability from thistank arein progress at RL and will be com-
pared to model calculations.
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Wall Removal Monitor

Gary Boudreaux

I ntroduction

One technique for the decontamination and decommissioning
(D&D) of concrete structures within the Department of Energy and
the nuclear industry isto remove alayer of material from the surface
using a technigque known as scabbling. The agency responsible for
D& D of the facility, the contracting agency, generally specifiesto the
scabbling contractor the depth of material to be removed, e.g., 0.5
inch off the surface of afloor or wall. Under current practice, mea-
surements are made, before and after, at discrete points on the wall
with laser based survey instruments. Feedback is on the order of days,
instead of hours or minutes. With near real time feedback the contrac-
tor can remove the correct amount of material the first time avoiding
both repeating a costly visit and generating more waste than is war-
ranted. Another obvious limitation to this technique is that thereisno
waly to be sure that the contractor has met the specification between
survey points, which can be afoot apart.

Another method to deal with the problem isto weigh the amount
of concrete that is removed. The average depth of material removal
can then be cal culated by measuring the density of asmall sample cut
from the surface. The feedback from this technique is amost immedi-
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ate, but it does not take into account variations in depth of removal or
density that can occur in practice. Thus, atechnigue that can measure
the amount of material removed over agiven areaand in near real
time would benefit both the agency and the contractor. A wall
removal monitor has been developed at DIAL to servethisneed. The
monitor uses Fourier transform profilometry (FTP), which isan
imaging technique that can measure the surface profile of an object.

The FTP technology, based on image processing techniques
implemented at DIAL, can measure the profile of a surface. When a
pattern of straight lines is projected onto a surface, the pattern is dis-
torted or warped by irregularities. Areas of the object that are closer
to the camera cause the lines to squeeze together and areas farther
from the camera cause the lines to spread apart. This differencein
line spacing provides information on the shape, or profile, of the sur-
face. If changes are being made to the surface then images of the sur-
face need to be acquired, both before and after the change, from the
same position. When the two images are compared, then changesin
height can be determined. It is particularly well suited, but not limited
to, relatively flat surfaces.

The system consists of a standard slide projector, adigital camera
(avideo recorder or film camera can also be used), and a computer.
The projector and the digital camera are mounted on atripod, which
can be placed anywhere from two to 30 feet from the surface in ques-
tion. However, this distance affects the size of the area being imaged;
alarger area can be imaged by setting up farther away from the sur-
face. A grid of linesis projected onto the surface and an imageis cap-
tured with adigital camera. The image is processed on the computer
in order to determine the profile information.

Thewall removal monitor can be operated in harsh environments,
iseasily calibrated in the field in a matter of seconds, and can cur-
rently run in near real time. Advances are being made to alow the
process to run in real time. The spatial resolution (the distance
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between points on the surface) depends on the area of the surface
being imaged. If a one square foot areaisimaged, the spatial resolu-
tion turns out to be approximately 0.01 inches. For comparison, the
spatial resolution of the laser based techniques is on the order of sev-
eral inches or feet. The resolution in the depth direction depends on
several factors: the spacing and contrast of the grid lines; the size of
the area being imaged; and the background “noise” in the image. Tak-
ing these considerations into account, 0.1 inch is areasonable esti-
mate of the depth resolution for the concrete scabbling application.

Wor k Accomplished

We have transferred the technol ogy, equipment documentation,
and all project data and supplies due to a personnel change.

Work Planned

We will complete the internal technology transfer and continue
the work aready planned.

Pipe Decontamination

Gary Boudreaux

I ntroduction

The Department of Energy has radioactive and hazardous con-
tamination inside many of its process piping and duct systems. Con-
taminants remain in these systems after liquid is drained from them,
adsorbing onto metal and other surfaces or depositing as residual lig-
uids or solids. Many of the piping systems are not directly accessible
because parts of them are buried underground or under concrete
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floors. A tube cleaning system (TCS) has been developed at Missis-
sippi State University (MSU) in collaboration with the Tennessee
Valley Authority (TVA) and the Southwest Research Institute (SwRI).
The TCS utilizes repetitive high voltage el ectrical dischargesin water
or other fluids to produce acoustic shock waves which are effectivein
removing scale, silt and other fluid saturated deposits from tube inner
surfaces. The TCS minimizes the generation of secondary waste
while at the same time minimizing worker exposure to radiation.

