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ABSTRACT

This paper describes a level measurement technique commonly used in the measurement of
radioactive liquids and equipment utilised by the inspectors for safeguards purposes. Some of
the influencing parameters affecting the measurement results by this technique are
characterised (1). An essential requisite for successful process operations in chemical
facilities involving liquids generally require some physical measurements to be made in-line
for both process and quality control in order to achieve the necessary final product
specifications. In nuclear fuel reprocessing facilities, the same objectives apply coupled
however with an additional requirement of achieving nuclear material accountancy and
control. In view of the strategic importance of some of the process vessels in nuclear
facilities, accountancy has to be supported by volume and density measurements of low
uncertainty. Inspectors therefore require instruments which are at the very least as good as or
better than operator's equipment. The classical measurement technique and most widely
applied for process liquids in nuclear installations is the bubbler probe or dip-tube technique.
Here a regulated flow of air passes through tubes inserted to various depths into the vessel and
pressure readings are measured which are a function of the presence of liquid height and
density of solution in the tank. These readings, taken together with a pre-determined
calibration curve are sufficient for the volume and amount of liquor in a tank to be quantified.
All measurement equipment and instrumentation are long distances from the tank
environment. The key physical parameter to measure at this location is therefore pressure.
Equipment designed, developed, commissioned and tested in the tank measurement facilities
at Ispra and in nuclear installations in Europe, Japan and the USA, house digital pressure
transducer modules with manufacturer's declared features of better than 0.01% accuracy and
long term stability of 0.01% full scale per year. Portable and fixed monitoring units have
been designed for carrying out both tank calibrations and long term unattended monitoring.
Application software has also been specifically designed for data acquisition and evaluation.
Installation of the equipment is quick and simple and does not interfere with the operator's
work schedules. Several tanks can be connected together for monitoring purposes.

1. Introduction

Radiochemical facilities, as with other plants require process and quality control of
intermediate and final products. However, wherever nuclear material is processed there is an
additional need for nuclear material measurements for material accountancy and its
verification. Detection of possible protracted or abrupt diversion of one significant quantity of
fissile material is not an easy task. Safeguarding bulk radiochemical facilities presents special
problems for the inspectorate, since the actual quantities of nuclear materials involved in
transfers and inventories are large. It is expected therefore, that the influences of errors on the
larger liquid volume/mass determinations will be substantially increased. Nuclear material
accountancy in facilities where processing of fuel is undertaken involving liquids in tanks
(reprocessing and fabrication facilities) is based on measurements performed on both input
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solutions and on the final liquid product prior to proceeding to a conversion process. The
measurement procedures are rather complex, in the sense they are performed on liquids in
tanks which are remote and in shielded areas, they include different measurement techniques
and usually involve a substantial amount of data processing and evaluation. Greater emphasis
and effort needs to be devoted to adopting a safeguards approach which supplements existing
conventional accountancy by making use of operators and inspectors process measurement
systems by collecting data in real or near real time accountancy mode (NRTA) as possible.
Quantities of nuclear materials are evaluated by mass/volume and concentration
determinations on the liquids inside the tank. The classical method generally adopted is the
use of a pneumatic measurement system which measures the pressures induced by the airflow
through at least 3 separate dip-tubes (normally designated as level, density and reference) plus
temperature measurements of the solution. Weighing of tanks is also utilised as a
measurement technique. Both techniques offer the advantages that all the measuring
equipment is outside of the shielded area and therefore easily accessible for maintenance
purposes. In order to render a system operative each tank needs to be calibrated which is an
essential part of the whole volume measurement technique. The pressures measured by the
operator in each tank are normally the differential pressures between the level and the
reference dip-tubes and between the level and the density dip-tubes, in order to determine the
level and density respectively of the solution present within each tank, (utilising of course the
pre-determined calibration curve for each tank). The accuracy however, of the operator's
system or the information collected might be insufficient for accountancy and/or safeguards
purposes. An independent process measurement system therefore would need to be installed
by the inspectorates. Such a system needs to installed in parallel to an operator's equipment
and should have certain design characteristics which are compatible with an operator's normal
routine functions, for e.g. small, compact easily installed with advantages of accurate
measurements and presentation of data in a readily manageable form. In our support activity
to the inspectorate agencies portable systems have been designed, developed, tested in the
Tank Measurement Laboratory at Ispra (TAME facility) and in plants in Europe, Japan, USA
and Kazakstan.

