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l-.u. Box Da
Ida.hOFalls, Idaho 83403-2528
(208) 533-7311

ABSTRACT

An important parameter in characterizing an
irradiated nuclear fuel is determining the amount of
uranium fissioned. By determining the amount of
uranium fissioned in the fuel a “burnup”
performance parameter can be calculated, and the
amount of fission products left in the fuel can be
predicted. The quantity of uranium fissioned can be
calculated horn the amount of lanthanum and
technetium present in the fuel. Lanthanum and
technetium were measured in irradiated fuel samples
using an Inductively coupled Plasma ~tomic
~mission @ctroscopy (ICP-AES) instrument and
separation equipment located in a shielded glove-
box. A discussion of the method, interferences,
detection Iiiits, quality control and a comparison to
other work will be presented.

INTRODUCTION

The determination of the atom percent bumup
in irradiated nuclear fuels is important information
to operators of nuclear reactors, scientists, and
engineers concerned with the treatment and
disposition of spent nuclear fuels. Historically the
atom percent burnup and fission products contained
in the fiel may be determined by measuring
neodymium, lanthanum2’3, technetium, cesium4 or
the than es in isotopic composition of the fissile

Fmaterial . Previous work concentrated on
technetium and lanthanum because of high fission
yield, stability, low mobility, and similar fission
yields for fissionable isotopes. The analytical
techniques have involved chemical separations
before spectrophotometric determinations for
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technetium. Chromatographic separations followed
by thermal ionization mass spectrometry or spiking
of the sample with 138Laand using isotopic dilution
mass spectrometry have been used to determine
13gLa.Recently an Inductively coupled ~lasma
(ICP) with a high resolution spectrometer and a fiber
optic coupled cable has been used to determine
Ianthanum.c These methods have required separate
analytical efforts to determine lanthanum and
technetium, and were lengthy and labor intensive.

A method has been developed at Argonne
National Laboratory West (ANL-W) to measure
simultaneously the concentrations of lanthanum and
technetium in two types of irradiated nuclear fuel.
The two fuels differ in the enrichment of 235Uand
the neutron flux they were exposed ta hence
differing amounts of uranium were fissioned and
consequently varying amounts of lanthanum and
technetium were created.

Two difficulties associated with the
measurements are the safe handling of radioactive
liquid samples, and the spectral interferences caused
by high concentrations of uranium (>10,000 ughnL)
when measuring low levels (ug/mL) quantities of
lanthanum and technetium using an ICP-AES.7

The method described herein incorporates the
use of a shielded glovebox. Contained in the
glovebox are the plasma and sample introduction
system for ICP-AES, and the equipment needed to
separate the lanthanum and technetium from the
uranium.
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EXPERIMENTAL

An ARL 3580 ICP-AES instrument was used to
measure the dissolved samples. Typical conditions
and hardware for the instrument are listed in Table
1
L.

The micro-concentric nebulizer was selected
because of its efficient use of samplq consequently
smaller volumes of sample were needed. The use of
less sample reduced the radiation field for the
workers and the amount of liquid waste for disposal.
Due to the difficulty with connecting the nebulizer’s

supplied small diameter tubing to the small bore
peristaltic pump tubing in the glovebox; a modified
flow injection analysis (FIA) scheme was used. The
sample introduction system used an injection valve
with a 1 mL sample loop and a low pressure
metering pump; consequently flangeless fittings and
ferrules (1/16”) could be used to connect the tubkg
in the glovebox.

Unlike FIA which collects signal data in real
time the signal was processed as steady state. The
instrument time required for each analysis was seven
minutes. Additional parameters are listed in Table
2.

The instrument was calibrated using diluted
NIST traceable standards (SPEX Industries, Edison
N.J.), except for the technetium. The technetium
standards were prepared at ANL-W and the
concentrations were determined by liquid
scintillation counting with a NIST standard used as a
reference.

SAMPLE PREPARATION

Solid samples of irradiated fuel were dissolved
remotely in the “hot cell” shielded facilities using
concentrated nitric acid and 0.5 N hydrofluoric acid.
The resulting solutions were diluted to 6N nitric

acid with a trace amount of hydrofluoric acid. It was
necessary to maintain the nitric acid concentration
greater than 6N to keep the lanthanum in solution,
All our samples were prepared and extracted in a 6N
nitric acid matrix.