The TCS uses repetitive high voltage electrical dischargesin flu-
ids (principally water) to produce acoustic shock waves. Laboratory
and field testing has shown these shock waves to be very effectivein
removing scale, silt, and other fluid saturated deposits from the inte-
rior walls of steam condenser and heat exchanger tubes. This method
is a noncontact, nonchemical method for removing these deposits.
The necessary equipment, developed under this program, includes a
high voltage power modulator (i.e., power supply) to generate the
high voltage, high current electrical pulses, and an applicator tip that
can withstand the intense stresses caused by the acoustical and elec-
trical pulses.

The arc discharge applicator tip is mounted on a coaxial cable
which can be in excess of one hundred feet long. As the cable enters
the pipe, it passes through awater tight bushing to prevent the egress
of contaminated water. As the applicator assembly isfed into the con-
tainer, the remotely located power modulator transmits el ectrical
pulses viaalong coaxial cable to the applicator assembly which pro-
duces acoustic shock waves that are directed at the interior pipe wall.
The pulsed acoustic shock wave successively removes accumul ated
scale and other deposits as the arc discharge source is moved down
the tube by the TCS operator. Foreign matter scrubbed from the wall
by the shock impulse and cavitation is gjected from the wall into the
water. Microscopic particles remain in suspension, where they may
be removed from the water via conventional means. Field testing of
the existing tube cleaning system suggests that the applicator can be
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fed into the pipe at rates between 0.3 and 1 ft/sec; however, the feed
rate may vary considerably with application.

Wor k Accomplished

The High Voltage Lab has continued testing of the IGBT elec-
tronic modules in the original power modulator cabinet. Several of
the electronic controls for these modules were redesigned and tested.

The demonstration with National Heat Exchange Company has
been tentatively scheduled for late January 2000. We will be cleaning
one-inch diameter tubes in an off-line heat exchanger. The tip that
propels the acoustic pulse forward and potentially unclogs pipes was
designed and the materials to build this tip have been ordered. We
will use thistip at the National Heat Exchange demonstration.

We talked with Ingalls Shipbuilding about a potential application
for the pipe cleaner.

Work Planned

The new, improved Pulsed Acoustic Pipe Cleaner is soon to be
completed at DIAL. The electronics to control the solid state switch
will undergo further testing. We will build the applicator tip that pro-
pels the acoustic pulse forward and may unclog pipes. We will aso
perform the demonstration with National Heat Exchange. Pipes with
different types of fouling will be cleaned with the system in order to
determine the effectiveness of the TCS for different applications and
to establish operating parameters. We will continue to seek a com-
mercial partner and will schedule an on-site demonstration at a DOE
facility when the initial testing of the new Pipe Cleaner is completed.
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Drum Pressure Monitor

Gary Boudreaux

I ntroduction

At many 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. Radiolysis or other physical or
chemical processes may result in gaseous emissions inside these
drums. When this occurs, the pressure within the drum will increase,
sometimes to unacceptable levels. In more drastic cases, these emis-
sions may produce flammable or explosive atmospheres (e.g., hydro-
gen 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 dangerousfor workers
if any of the conditions described above exist (high pressure or flam-
mable atmosphere). A nonintrusive technique that would detect any
increase in pressure over ambient 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.

A simple, nonintrusive technigque has been devel oped that will
allow workers to determine whether adrum is pressurized. The natu-
ral frequency of the drum lid is determined by tapping the lid, record-
ing the audible signal with a microphone, and converting the time
domain signal to afrequency spectrum using afast Fourier transform.
It turns out that the natural frequency of thelid is afunction of the
pressure within the drum. These results have been confirmed using
finite element analysis (FEA). These results are being used to design
asimple, hand held instrument that requires no specialized training to
operate and worksin real time.
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Wor k Accomplished

We have documented the laboratory setup and data collection pro-
cedures due to a personnel change. The new personnel were put in
touch with Military Technologies (Miltec) to continue the commer-
cialization of the technology.

