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Sellafield- Where are we?
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Mass Spectrometry and Analytical Services

Analytical Services Building- a brief overview:

* The building was built in 1951-52

» Consists of 96 laboratories (and numerous offices, storerooms etc..)
» Size of 4 football pitches

» Within the controlled area (readily accessible to plants)

» A large variety of analyses in terms of sample types and chemical species
are measured.

* The instrumental analytical techniques used in the department encompass
a wide range of routinely used analytical techniques e.g. Mass
Spectrometry, Optical Spectrometry, X-Ray, Chromatography,
Polarography, Titrimetric techniques and a range of radiometric
applications.

* It is intended that the building should provide the site’s analytical service
until at least 2035.
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Mass Spectrometry and Analytical Services

» Analytical Services currently employs over 200 analyst S
* Analyses >203,000 samples per year

» Performs >270,000 analyses on these samples

* Mass Spectrometry section has 10 staff (2 part time )

* Mass Spectrometry section performs 10,000 analyses on
3,200 samples per year
e The section instrumentation comprises:
— 3 TIMS instruments
— 1 MC-ICP-MS instrument (undergoing commissioning)

— 1 Gas instrument
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Mass Spectrometry and Analytical Services

The past: MS5 TIMS by AEI (Associated Electricatllistries)
050’s _De ISSI I: 199
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Mass Spectrometry and Analytical Services

The present: VG 354-10 by Micromass
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Mass Spectrometry and Analytical Services

The present: Sector 54-30 TIMS by Micromass
Installed : May 1992



Mass Spectrometry and Analytical Services-

GV Instruments Isogrobe-T

The present: Isoprobe-T TIMS by GV Instruments
Installed: February 2004



Mass Spectrometry and Analytical Services

The present: MM8-80 by Thermo
Installed: November 1990



Mass Spectrometry and Analytical Services

Mass Spectrometry section analyses samples for the
following analytes:

* Plutonium (routinely)
« Uranium (routinely)

e Gadolinium, Neodymium, Lutetium, Erbium (non-routinely)

Currently investigating Zirconium. (Past work has included
Transition elements, Rare Earths plus other elements)



Mass Spectrometry and Analytical Services

Samples are routinely measured from most plants on the
Sellafield site, including:

 Magnox reprocessing operations

« THORP reprocessing operations

» Sellafield MOX plant

e Uranium and Plutonium finishing plants
 Enhanced Actinide Removal Plant (EARP)
« Vitrification plant (VIT)



Mass Spectrometry and Analytical Services

The majority of the analysis is measuring Pu and U
concentration plus isotopics for:

» Accountancy/Safeguards (Magnox and THORP dissolver
solutions) vital for customer and regulatory confidence

* Plant control (samples from various process streams) vital for
process control

* Product specification (samples from Uranium and Plutonium
finishing plants, both nitrate and oxide) vital for customer
specification



Mass Spectrometry and Analytical Services

Analytical Technique:

The analysis of the samples is either by direct measurement
for isotopic abundance or by spiking (with a known tracer) for
element concentration.

Samples are either analysed directly (liquid samples), after
simple chemistry (dissolving) or complex chemistry (addition
of tracer prior to chemical purification and separation).

The prepared samples are mounted onto a filament assembly
prior to analysing in the Mass Spectrometer instrument.



Schematic Diagram of a Multi Collector
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Mass Spectrometry and Analytical Services

Types of tracers used in Mass Spectrometry:

e Single tracers (U 233, Pu242or244) ysed for low levels of
analytes, typically ng or microgram/ml Pu, microgram or
mg/ml U

e Double tracers (U 233/Pu?4?) for low levels of analytes,
typically microgram/ml Pu and mg/ml U

e Large Scale Dried Spikes (U 235/Pu?39) used for high levels of
analytes, typically mg/ml Pu and high mg/ml U

 Small Scale Dried Spikes (U 233/Pu?*4) used for low levels of
analytes, typically ng/ml Pu and microgram/ml U

Note: for higher precision weight aliquots are used (al I
tracers calibrated for weight aliquots). All tracers are

—calibrated against standard reference materials produc____edin-

house.



