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MEASURING PROCESS SOLUTIONS IN A REPROCESSING PLANT TO 0.1% 

J. M. Crawford, M. H. Ehinger, and J. H. Ellis 
Allied-General Nuclear Services · 

Barnwell, South Carolina 

Abstract 

Measurement of SNM in reprocessing plant solutions involves two 
major problems; measurement of "bulk" solution quanti ties and analysis 
·of highly radioactive samples. It has been shown at the BNFP that 
"bulk" measurements can be made routinely t,~nder operating conditions to 
less than 0.1% total uncertainty. 

Two specific advances in measurement technology have been largely 
responsible for this improved performance. The quartz bourdon tube 
electromanometer replaces the fluid manometer for differential pressure 
measurements. The vibrating tube densimeter provides accurate measure
ment. of density in lab samples. These instruments, coupled with a 
rigorous measurement and quality control procedures are the means to 

- achieve better than 0.1% performance. 

1. Introduction 

The Barnwell Nuclear Fuel Plant (BNFP), owned by Allied-General 
Nuclear Services (AGNS), was originally designed as a 1500 MTU/year 
spent LWR reprocessing facility. Located in Barnwell, South Carolina, 
USA, the facility was essentially complete in 1977 when President Carter 
announed the U. S. policy of indefinite deferral of commercial repro
cessing. Since 1977, the BNFP, which is the only uncontaminated, 
modern, commercial-scale reprocessing facility in the world, has been 
used for development and demonstration of advanced safeguards techniques 
for fuel cycle facilities under contract with the U. S. Department of 
Energy (DOE). 

One of the major safeguards programs at the BNFP has been to 
improve the quality of volume measurements in the process accountability 
tanks. Process solution measurements of better than ±0.1% have been 
routinely obtained by operating personnel during full-scale testing with 
natural uranium. 

A large part of the testing activities at the BNFP has centered 
around "integrated uranium runs." During these runs, natural uranium 
was introduced to the Separations Facility and the process was operated 
under the· same constraints that would be applied to "hot" facility 
(except for sample analysis work and special sampling). An initial 
charge of 12 to 15 MTU was introduced to the system and the full solvent 
extraction system was operated. The product nitrate solution was mea
sured using full accountability measurement techniques and transferred 
back to the front end of the system, where it was then remeasured as 
input to the solvent extraction system. The extraction cycle "waste" 
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streams were collected, concentrated, and measured prior to waste dis
posal. This arrangement allows continuous operation using a minimum of 
actual feed material and provides the additional benefit of allowing 
direct comparison of input and product measurements. 

Approximately 500 MTU of uranium have been processed, providing an 
extensive data base for evaluation of the nuclear material control and 
a~counting systems. 

Although natural uranium solutions were used, vessel calibration, 
measurement, measurement control and sampling equipment, and procedures 
applicable to routine "hot" operations have been applied. Results and 
capabilities which are projected in this report are attainable in 
routine reprocessing plant operations. 

Equipment and Procedures 

Obtaining process solution measurement accuracies below 0.1% 
requires a carefully controlled calibration program to develop the 
volume-level relationship and a rigorous operating measurement control 
program. At AGNS, considerable attention has been focused on both of 
these aspects of process solution measurements. 

The vessel calibration program has received considerable attention 
starting with the initial design effort. For instance, the Input 
Accountability Tank was designed with an external cooling jacket to 
eliminate the need for internal cooling coils that complicate calibra
tion data. The level dip tube was placed as low as practical in the 
tank to ensure a measured heel after transfers. This eliminates any 
effect due to variation in the jet heel. The tank was also equipped 
with a separate addition line which passes out of the containment cell 
to a low radiation area. The line is specially designed and installed 
to eliminate any low spots which can trap calibration liquids during 
increment additions. This arrangement allows remote addition of 
calibration liquids for recalibrations after "hot" operation is started. 
This consideration is essential to maintaining the quality of the bulk 
solution measurements • 

Careful attention was also paid to vessel internals. As an 
example, the sparge (air mix) line in the tank is normally empty after 
mixing. It was found, however, that temperature, operating procedures, 
tank level, and other considerations could allow varying amounts of 
liquid to enter the line in the tank, thus, affecting the precision of 
the calibration relationship and measurements. To correct this problem, 
a vent hole was added in the line internal to the tank which allows 
liquid to seek tank level in the sparge line for a consistent 
volume/level relationship. 