The uranium was removed from the sample
using a laboratory constructed chromatography
column packed with U/TEVA resin @lChroM

Industries, Darien, IL). The column (12” long by
1/8” O.D. by 1/16” I.D. Teflon tubing) was slurry
packed with about 0.45 grams of 100 to 150 micron
resin particles. This size of column reduced the
concentration of uranium in a 1 mL sample from
12000 ug/mL to values less than 1 ug/mL. The resin
was trapped in the column with column end fittings
containing 10 micron filters. Additional equipment
that was needed for remote handling of the
radioactive samples included pumps, pneumatic
actuated 4-way slider valves and solenoid valves.
The footprint for this equipment inside the glovebox
was approximately one square foot.

The uranium was extracted from the column by
forcing the liquid through the U/TEVA column with
argon and collecting the liquid at the discharge of
the column. During this process the uranium was
captured by the resin, but not the lanthanum and
technetium. Two 1 mL aliquots of acid were used to
rinse the column to ensure all the lanthanum and
technetium eluted from the column. The uranium
was then removed tlom the column using 5 mL of
1% HzS04-O.05”N HN03and then reconditioned
with 6N HNOS; hence the column can be used for
many samples before replacing it. Sample extraction
time was about fifteen minutes.

The quality of the extraction was very important
for the analysis. Not only must the uranium be
removed, but all of the lanthanum and technetium
must have eluted from the column. Development
work used samples with additional quantities of
lanthanum and technetium added. This work
revealed that the signals from Tc and La were biased
significantly when uranium was present. For
example, a uranium concentration of 5 ug/mL
introduces a bkis low of about 50 ng/mL when using
the 333.7 nm emission line of La, and a uranium
concentration of 10 ug/mL introduces a bias high of
about 35 ng/mL for Tc. The La 408.7 nm emission
line was not effected by uranium at concentrations
less than 100 ug/mL. Unfortunately this line was
less sensitive; consequently both La emission lines
are measured. Uranium was measured because of its
interfering nature.

Proper analyte elution was monitored by adding
a known amount of scandium to each sample before
extraction and measuring it during sample analysis.
Measured values lower than expected indicate that
the other elements may be biased low as well.
Possible reasons for low may include 1) improper



. .

addition of scandium; 2) the total volume of sample
dilution was greater than the calculated volumq 3)
the column was rinsed too many times; 4) the
column was not rinsed enough and the scandium is
still in the column; or 5) the resin has degraded and
its separation properties has changed. Higher values
indicate that the other elements may be biased high.
Possible reasons for high scandium values are
similar to the above with an additional reason being
poor re-conditioning of the column. No attempt was
made to correct the Tc or La values to the recovered
quantity of scandium; if the scandium recoveries
were not as expected the analysis was repeated.

DATA RESULTS AND DISCUSSION

Typical concentrations of La and Tc were 1400
ng/mL and 1000 ng/mL respective y. The average
values for the limits of quantification (LOQ) are
listed in Table 3. There are two types of values.
One is for the liquid solution analyzed and the other
for the solid sample received. The LOQ for the solid
is dependent upon sample size, dissolution volume
and any subsequent dilutions of the liquid. The
liquid LOQ values indicate perfonmmce of the
instrument and the solid LOQ values the amount in
the sample. The solid LOQ values are calculated
from typical sample preparations, which are for a 1
gram sample dissolved with 100mL of acid and then
incorporating appropriate &llution factors. Typically
a sample was diluted by ten to reduce the activity
levels in the glovebox and three from the extraction
process. For less radioactive samples the solid LOQ
values would be l/10th of those reported. LOQ
values are ten times the minimum detection limit
(MDL), which are calculated using the standard
deviation of the signal for three measurements of a
blank and then multiplying it by three and the slope
of the calibration curve.

A listing of the calculated grams of fissioned
uranium is shown in Table 4 and percent differences
are shown in Table 5. The amount of uranium
fissioned was calculated by converting the mass of
La and Tc to atoms and then using their respective
fission product yields to calculate the source atoms of
uranium and finally the mass of uranium fissioned.
For example

(3 mg Tc/sarnple)(l g TcJIOOOmg Tc)(l mole TcJ
99 g Tc)(6.023E23atoms/mole) = 1.82E19 atoms of
Tc

(1.82E19 atoms Tc)(l atom U/.O6l5 atom Tc)(l
molef6.023E23 atoms) (238Ug/mole)= .1169 g of
uranium fissioned.

Fission product yields are for 235Uand thermal
neutrons tlom the chart of the nuclidesg. Ideally the
grams of uranium fissioned, calculated born
lanthanum and technetium, should agree. The data
consistently agrees within 570. The average
difference is less than 19Z0.

