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I ntroduction

The production of nuclear weagpons materids has generated a legacy of nuclear waste and contaminated
environmental Stes. The remediation of radiochemicaly contaminated Sites and processing of stored wastes into
stable waste forms will require characterization procedures throughout al phases of these activities. Consequently
the demands for radiochemicd andyss will increase rapidly in the future. Methods are required to do these andyses
rapidly and precisely. To meet these characterization needs, new automated techniques are required in order to
provide improved precison, consistent analytica protocols, reduced worker exposure to toxic and/or radioactive
samples, greater sample throughput, reduced costs, and reduced secondary waste generation. Furthermore,
methods are required that provide automatic analyses in settings other than analyticd laboratories.

Analyses of radionuclide content are needed a-ste or in situ for monitoring surface waters, groundwater, and
process waters. The greatest concern is radionuclides that are mobile in the environment and cannot be practicaly
detected and identified using gamma spectrosopy. Radionuclide measurements are required to support basdline
monitoring of surface and subsurface waters; to support characterization of contaminant migration; to assess efficacy
of remediation processes in the fidd (eg., pump-and-treat and barriers); to support operation of remediation
processes (e.g., column breskthrough); and in long term stewardship. In current practice, water samples are
collected and transported to the anaytical laboratory where costly radiochemical andyses are performed. Sample
turnaround times are severd daysto severa weeks.

In addition, new automated radiochemica analysis techniques will be required to enable rapid characterization of the
nuclear processng streams, for example, during radionuclide remova deps. These andyzers must operate
continuoudy within the nuclear waste processng plant. Such new monitoring techniques would facilitate more
precise and reliable control of waste processing operations, and dfer considerable cost savings. For example,
replacement of separation resns in radionuclide remova steps is very cosily due to the expense of the selective
resns. Monitoring of column performance will alow replacement only when needed, rather than scheduled periodic
replacement at arbitrary intervas. In addition, treated waste that does not meet specifications will have to be run
through the treatment process again, a considerable cost. Using automated monitors to assure effective process
operations will avoid such costs and schedule delays.

Although there are many radioactivity detectors available, there has been very little development of anaytica
ingruments or radiochemical sensors suitable for rgpid and sdective quantification of beta- and apha-emitting
radionuclides such as Tc-99, Sr-90 and TRU actinides in process streams.  Current basdline analytical methods for
these andytes are based on tedious manua radiochemica andysis methods performed in centrdized laboratories.
This represents a Sgnificant technica gap that has been identified in severd technology needs throughout the DOE
complex. Moreover, Sgnificant scientific challenges exist in order to meet these technical needs.

Congderable progress has been made in developing automated methods for radiochemicd andyss usng sequentia
injection fluidics and extraction chromatography separations[1-9] These separation processes capture radionuclides
of interest while washing away matrix components and interferences.  The captured radionuclides are then released
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sectively by sudden changes in the solution composition passing through the column.  Automated anaytica
separations for Sr-90, Tc-99, and actinides have been described, using flow through scintillation counting or
inductively- coupled- plasma- mass-pectrometry  for detection and quantification. The present paper turns its
attention to new approaches for sensing and monitoring.

M ethods and Results

Preconcentrating Minicolumn Sensors for Radionuclides

The fundamenta chdlenges in radionuclide senang of apha- and beta-emitters are the short ranges of these particles
in condensed media (eg. water) and the ultra-trace andytica detection limit requirements. Chemicd sensing
methods may be applicable only to those radionuclides where the required detection limits are not too stringent, such
as uranium. For other radionuclides of interest, where the required detection limits are far beyond the capabilities of
any known or conceivable chemica sensing method, radioactivity detection is necessary. Radioactivity detection is
a so required when radioactive isotopes of concern must be distinguished from stable natura isotopes.