Work Planned

We will continue to transfer the technology internally to the new
personnel. We will then continue building the statistical database
looking for similarities and differences between drum lids by manu-
facturer and lot. We will continue to seek a commercial partner and
re-submit as SBIR type proposal. We also plan to convert the
mechanical filtering unit to a software-designed filter. Thiswill be
necessary to design a smaller hand-held instrument.

Plasma Treatment of VOCs and Other Off-gas
Components by Pulsed Micro Hollow Cathode Plasma
Array

George P. Miller

I ntroduction

Low pressure hollow cathode devices are used for a number of
applications, most commonly as a narrow line width source lamp.
The possibility of operating these devicesin air at atmospheric pres-
sure opens up awide range of opportunitiesincluding the destruction
and removal of VOCs from exhaust off-gas streams.

Operation in air is achieved by reducing the cathode opening to
approximately 100 microns in diameter.® This study reported that, at
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atmospheric pressure, the electric power for a single discharge was
measured at 8 W with a gas temperature in excess of 1000 K.

The deviceis very ssmple and consists of two layers of metal sep-
arated by an insulator (mica) with a hole approximately 100 microns
in diameter punched through the top metal and insulator layers. A
potential difference is applied across the two conductors causing the
plasma discharge to form. Due to the low power requirements for
each micro hollow cathode, it is ssmple to connect a number of these
devicesin parallel to form a plasmaarray over which the gasto be
treated flows.

There are several advantages of thistechnique. It is simple and
inexpensive to devel op and can be operated at a high gas temperature.
It can aso be built to the size required.

Experimental Arrangement and Analysis

A system is envisioned where TCE isintroduced into an air
stream passed through the plasma. Emission spectroscopy will be
used to obtain information on the plasma processes. At low gas tem-
peratures, VOCs can be converted to intermediate products that may
require further treatment. For example, removing CCl4 from air using
an e-beam produces phosgene as one of its end products. The end
products will be analyzed using diode laser atomic absorption, FTIR
and GCMS. The gas will then be bubbled through water to remove
HCI and other end products and then trapped with a cold trap or
vented out of the building. Subject to the results of this analysis, a
plasma chemistry model will be developed to allow the rapid optimi-
zation of the technique.

VOC Candidate

While many possible VOC candidates present themselves, one
example of interest to DOE, is the remediation of trichlorethylene
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(C2HCI3 or TCE). TCE isamajor solvent contaminant for which
alternative remediation methods are sought. TCE makes an ideal can-
didate for plasmaremediation since it reacts in the gas phase with
atomic oxygen and hydroxyl radicals, components that are efficiently
manufactured in low temperature plasmas. In remediating TCE, the
ideal stoichiometry is

C,HCI3 + 40H ----> CO, + 3HCI + H, (EQ2)

C,HCl; + 40 ----> 2CO, + HCI + Cl, (EQ3)

Thisisidea since HCl and Cl, are easily removed from the gas
stream by awater spray (or bubbling). H2 and COz2 can be ssmply be
vented to the atmosphere. This stoichiometry is, however, difficult to
achieve with high efficiency at low gas temperatures (300 - 500 K) at
which most plasmas operate. The higher gas temperature present in
the MHCP will help overcome this problem.

DOE Need
SR-1017 Pollution Prevention Technologies, SR-1021 Need to

Reduce the Dioxin and Furan Emissions from the CIF. ID-2.1.41
HLW Process Off-gas Treatment. 1D-3.1.31.

Objectives
The objective of the project isto build and evaluate a micro hol-

low cathode array for the treatment of VOCs, using TCE as an exam-
ple.

