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Measurement of Trace Uranium-235 and Plutonium-239,
240 in Waste Tank Material at the Savannah River Site

Roger N, Mahannah and Sherrod L. Maxwell, 1}

Westinghouse Savannah River Company
Savannah River Site
Aiken, SC 29808

Abstract

At the Savannah River Site (SRS), large quantities of
radioactive liquid waste are evaporated to reduce volume
before eventual processing through the In-Tank Precipita-
tion process (ITP). Actinides in the liquid waste are only
slightly soluble in the highly alkaline waste solution. Since
some of the actinide isotopes are fissionable, the quantities
being processed through the evaporator system are of
interest. To better quantify the concentration and mass of
fissionable material entering the evaporator system and
eventually deposited as sall, analysis of the actinide
elements were necessary. The predominant fissionable
actinide isotopes of interest are U** and Pu?*. To enable the
reliable measurement of these radionuclides, the Central
Laboratory has developed high speed separation techniques
to measure U content by Isotope Dilution Mass Spec-
trometry and Pu?**** by alpha spectrometry. Due to the high
radioactivity levels in the samples all separations are
performed in shielded analytical cells. Uranium is purified
and concentrated using a high speed extraction chromatog-
raphy technique that employs applied vacuum and columns
containing tri (2-ethylhexyl) phosphate (TEHP) solvent
coated on a small particle inert support (SM-7 BIO-
BEADS™). The uranium method enables measurement of
U** concentrations to 1 x 10~ g/L.. Plutonium is purified
and concentrated using a high speed anion exchange
technique (BIO RAD™ AG MP-1 200400 mesh resin).
The Pu method enables measurements of Pu?***t0 2 x 10
g/L..

Introduction

The Savannah River Site stores approximately 35 million
gallons of high level waste as sludge, saltcake, or salt
solution. The salt solution is evaporated to reduce volume
before the eventual processing through the In-Tank Precipi-

lation process. A recent study at West Valley Nuclear
Services showed that fissile material had accumulated in a
waste evaporator. The SRS waste chemistry and evaporator
design and operations are very different from those at West
Valley. In particular, the SRS liquid waste 1s maintained at
much higher hydroxide concentrations. This greatly
reduces the solubility of the actinides in the salt solution. To
address the questions associated with the West Valley issue,
a reevaluation of the rquantities of actinides entering the
evaporator system was required, thus the need for the
analysis of uranium and plutonium.

Background

At SRS, the mission of the Waste Management group over
the past 30-35 years has been the safe storage and
evaporation of high level liquid waste. In the near future,
processing of this waste will occur which will remove the
waste from the tanks, convert the waste to a glass formin the
Defense Waste Processing Facility, and convert the decon-
taminated liquid as concrete in the Saltstone Facility.
During the processing of this waste it is necessary to know
the quantity of fissionable material being processed to
assure criticality safety.

Separation Methods Developed

To enable the measurement of trace fissile material in high
activity waste, rapid and versatile separations methods are
required to separate the uranium and plutonium. High speed
separation techniques were developed by the SRS Central
Laboratory. ‘Table | shows the typical composition of the
liquid waste. The methods were developed so that samples
can be analyzed over this wide range of varying sample
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parameters without changing sample volumes or spike
additions. The methods are rugged enough. for example, to
accommodate a range of sodium hydroxide concentrations
from 0.1 molar to 11 molar. A high speed extraction
chromatography-isotope  dilution mass spectrometry
(IDMS) methed was developed to measure fissile uranium
A high speed anion exchange—alpha spectrometry method
was developed to measure trace plutonium. The level of
detection required for the evaporator feed solution is less
than 1 x 10~ ¢/L for uranium and plutonium because of the
low solubility of both in solution. To achieve these levels
of detection, minimal dilution of the sample is required
during the analyses. These methods provide minimal cycle
times for the required analyses and generate no contami-
nated solvent waste. A set of four samples, in duplicate,
along with quality control synthetics and blanks can be
analyzed within a 12 hour shift,

Table 1. Typical Composition of SRS High-
Activity Liquid Waste

Component Wt % Range (Molarity)

NaNO: 48.8 0.1-4
NaNO; 12.2 0.1-3
NaOH 13.3 0.1-11
Na,CO- 5.2 0.1-2
NaAI(OH)4 1.1 0.1-2
Na;SO4 6.0
NaF 0.2
NaCl 0.4
Na;Sih 0.1
Na;CrOy 0.2

Ganima Radiation Levels: 107 - 10" dpm/ml

Uranium Sample Preparation

The high speed column extraction chromatography tech-
nigque employs applied vacuum and columns containing
tri-2 ethyl-hexyl phosphate (TEHP) solvent coated on a
small particle hydrophobic support (SM~7 BIO BEADS™).
Figure 1 illustrates the sample preparation and column
chromatography, which is performed in the shielded ana-
lytical cells. A known U™ spike is added o a sample
aliquot of 5 milliliters. Twenty milliliters of 8 molar nitric
acid containing 0.125 molar aluminum is added to the
sample-spike mixture. The addition of strong nitric acid
ensures complete oxidation of the uranium*® to the (V1)
valence state. The additional aluminum is added to complex
any ions that could potentially complex uranium and lower
recoveries. Afterawaitstep to ensure all the UV is oxidized
to the (V1) state, the solution is loaded onto a column
containing SM--7 BIO BEADS™ (200 to 400 mesh) coated

with TEHP solvent filled to 15 mim above the bottom 20 pm
Tit. Applied vacuum is maintained at 5 inches ot mercury.
controlling the flow rate to 5 io 10 milliliters per minute.
Twenty milliliters of § molar nitric acid is added to remove
fission products, mainly cesium'” and strontium™. The
columns containing the purified uranium are transferred toa
radiobench and the uranium is removed using a modified
Spe—ed Mate™ vacuum extraction system. The stainless
steel walls of this extraction system have been coated with
Teflon™ to prevent corrosion. The uranium is eluted with
10 milliliters of a mixture of 0.02 molar nitric acid and 0.02
molar hydrofiuoric acid. The purified uranivm solution is
evaporated to dryness under a heat lanip, redissolved in a
volume of acid that will yield approximately 1 pg of
uranium, and evaporated onto a rhenium filament.