An additional comparison is to a model code
developed by Argonne National Laboratoryl”. The
model incorporates neutron flux, position of the rod
in the core, irradiation history and other factors
besides simple 235Ufission yield to predict the
amounts of an element remaining in the fuel piece.
A comparison of nine samples is listed in Table 6.
The data in Table 6 shows that the calculated and
measured technetium data agree very well. Presently
there is an average bias of 6% between calculated
and measured lanthanum data.

CONCLUSION

An ICP-AES method, using U/TEVA resin to
remove the uranium horn the sample, has been
developed to determine the amount of lanthanum
and technetium in irradiated fiel. The method can
be performed safely, yields comparable results and
has a reasonable productivity of analyzing six
samples a day from already dissolved samples.
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lJ-&DLr, 1

Torch Type ARL quartz mini-torch
Coolant gas pres. 24 psig I

Plasma gas pres. 22.5 psig

Spray Chamber ARL HF resistant spray chamber with Teflon adapter
(ANL-W built). The flow spoiler was removed horn
the spray chamber to improve the signal when using
the micro-concentric nebulizer.

Spectrometer Vacuum <20 uHg
Temperature 30 “c
Grating 1080 grooves per mm

Incident Power 650 Watts
Reflected Power <10 Watts

Nebulizer Type CETAC Micro-concentric
Liquid flow 0.1 mL/minute
Gas pressure 30.5 psig
Pump FMI metering pump

Injection valve Two 4-way slider valve assembly with pneumatic
actuator and a spring return actuated by a solenoid
valve.

Sample loop size lmL

TABLE 2

ANALYTE EMISSION BG1 BG2 INTEG. PMT SLIT
LINE (rim) (rim) (rim) TIME SETTING (Urn)

(see)

Sc 363.080 I -.022 I .029 I 3 I 80 I 20

TC ! 264.7018 I -.032 I .022 i 8!95!20

La409 408.672 -.020 .020 8 95 20

La333 333.749 0 .024 8 85 20

U409 I 409.014 1-.0221 0 I 5 I 120 I 20

TABLE 3

Analyte Average Average Solid
Liquid LOQ LOQ (ug/g)
(ng/mL)

La409 220 680

La333 75 225

Tc I 115



TABLE 4

Date Calculated U Calculated U Calculated U
Fissioned for Fissioned for Fissioned for Tc

La333 (@ample) La409 (g/sample) (g/sample)

11-26-97 0.1121 0.1126 0.1096

,, 0.1107 0.1115 0.1091

,, 0.1155 0.1184 0.1148

,, 0.1098 0.1115 0.1077

,, 0.1105 0.1115 0.1075

,* 0.1074 0.1111 0.1120

n 0.1208 0.1214 0.1206

,, 0.1147 0.1171 0.1143

,, 0.1083 0.1093 0.1059

04-14-98 0.1050 0.1028 0.1061

II 0.1016 0.0987 0.1036

It 0.1070 0.1077 0.1114

,, 0.1203 0.1181 0.1230

,, 0.1039 0.1040 0,1067

,, 0.1114 0.1070 0.1134

,, 0.1111 0.1116 0.1139

t, 0.1207 0.1194 0.1232

04-08-99 0.1064 0.1053 0.1056

,, 0.1047 0.1053 0.1060

,, 0.1030 0.1029 0.1027
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TABLE 5

Date I%Difference La333 I %Difference La409 - % Difference La333 -
- Tc Tc La409

11-26-97 I 2.25 I 2.73 I -0.49

,, 1.39 2.17 -0.79

,, 0.58 3.02 -2.52

,, 1.97 3.43 -1.51

,, 2,69 3,59 -0.94

,, -4.28 -0.73 -3.52

,, 0.19 0.68 -0.49

1, 0.35 2.40 -2.10

It 2.18 3.06 -0.91

04-14-98 -1.05 -3.24 2.12

,, -1.97 -4.93 2.82

,, -4.11 -3.39 -0.70

,, -2.26 -4.17 1.84

,, -2.71 -2.61 -0.10

t, -1.77 -5.98 3.97

,, -2.54 -2.08 -0.45

,, -2.02 -3.15 1.09

04-08-98 0.75 -0.30 1.05

,, -1.26 -0.75 -0.51

,! 0.39 0.22 0.18

Average I -0.74 I -0.51 I 0.18



TABLE 6

hrnple No.

1

2

3

4

% Difference La

7.5

1.8

6.7

10.0

YODifference Tc

0.7

-3.3

-0.7

-0.5

5

6

5.7

3.0

-0.5

-5.3

7 6.0 3.1

8 7.9 1.4

9 10.1 4.6

Average 6.5 -0.04

Standard 3.3 3.1

Deviation