·The calibration procedure uses the mass method, whereby, weighed· 
increments of calibration liquid (water) are added to the tank • 
Precision instrumentation, whose calibrations are traceable to the 
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national measurements system, are used to measure the mass of the 
incremental addition and corresponding tank liquid level. A precision 
beam scale with digital readout is used to weigh each increment. The 
scale has a manufacturer's stated accuracy of ±0.01% of scale capacity 
and is held to .a tolerance of at least 0.02% of capacity by field 
calibration with secondary standard weights. These secondary standards 
are, in turn, calibrated to "Class C" tolerances using weights certified 
to National Bureau of Standards (NBS) "Class S-1" tolerances. After 
addition of the calibration increment, the tank liquid level is measured 
using the quartz bourdon tube electromanometer. The manufacturer's 
stated precision of the manometer is 0.006% of full scale. The 
manometer is calibrated using a precision piston air gage traceable to 
our national measurement system. The solution temperature is measured 
using a Type K thermocouple located in a temperature well in the tank. 

Data reduction includes conversions of mass increments to volumes 
and differential pressure to level. Corrections are made for tempera
ture and buoyancy effects on the weighed increments. The corrected 
volume and liquid level data pairs are then fitted to a polynomial 
relationship using standard regression techniques. The net result is a 
relationship which predicts volume corresponding to a liquid level. 
Evaluation of multiple passes of measured data to calibration predic
tions indicate the relative error in the calibration is <0.05%. This 
calibration accuracy was accomplished in a full-scale facility with 
installed equipment. 

The derived calibration equations are used during operations to. 
predict tank volume from measured liquid level. The accuracy of these 
liquid level measurements during routine plant operation has been a 
large source of measurement error in the past and represents the key to 
improving measurement capabilities. At the BNFP, the liquid level and 
in-tank density measurement systems use the quartz bourdon tube elec
tromanometer to measure differential pressures across purged dip tubes. 
Representative samples are also drawn and analyzed for density using the 
Anton-Paar vibrating tube densimeter. The densimeter provides density 
determination to 0.06% on representative process samples. 

The instruments alone are capable of, but not sufficient to, main
tain 0.1% measurement accuracy. A rigorous quality control program is 
applied to maintain instrument accuracy. The electromanometers are 
routinely removed from service and recalibrated using the precision 
piston gage. Tolerance is held to maintain 0.006% accuracy during 
calibration. The densimeter is subject to an on-going QC program. A 
quality control standard is submitted at the start of each shift and the 
results must fall within control limits or the instrument must be 
calibrated. 

The most important part of the measurement program is the applica
tion of a "real-time" measurement control program. Even with precision 
vessel calibration relationships and accurately calibrated measurement 
equipment, measurement data is subject to a number of system errors 
which can dominate material balance calculations, especially when 
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measurements of 0.1% are desired. These errors include probe restric
tions or leaks, improper tank mixing, nonrepresentative samples, 
recording errors, equipment malfunctions, and purge air imbalances. 
These problems (errors) must be detected and corrected by remeasurement 
or resample and reanalysis in a timely manner. This must be accom
plished before the batch identify is lost and while remeasurement is 
still possible. In this sense, the measurement control program must be 
"real-time." 

At the BNFP, the problem of measurement control has been given 
considerable attention. For each major material balance measurement 
point, the measurement procedures require measurement of the batch prior 
to sampling activities, and remeasurement after sampling -- which is a 
minimum of an hour later. This gives duplicate measurements to detect 
dip tube measurement problems or instrument malfunc tiona. It has also 
been shown that density measurements comparisons are extremely sensitive. 
indicators of measurement or sampling problems. The sample is analyzed 
for density in the laboratory at 25°C before the batch is moved. The 
density at 25°C is converted to the density at tank temperature using an 
AGNS-developed relationship which includes the effects of acid concen
tration, density, uranium concentration, and temperature. For the Input 
Accountability Tank, as an example, this converted analytical density is 
compared to the in-tank density as measured with the dip tube system and 
electromanometer. Process data shows this difference to average 0.03% 
with a standard deviation of the difference of 0.12%. Since the 
solution is drawn from a slightly different area of the tank than the 
dip tube measurement, differences may indicate inhomogeneity, an 
inadequately recirculated sample, or pressure measurement problems. 

With the measurement capabilities demonstrated at the BNFP, the 
comparative measurement can spot problems at (0,1%. The procedures 
require density and acid concentration measurements to be complete in 
the laboratory before the sampling step is considered complete. Thus, 
all the information is available while the solution is still available 
for remeasurement or resample if problems are indicated. 

