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SYNOPSIS

Methods for estimating pulsed-column holdup are being investigated as

part of the Safeguards Assessment task of the Consolidated Fuel Reprocessing

Program (CFRP) at the Oak Ridge National Laboratory (ORNL) which is operated

by the U.S. Department of Energy. The CFRP was a major sponsor of test

runs at the Barnwell Nuclear Fuel Plant (BNFP) in 1980 and 1981. During

these tests, considerable measurement data were collected for pulsed

columns in the plutonium purification portion of the plant. These data

have been used to evaluate and compare several available methods of holdup

estimation.

The estimator method discussed in the International Atomic Energy

Agency literature (STR-116 and STR-151) was applied to the data. This

method is a result of Los Alamos National Laboratory-sponsored work by L.

E. Burkhart and continued by A. L. Beyerlein et al. The method proposes

that column holdup calculations can be reduced to a simple linear function

involving concentrations of feed and effluent streams. The constants in

the linear equation are derived based on the specifics of the column design

and typical operating conditions.

*Research sponsored by the Office of Facilities, Fuel Cycle, and Test
Programs, U.S. Department of Energy, under Contract No. DE-ACOS-840R21400
with Martin Marietta Energy Systems, Inc.
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A second method tried was developed by A. F. Cermak at the Barnwell

Nuclear Fuel Plant. His work suggested that holdup estimating techniques

must consider actual mass flow rates. He proposed simplified estimator

equations similar to those of the Burkhart method, but he added flow rate

measurements to the factors considered. His proposed equations also

required constants that were specific to column design and operating

conditions.

A process-monitoring application to estimate holdup was also investigated.

This method used process measurements of flows and concentration during the

test operations to calculate the mass flows of feed and effluent streams to

each of the columns in the Barnwell plutonium purification system. These

mass flows were integrated over time to estimate holdup.

A very interesting study compares these three estimates during the

startup of a column. The true measure of performance for an estimator is

in its ability to track transients. Figure 1 shows the three estimates

during startup of one of the Barnwell columns.

A final estimator method investigated uses the column weight recorder

measurement. This measurement is simply a differential pressure measurement

over the entire length of the column. This measurement can be related to

column holdup, but still requires consideration of certain process specifics.

As part of the BNFP tests, column holdups were also measured directly

by abruptly halting operations and draining the contents into measurable

containers. The contents were then measured and compared to estimates by

the various techniques.

This paper presents an evaluation of the various techniques using

actual plant data. It explores the strengths and weaknesses of each

method. As a final point, it proposes a mix of estimator methods that take



advantage of the various techniques. It proposes a role of the process-

monitoring effort in relation to inventory estimator techniques to enhance

the safeguards system performance.
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