Wor k Accomplished

All major components have arrived with the exception of the
power. The lack of a graduate student continues to hinder progress.
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Work Planned

Assembly and testing of the system will begin, subject to time
restraints and hardware delivery.

Reference

9. R. Block, et al. October 1998. Temperature Measurement in Micro Hollow
Cathode Discharge in Atmospheric Air. GEO98.

Laser-induced Breakdown Spectroscopy

H. Zhang, F. Y. Yueh and J. P. Singh

I ntroduction

This technical task has been focused on the development and
application of laser induced breakdown spectroscopy (LIBS) to mon-
itor RCRA metals from thermal treatment processing facilities. LIBS
isalaser based, nonintrusive, and sensitive optical diagnostic tech-
nigue for measuring the concentration of various atomic and molecu-
lar speciesin test media.l®** It uses a high power laser beam to
produce alaser induced plasmaat the test point. The plasma atomizes
and electronically excites the various atomic species present in the
test volume in asingle step. The intensities of the atomic emission
lines observed in the LIBS spectrum are used to infer the concentra-
tion of the atomic species. LIBS has successfully demonstrated its
real time monitoring capability in various field tests.1>18

Work Accomplished

LIBS technique require the laser spark generated at the sample
medium. Through a beam delivery system, we can send the laser
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beam to the desired location and perform remote measurement with
an optical fiber. However, this method is limited by the available
space and safety issues. It is more convenient to use optical fiber to
transmit laser beam and collect the emission signal from the laser
plasma. Recently, researchers have successfully transmitted the high
power laser beam via optic fiber. It isnow possible to design an all-
optical fiber LIBS probe which can perform remote measurementsin
the harsh and hazardous environments.

Fiber optic cap with a pinhole

Mirror

Laser beam /= __,»'\> ( .
v v Lens Lens Sample
@ Fiber optics P
V)

Data Acquisition/
Analysis System

FIGURE 16. Schematic of the optical fiber LI1BS system.

During thiswork period, an al-optical fiber LIBS probe for glass
measurement was designed, constructed and tested. The schematic of
the fiber optic LIBS system is shown in Figure 16. The most difficult
task in designing an optical-fiber LIBS probe isto couple the high
pulse energy laser beam to an optical fiber without damaging the
fiber. To transmit enough laser energy through the fiber optic cable
and below the damage threshold of fiber optic cable, laser beam was
focused ~ 3 mm before the fiber tip viaa 10-cm focal length lens. We
placed a cap with a0.8-mm pinhole on the fiber input end to avoid the
possibility of damage the core and cladding of the fiber.*® The laser
beam transmitted through the optic fiber was collimated with a10-cm
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focal length lens and then focused on the sample with a 2.5-cm focal
length lens. The emission from the laser induced plasma was col-
lected through the same lenses and optic fiber. A mirror with a hole
on the center was used to send the LIBS signal to the detection sys-
tem.

In practical application, the optical fiber LIBS probe needsto be
operated for an extended time without the damage of the optic fiber.
A long term duration test was therefore conducted by measuring the
laser energy from the output end of the optical fiber. Figure 17 shows
the result of thistest. The measured laser energy from the fiber output
isgradually decreased over thetest period. The observed lower output
from the fiber is not due to the fiber transmission loss over test time.
It only reflects the performance of the laser system used in the test.
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FIGURE 17. Results of the long-term durability test for a 1-mm core diameter
UV fiber. The laser pulse energy isfixed to 19.5 mJ.
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To evaluate the performance of thefiber optic LIBS system, LIBS
measurements of solid sample were made using this optical fiber
LIBS probe. Figure 18 shows aLIBS spectrum of a stainless steel
tube. Laser energy, delay time and gate width used in the experiment
was 19.5 mJ, 10 ps and 40 ps, respectively.
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FIGURE 18. LIBS spectrum of a stainless steel tube obtained with thefiber optic

LIBS probe.

Work Planned

Test of the optic fiber LIBS probe will continue. The study of the
effects of gas stream conditionsto LIBS measurement will be con-
ducted in DIAL test stand.
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