Test Results 

The capability to measure process solutions in a full-scale 
(1500 MTU/year) facility has been demonstrated at the BNFP. The plant 
has been operated in a testing mode using natural uranium to simulate 
actual operations. As part of this simulation, input solutions were 
measured in the Input Accountability Tank using remote measurement 
equipment and sampling systems designed for normal hot operations. The 
uranium product solutions were measured in the Product Tank as would be 
the case in actual operations. The uranium product is transferred 
directly back to the input tank using a specially·designed pump transfer 
route rather than transfer to a conversion facility. This enabled 
direct comparison of batch transfers using the two major accountability 
tanks necessary for material balance calculations. This technique 
provided independent measurement of the same batch using the two tanks 
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and a direct assessment of measurement capabilities using pump trans
fers. Thus, the effects of Product and Input measurements on material 
balance calculations can be evaluated. 

The Input Accountability Tank is an 8000-liter vertical cylindrical 
tank. Two electromanometers were used in conjunction with the bubbler 
system for liquid level and density measurement and Type K thermocouples 
were used for temperature measurement. The Product Tank is a similarly 
instrumented 13,000-liter vertical cylindrical tank. 

The normal transfer between the two for the testing operations 
(routine sized product and input batch) was 7,200 kilograms solution 
containing 1,750 kilograms uranium. (Note that kilograms solution are 
used as the bulk measurement unit to allow direct assessment of quantity 
transferred without the temperature effects on volumetric transfer 
measurements.) Each product batch is measured before and after transfer 
with the difference being the quantity transferred in the batch. The 
input tank is measured before receipt with the solution characterized 
from the previous measurement. It is measured and sampled after receipt 
with the difference being the quantity received in the batch. The com
parison of product transferred to input received is the measure of per
formance. 

For 172 batches transferred during the 1979 testing perio~, the 
average difference between batches measured in both the product and 
input tanks was 0.52 kilogram solution with a standard deviation of 
6.5 kilograms solution. This is an average difference for two measure
ments of typical batch transfer of 7,200 kilograms solution and is based 
on the net volume transferred from the product tank and the net volume 
received into the input tank for each batch. It indicates that a net 
solution measurement for a single tank had a relative standard deviation 
of + 0.06%. 

These measurements were made in a full-scale facility by operating 
personnel using techniques applicable to an actual operating facility. 
It demonstrates the capability to measure to 0.1% and demonstrate the 
capability for timely detection and corrective action to deal with the 
mistakes and measurement errors which must be controlled to consistently 
operate with 0.1% capabilities. 

The incremental cost of a system capable of 0.1% measurements over 
a conventional system is not excessive. Most of the requirements are 
the same for both systems. For instance, traceable calibration stan
dards are required for both. A system for adding measured increments of 
calibration fluid is also required in both cases. Vessel instrumenta~ 
tion requirements, including level, density, and temperature instru
ments, are similar, as are sampling requirements~ Personnel require
ments are the same in that people are necessary to prepare and add 
increments during calibrations, and to measure sample and transfer 
solutions during operations. . · 
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The incremental costs for a calibration system capable of providing 
0.1% measurements are: 

Substitution of an electromanomete.r for a fluid manometer for about 
$3500. 

Substitution of a precision triple beam balance (0.01%) instead of a 
standard scale (0.1%) for about $4000. 

Improved pressure standard system (Ruska piston gage) for instrument 
calibration for about $5000. 

TOTAL COST -- $12,500. 

The incremental costs to.maintain 0.1% measurement capabilities 
during routine operations are: 

Improved lab density measurement capabilities in the form of the 
Anton-Parr Densitometer for about $6000. 

Operator time for application of real-time measurement cont~ol 
activities at about $25 per batch of solution measured. 

Substitution of electromanometers for primary Accountability Tank 
level and density instruments (feed, uranium product, and plutonium 
product only). 

Six instruments, or about $21,000. 

It has been shown that a single electromanometer can be pneu
matically multiplexed to a number of tanks or probe combinations. This 
was demonstrated in work performed by AGNS and Brookhaven National 
Laboratory as part of the Tokai Advanced Safeguards Technology Exercise 
(TASTEX). With this arrangement, a single electromanometer ($3500) is 
multiplexed for an additional cost of about $6000 and could serve the 
feed and product tank measurement requirements. 

Thus, it has been demonstrated that an order of magnitude improve
ment in solution measurement capabilities can be realized. Measurements 
can be made to 0.1% at a reasonable cost using available equipment and 
technology. 
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