Mass Spectrometry and Analytical Services-

LSDS analxsis

The Large Scale Dried Spike (LSDS) technigue is applicable
to high concentrations of Plutonium and Uranium in irradiated
fuel dissolver liquors.

The technique is used in a shielded cell area which handles
the highly active solutions.

The solution is ‘spiked’ at source to ensure no errors are
iIntroduced from dilution of the sample (to reduce radiation).

The technique can be employed for low levels of analyte in
highly active ‘raffinate’ solutions.



Mass Spectrometry and Analytical Services

The concentration of the element is determined from the
Isotope Dilution equation:

For Plutonium or Uranium by LSDS:
[Pu] = (Ry-R1) XM X240 X T3 X TC  [U] = (Ry-R7) XM X238 X Tooe X TC
(I-RyRg) Mg 239 Sy (1I-RyRs) Mg 235 S,g
Where: R,, is the measured 240/239 or 238/235 at/at ratio of the mixture
R; is the 240/239 or the 238/235 at/at ratio in the LSD spike

M; is the mass of Spike (g) Mg is the mass of Sample (Q)

240, 239, 238, 235 is the isotopic mass of Pu?4%:239 and U?38.235

Toag Toss is the % wt/wt of Pu?3® U235 in the LSD spike (always 100%)
S,40 S,ag is the % wt/wt of Pu?4° U238 in the unspiked sample

TC is the concentration of Pu?3® and U3 in the LSD spike (mg/qg)




Large Scale Dried Spikes

Pictorial representation of the use of LSDS
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Large Scale Dried Spikes

Pictorial representation of the use of LSDS
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Large Scale Dried Spikes - Chemistry

Received sample undergoes separation
chemistry:

Load sample Pu/U/FP’s
* Redox

e Load to column in nitric acid

e Elute Pu with ascorbic acid
U.TEVA resin 2ml

 Elute U with hydrochloric acid column bed retained by
polypropylene frit

e Convert to nitrate

e Dry
1. FP’s and Arfflwash out

Time for chemistry: 5 hours 2. Elute Pu
3. EluteU



Large Scale Dried Spikes - Analysis

* Dried samples mounted to triple W/Re/W filament

» Turret assembled and inserted to mass spectrometer
» Spectrometer evacuated to low pressure (1E-06 mbar)
e Liquid nitrogen to cold trap (pressure to 5E-07 mbar)

* Ratios measured by TIMS (single or multi collector
Instrument)

* Results calculated off-line (DOS based instrument software

TiepBNe! prepesefiAabpiate amplisis At liresul hours



Large Scale Dried Spikes - Analysis

Total time for analysis of sample from initial preparation to
reporting of result :

6hrs (homogenisation) + 5hrs (chemistry) + 4/18hrs (analysis)

+ transfer times (6 — 10hrs) = 21-39 hours

This equates to 3 days between taking the sample and
reporting an analytical result to the operational plant.

Delays from analysis would result in stopped/delayed
production



Mass Spectrometry- The problems with TIMS

« Slow analytical turn round

 Repeat analysis slow

 EXpensive

o Costly waste disposal

* Instrumental issues (mass fractionation)

e Avallability of filament assemblies

What is the solution?



Mass Spectrometry- How to improve throughput?

The future: MC-ICP-MS (Nu-Plasma) by Nu-Instruments
Installed: March 2006



Mass Spectrometry and Analytical Services

Why MC-ICP-MS?

* Precision as good as TIMS

» Less chemical preparation (1 hour vs. 5 hours)

» Faster- typical analysis takes 10 minutes (4 hours for TIMS)

e Cost- reduced materials/consumables (filaments, beakers,
reagents, less PCM generation, reduced operator
requirement)

* Reduced instrument downtime — does not require vacuume-air-
vacuum (samples aspirated directly into instrument)
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The End

Any Questions?