Uranium Sample Preparation
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Figure 1. Uranium Sample Preparation

Plutonium Sample Preparation

The high speed column extraction chromatography tech-
nique employs applied vacuum and columns containing
BIO RAD™ AG MP-1 200—400 mesh resin, nitrate form.
Figure 2 illustrates the sample preparation and column
chromatography, which is performed in the shielded ana-
lytical cells. A sample aliquot of 2 mulliliter is used. The
caustic waste samples are first acidified to less than 2 molar
acid with 10 mitliliters of 3 molar nitric acid. To ensure that
all of the plutoniumisin the (IV) valence state the plutoniam
is first reduced to the (11) valence state with 2 milliliters of 2
molar ferrous sulfamate. Ten milliliters of concentrated
nitric acid are added to oxidize the ptutonium to the (1V)
valence state and adjust the final sample acidity to 8 molar.
After a wait step to ensure all the platonium is oxidized to
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the Pu (IV) state, the solution is loaded onto a column
containing AG MP-1 ion exchange resin filled to 15 mmn
above the bottom 20 pm frit. Applied vacuumiis maintained
at S inches of mercury. controliing the flow rate to S to 10
milliliters per minute. A total of 20 milliliters of 8 molar
nitric acid is added to remove fission products. The columns
containing the purified plutonium are transferred to a
radiobench and the plutonium is removed using a modified
Spe—ed Mate™ vacuum extraction system. The plutoniumis
eluted with 10 milliliters of a mixture of 0.02 molar nitric
acid and 0.02 molar hydrofluoric acid. The purified
plutonium solution is evaporated to dryness under a heat
lamp. redissolved in 1 milliliter of 3 molar nitric acid. A 50
10 200 pl. aliquot of sample is evaporated onto a plate for
alpha spectrometric determination,

Plutonium Sample Preparation
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Figure 2. Plutonium Sample Preparation

Instrumental Analysis

A Finnigan MA'T 260 thermal ionization mass spectrometer
is used to perform the uranium isotopic measurements.
Normal instrument operational parameters were employed
for the uranium isotopic measurements usine a rhenium
filament arrangement.
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Solid state silicon surface barrier alpha detectors were used
for both the total alpha and alpha pulse beight analyses.

Verification Testing and Results

The uranium method was tested on a simulated waste
solution, holding the U*** spike concentration constant and
varying the sample uranium concentration. The optimum
spike to sample uranium ratio for the thermal ionization
mass spectrometer used was de termined to be no more than
10:1 for a spike to sample (or sample to spike) ratio. The
method was tested at 15: | ratios over the expected sample
aranium concentrations. The results are shown in Figure 3.
The results show that total uranium can be measured
accurately at the 1 x 107 g/L level. The U isotopic
concentration can be determined at even lower levels.

Uranlum Recovery
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Figure 3. Uranium Recovery

‘The plutonium method was tested on a simulated waste
solution with known plutonium standards. The results given
in Table 2 showed an average standard recovery of 102%,
with a standard deviation of 3.3 percent. The detection limit




for the plutonium method is approximately 100 disintegra-
tions per minute per milliliter of solution (approximately |
ppb).

Table 2. Plutonium Recovery

Known Value Measured Value Recovery
(dpm/ml) {dpm/mL.) (%)
501 E4 5.00 E4 99.8
5.01 E4 5.02E4 100.2
5.01 E4 S5.12E4 102.2
501 E4 S47E4 109.2
501 E4 S.04E4 100.6
501 E4 4.89E4 97.6
501 E4 5.30E4 105.8
501 E4 5.11E4 102.1
5.01 E4 5.12E4 102.2

Average Recovery = 102.2%

Std. Dev. =3.3%

Summary

The high speed extraction chromatography techniques
developed by the SRS Central Laboratory provide a rapid
and reliable measurement of trace fissile uranium and
plutonium in high activity liquid waste tank material. The
methods have proven to be versatile, handling a wide range
of varying sample characteristics, easy to use and generate
no radioactive solvent waste. In the future these methods,

with some modification, may be expanded to solutions
associated with waste removal and processing.

Acknowledgements

The author wishes to acknowledge Leon Bush. Mary
Benton, Rhonda Roundtree, Becky Sturdivant, Solomon
Spencer, and Jim Satkowski for their role in the develop-
ment of these methods. Also deserving recognition are the
shift personnel at the Central Laboratory for their efforts in
analyzing and measuring the many alpha plates required to
completely test the plutonium niethod.

The information contained in this document was developed
during the course of work done under Contract No.
DE-AC09-89SR18035 with the U.S. Department of En-

ergy.

References

I, S.L. Maxwell, [l and J. T. Coleman, “Measurement
of Impurities in Plutonium Metal by Rapid lon Ex-
change/Direct current Argon Plasma spectrometry”,
30th Annual INMM meeting Proceedings, pages
155-160.

S. L. Maxwell, 1lI, “Measurement of Impurities in
Uranium by High Speed Extraction Chromatography
— Atomic Emission Spectrometry”, 31st ORNL~-DOE
Analytical Chemistry in Energy Technology, October
10-12, 1989.

2

MYL060 19 MPB









