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The Los Alamos Scientific Laboratory has operated an unirradiated

enriched uranium processing facility for approximately 25 years. At the

present time the process consists of leaching the burned, solid scrap

in HN03-HF solution, solvent extraction with TBP, precipitation of the

concentrated aqueous solution with H202 and calcination of the precipitate

to U308.

Various types of solutions are generated in the process, including

distillates and raffinates containing ppm of uranium and concentrated

solutions with up to 400 grams U/k. In addition to uranyl nitrate and

HN03, the solutions may also contain zirconium, niobium, fluoride, and

small amounts of many metals. For process control, criticality safety,

and accountability it is necessary to know the uranium concentrations

in the product to about ~ 2%. It is also necessary to know if the

concentration in the waste solutions is beltrti\he discard limits.

In the past, for process control and criticality safety, amlysis of

these solutions was done with a NaI gamma counter which gave results to

about 10%. Analysis of those solutions for accountability purposes

WZ.Sdone by conventional chemical techniques. Preparation of one sample

for chemical analysis took approximately two man-hours, and results were

normally received in one to two weeks.

A uranium solution assay system (USAS) has been installed to allow

accurate and more timely process contrcl$ accountability, and criticality

data ta he ~btained. The USAS assays are made by a variety of techniques

that depend upon state-of the-art high-resolution Ge(Li) gamma-ray
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spectroscopy integrated with an interactive, user-oriented computer

software package. The USAS is shown in Fig. 1. The cost-effective computer

system consists of a 28-k PDP-11/10 minicomputer, a 256-k dual floppy

disk, a hard-copy line printer, and two CRT data display terminals.

Tight control of the system’s performance is maintained by constantly

monitoring the USAS status. Daily measurement control sequences are

required, and the user is forced by the software to perform these sequences.

If a sequence is performed successfully, the device is considered to be

in a calibrated state, and a message is issued that the device is

laccepting all runs’. If a sequence is unsuccessful, that is, the devic~

has faiied to operate within defined limits for the required measurement

control parameters, no assay requests to the device are honored until the

problem that caused the failure has been diagnosed and corrected, and the

control sequence is repeated successfully.

The design of the USAS measurement station was determined by the wide

range of uranium concentrations present in the process and the accuracies

to which these must be determined. The concentration range, 0.001-400

grams U/k, is divided into three material categories. Each category has

a corresponding measurement port in a turntable into which is placed a

plastic bottle containing the sample. The sample is then rotated into

position for assay. Material type 1 is the designation given to the

raffinates and distillates that are the by-products of the extraction and

concentration stages of the recovery process. These by-products normall$;

contain a very small fraction of the total uranium processed, and therefore

highly accurate assays are not required. A 10Z one sigma assay is

obtained for samples with uranium concentrations of 10‘2 g/! by a 2000
235

second count of the U 186-keV gamma ray.

Material type 2 consists primarily of those solutions that result

from the leaching process. This is the principal product stream, and

accurate measurements are required for material balance, criticality, and

plant control purposes. As with material type 1, the assay depends upon

the measurement of the
235

U 186-keV gamma-ray intensity. In addition, a

transmission measurement h required so that corrections for the absorption

of the 186-keV gamma ray in the sample can be made. Routine assays of

400-800 seconds yield precision of 0.5 to 1% for solutions with concentrations

of 1 to 50 grams U/!?.
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those solutions that result from the

process. As with material type 2, these

in the main product line, and an accurate assay is required.

are assayed by an absorption-edge densitometry technique.1

With this technique, the product solutions, l(!C-400grams U/L, are

assayed to 0.5 to 1% in 100(?to 2000 seconds.

A comparison of the USAS precision and accuracy with that obtained

by traditional destructive analytical chemistry techniques (calorimetric

and volumetric) is presently underway, and results of this comparison will

be presented.

In summary, the integration of NDA instrumentation with a materials

accountancy and measurement control program via this minicomputer based

system has produced a materials management system which is timely, cost

effective, and efficient, as well as being an asset to the process control

and criticality safety of the plant.

Reference:

1. T. R. Canada, D. G. Langner, and J. W. Tape, “Nuclear Safeguards
Applications of Energy-Dispersive Absorption Edge Densitometry,”
ACS Symposium Series, No. 79 Kuclear Safeguards Analysis, 1978.

Figure Caption. The USAS measurement station.