For detection on the basis of apha or beta emissons, some method of separating the radionudlide of interest from
interfering species and locdlization in the detection volume of a detector must be incorporated into the sensing

mechanism. We have developed a preconcentrating minicolumn concept for a radionuclide sensor thet is based on
dud functiondity minicolumns. The materids in these columns incorporate sdlective separation chemidiry to capture
and retain the radionuclides of interest, and scintillating fluors so that radioactivity of the captured species results in a
measurable light output. These two functions can be incorporated into the column using a Sngle materiad. For

example, “sdlective scintillating microspheres’ (SSMs) have been developed for this purpose. Alternaivdy, intimate
mixtures of chemicaly sdective microspheres and scintillating microspheres can be packed into the minicolumn The
minicolumn is located between two photomultiplier tubes of a scintillation detection system to collect the Sgnd. The
sectivity is determined mainly by the separation chemistry used to preferentialy capture and preconcentrate the
andyte of interest.

This configuration meets al the functiond requirements for effective radionuclide sensors. The packed column formeat
provides for efficient fluidic processng of the sample for preconcentration. The detection method is radiometric via
the process of scintillation. Sdlective chemidry is in very close proximity to the scintillation materid and retains the
radionuclides for counting. These new column sensors represent a novel and advantageous approach for detection
of radionuclides when sdective preconcentration is required. When necessary, the sensing materid can be
regenerated or renewed.

Usng pertechnetate-sdective scintillating beads prepared by co-immobilization of sdective extractants and
scintillating fluors, we have demondrated the gpplication of SSM resins for the characterization of Tc-99 in the
pertechnetate oxidation Stete in acidified groundwater.[10,11] The resin is used in conjunction with a scintillation
detector flow-cdl and an automated fluid handling system. The results of these tests clearly indicate that radioactive
pertechnetate can be readily detected in acidified groundwater samples below the U.S. Safe Drinking Water Act
maximum concentretion level of 900 pCi/L. We have aso evaduated sensor configurations based on a mixed-bed
column of anion exchange and polymer scintillator beads. Using mixed-bed sensor columns, we demongtrated the
feaghility of Tc-99 senang in unacidified groundwater with detection efficiency of 25% and excdlent long-term
sensor column stability. This gpproach appears especidly promising for the development of a Tc-99 sensor probe
suitable for down-well groundwater monitoring.

Automated Radionuclide Analyzer
Determination of non-gamma emitting radionuclides in process streams is a Sgnificant challenge. The combination of
the sample matrix, the characteristics of the species to be detected, and the detection limit requirements preclude
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mogt exiding anadytical methods. The process streams to be analyzed are caugtic brine solutions.  Thus, the sample
matrix is difficult, and furthermore, it will be variable. The badcity, nitrite content, organics, complexants, and
auminum ion concentrations will depend on the feed. Radionuclides such as Tc-99 may not be present as asingle
chemica species, and in some cases the actuad speciation is not known.

Our specific emphasis has been on the process monitoring needs associated with the operation of the chemicd
pretrestment or low activity waste (LAW) processing operations. The mgor chemical processng stepsincludeaTc
removal process based on a semi-continuoudy operated iornexchange column.  For the andyds of totd Tc in
nuclear wadte, it is necessary to fully oxidize the Tc present o that it is dl in the pertechnetate State. We have
developed an automated fluidic andyzer system that takes a complex nuclear waste stream sample, acidifies it, and
oxidizes Tc to pertechnetate in an automated microwave digestion sysem using peroxidisulfate. It then performs a
chemica separation and detects the purified Tc-99 by radioactivity detection. The monitor determinestotal Tc to the
required detection limits and the totd analysis time is less than 15 minutes. Furthermore, it is fully automated for
continuous operation.

Tests were conducted on high organic content AN107 wagte in which the mgority of Tc is present in reduced
oxidetion dates The fully automated instrument correctly quantified the Tc in these chdlenging samples, as
demonstrated by comparisons with independent andlysisby ICP-MS.

Discussion

Our initid work in automating laboratory andyss of radionuclides in nuclear waste has now advanced to the
development of sensors and instruments br nonlaboratory settings. Our sensor for Tc-99 in ground water was
sdlected for prototype engineering development, and a field test was conducted at the Hanford site in September
2002. This unit successfully quantified the Tc-99 activity in Hanford ground water samples. The automated Tc
anadyzer has been under development for use at the Hanford Site, and was sdlected for incorporation into the
Hanford Waste Treatment Plant.
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