2. Parameters

Some typical equipment developed at the JRC are shown below in Figures 1-3, namely a
Level Measurement Unit (LMU), a Portable pressure Measurement Device (PPMD) and an
Unattended Volume Monitoring System (UVMS) all having different specific applications
(2). These portable process measurement systems incorporating data collection and
evaluation can be used to assist safeguards for example in:

improving of NRTA
- verifying the flow of nuclear material as declared by the operator

assuring continuity of knowledge on design information
unattended verification of nuclear material, transfers inventories
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Figure 1. Level Measurement Unit (LMU)

Figure 2. Portable Pressure Measurement Device (PPMD)
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Figure 3. Unattended Volume Monitoring System (UVMS)

At the core of the dedicated measurement hardware is the pressure measurement device with
declared manufacturer's precision of 0.01% full scale with serial communications. These
lightweight units have been utilised in experimental campaigns for examining phenomena
affecting pressure readings and data interpretation (3). Dedicated software has been written
for fast data acquisition, up to 8 acquisitions per second and interpretation. Some of the
factors influencing level measurements and interpretation are :
- rate of bubbling
- plugging
- temperature effects

calibration / recalibration methods
software

3. Rate of Bubbling
The criteria generally for determining the rate of bubbling to the level, density and reference
dip-tubes is to have or maintain a flow of air so that process control measurements are always
made. Also the flow and pressure to the 3 dip-tube legs should be maintained at the same
constant level. The effect of varying the rates between the dip-tubes must be examined and
recorded at the time of calibrations, when :
- the vessel is empty
- the vessel is one quarter full
- the vessel is half full
- the vessel is three-quarter full
- the vessel is full
Registering such data will serve as a data base for each particular tank showing differences in
pressure readings as a result of differential flows in the dip-tube legs, allowing corrections to
be made. This can only be made however if the individual pressures are measured and not the
differential pressures. Most plants operate with a flow in the range of 12 to 30 litres /hour,
most often opting for 18 litres/hour at an upstream pressure of 2 to 3 bar. Maintaining such
constant flows and pressures reduces the possibility of tube blockages, although this does not
entirely eliminate this phenomena.
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Figure 4. Comparison of Bubble Pressure Pattern formation as a result of Plugging

4. Plugging

This phenomena has been reported in references 4 and 5.The portable measurement
equipment is capable of detecting the gradual reduction of the free surface area of dip-tubes as
a result of the build up of deposits. Figure 4, shows the captured data of bubble formation
with and without a reduction in the free surface area. The result is the early detection of
abnormal bubble pattern formation. Such information gives advanced warning to the operator
so that remedial action in the plant can be scheduled. Similar phenomena has been obtained
on tests with solutions of density in the range 1 to 1.4.

5. Temperature effects

Attention has been given in the TAME laboratory to the biases generated by operational
procedures and by environmental parameters. An effect which has been extensively studied is
the bias generated by the changes in the temperature of the tank and its contents (6). The
variation in the pressure readings are shown in Figure 5. It is noted that the pressure measured
at the level probe(lower probe) decreases as the temperature increases, whereas the pressure
measured by the upper probe increases. This highlights the importance of temperature
measurements and corrections which need to be taken into account. The effects will have
similar tendencies for different tanks but different corrections due to the shape and size of
the tank. The important point of note is that these correction parameters must be determined
for tanks expected to be subjected to temperature fluctuations.
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Figure 5 Pressure change readings registered on the level and density probes during
cooling.
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6. Calibration Methods / Re-calibrations

Calibration of a vessel is an essential requirement, so it is extremely important that an
operator and inspector are fully acquainted with the methodology of tank calibrations.
Minimising the errors at this particular point will go a long way to reducing overall errors
over the entire calibration plan, since this data will be utilised in each and every interpretation
of a pressure or weight reading. Recent work has also highlighted that the use of fast data
acquisition can be extremely useful in avoiding recalibrations of tanks after some years of
operation. The technique relies on measuring the pressure change during incremental addition
or subtraction from a tank. Data analysis and calculation of incremental slope can pick out
non-linearities due to the change in slope, depicting internal features of a vessel, such as a
pipe, structural support or even a weld. Trials indicate with such a set-up, even with solution
entering the vessel in the continuous feed mode the change in slope can be detected. With the
design information knowledge of a vessel this data can be utilised to verify signature 'spots'
within a particular vessel. These kind of data bank build-up could eliminate the need
to recalibrate a vessel, just periodic checking of normal plant data with fast data acquisition
for short periods of time. Figure 6, shows data obtained for tank depicting features identified
under the conditions of continuous feed to the tank.

7. Software

Dedicated software has been written for the various hardware measurement devices utilised in
the mass/volume measurements. Since the emphasis is on fast data acquisitions and
mathematical interpretation/evaluation it is essential to have a system which gives a
representative value from the measurement sensor. This system allows this to be achieved,
whether in the calibration mode or monitoring operational mode. Attention has to be
distinguished in setting-up the system as to what exactly is required. For example some tanks
contents remain constant for extremely long periods of times. Thus the registering of values
every second would not be required, maybe every 30 minutes as a permanent record with the
condition that the present value of level does not change. The latter can be set by selecting an
alarm level for example which would be triggered once the liquid level changes by the preset
amount. Registering of data would continue until the level stabilised. This system is
extremely useful in the unattended monitoring units so that only relevant and important
changes are recorded. Also, tanks will be subject to periods of mixing and chemical
adjustment which cause variations in level readings.

8. Conclusions

It is extremely important to characterise a facility during tank calibrations and to identify
potential sources of error by performing instrument checks on each dedicated tank and
system. This enables corrections to be applied as indicated above when the plant is operating.
The determination of the various 'signatures'assists both the operator and inspector to
determine process control conditions and can avoid potential material accountancy
discrepancies.
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Figure 6. The internal slope profile features of a tank during a continuous feedrate of 64
1/hr.
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