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Abstract 

The Advanced Recovery and In zgrated Extraction System is an automated weapons component 
recovery system that includes four state-of-the-art nondestructive assay (NDA) instruments to 
analyze all outputs and the final product. The instruments are integrated with robotics sample 
handling to provide the analytical data and are controlled by a central computer. The NDA 
instruments are a plutonium isotopic composition system, neutron coincidence counter, segmented 
gamma scanner, and a calorimeter. This paper will describe the calorimeter system which uses the 
new Windows environment software package to communicate between the calorimeter and the 
control computer. Storage, retrieval, database, and operations with other software packages, such as 
Excel, are provided to allow the operator to analyze the calorimeter system. The host computer 
assumes control of all functions of the calorimeter system in the remote operations and retrieves the 
data upon completion of the calorimeter sample run allowing the robotics system to change samples 
at the earliest possible time for maximum sample throughput. The calorimeter Windows operating 
system allows viewing of the calorimeter, room, and bath data during the sample run. 

Introduction 

The Advanced Recovery and Integrated Extraction System (ARIES) is an automated system for the 
dismantlement and recovery of nuclear weapons components.' This integrated system is state-of- 
the-art technology which will allow for the automated disassembly of pits, consolidation of 
plutonium, removal of the americium from this plutonium, and provide in line measurement of 
products and wastes by nondestructive assay (NDA) methods. The NDA portion of ARIES is the 
subject of this paper and especially the calorimeter portion. Quality measurements of the output and 
waste streams are the objective of the complete NDA measurement system. The use of robotics 
makes this possible while reducing the manual handling of the materials thus reducing the operator 
exposure and making continuous operation possible. The calorimeter is one of the instruments used 
in the NDA suite of instruments. The calorimeter is unaffected by the material matrix or position 
and provides a measure of the total heat produced by the sample. This measurement is combined 
with the gamma-ray isotopics measurement of specific power to give an assay for total plutonium. 

Instrumentation 

The ARIES NDA instrumentation (see Fig. 1) consists of four types of NDA instruments. 
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Fig. 1. ARIES NDA intruments mounted to robot gantry frame. 

1. A plutonium gamma-ray isotopic system is used to measure the plutonium isotopic 
distribution and theZ4'Am fraction. This data, when combined with the results of neutron 
counting or calorimetry, will give assay results in grams of plutonium. 

2. A segmented gamma scanner $ill be used to measure thle gamma-ray emission from Pu and 
U and determines the mass of ?u or 23sU in low-density waste. 

3. A neutron coincidence counter will be used to measure coincident neutrons from 
spontaneous fission in plutonium or induced fission in enriched uranium in product or waste. 

4. A calorimeter will be used to measure heat from alpha decay of plutonium as a product 
assay. The whole suite of instruments is serviced by an overhead gantry-type robot. All of 
this is coordinated through a host computer system responsible for controlling the movement 
of material into and out of each instrument. The host computer system is also responsible 
for the combination of various instrument assay results to obtain total material mass values. 



Calorimeter Specification 

The complete A R I E S  was originally designed to be a glove-box operation, and as such the 
calorimeter was to be glove-box compatible. This requires glass to metal seals for electrical pass 
throughs and helium leak checking to assure that there are no leaks into or out of the calorimeter 
chamber from either the room or glove box. Since the calorimeter was one of the long lead items, 
this requirement was part of the final design and was the driving factor in some of the physical 
design. The calorimeter was to measure only one sample per day with a wattage range of 0.1 to 
15.0 W. The precision was to be k 2.0% at 0.1 W and k 0.1% above 1 W. The sample size would 
be 5.125 in. in diameter by 6.5 in. tall and would be gripped on the outer top rim by a robotic 
gripper for insertion and removal. The robotic jaws would require an additional 0.5 in. per side to 
allow the gripper to extend down over the top lip. The calorimeter would be run in 
equilibrium/prediction mode by a PC Windows operating system. Communications would be by 
RS-232 serial link with the calorimeter only responding to host requests, never originating a request. 

Calorimeter Selection 

The previous specifications were used to select the type and construction of the calorimeter system. 
The glove-box requirements directed the design to the gradient twin resistance calorimeter design 
because it required only one penetration into the glove box line and was the shortest design allowing 
the calorimeter to fit under the glove box. The question of whether an air bath design or water bath 
design should be used was the next design requirement. The heat exchanger calorimeter design 
places only 1.5 in. of water around the outside of the sample chamber and the heat capacity of water 
made the bath temperature control more stable without adding to the criticality problem. Previous 
tests between air and water bath controlled calorimeters indicated that the low-end measurement 
would be in doubt since the error bars were 3 times that of the water bath system in the tests. The 
Hart bath controller system was selected to control the bath temperature and pump the water 
through the calorimeter heat exchanger giving a bath stability of k 0.002"C under normal plant 
temperature variations. This allowed the use of a gradient air gap thermel design which gave the 
calorimeter a sensitivity of 20,000 pv/w, assuring us of reaching the lower wattage limit with the 
present digital voltmeter systems. This was needed because the calorimeter theme1 (sample 
chamber) would need to be enlarged by 0.5 in. on each side to allow the robot access to the sample. 
Increasing the diameter of the thermel reduces the sensitivity and increases the noise. Not knowing 
what other equipment or noise generators might be located next to the calorimeter, it was better to 
go with more sensitivity than needed in case the noise became a problem. To give access for the 
robot to the top of the sample required the calorimeter lid to contain not only the insulation baffle 
but also the top of a thermal adapter sleeve that would fill the 0.5 in. on each side of the sample. 
The baffle would be removed by the robot along with a portion of the adapter sleeve and then the 
robot would have access to the sample top for the gripper jaws. The 5.125 in. sample diameter now 
had to be increased to 7.0 in. to clear the robot jaws. The calorimeter would be run with 
equilibration mode including prediction to reduce assay time even though it would not be necessary 
to meet present specifications. This mode requires the least amount of electronics and can reliably 
measure any wattage from the 0.1 W to 15.0 W. Less electronics means less chances for equipment 
breakdown. The PC would run Windows 3.1 and use Visual Basic 3.0 for the data acquisition and 
control program with a C++ communications link to increase communication speed to the host. 
There would be host/manual operations capability so that samples could be run in manual mode if 
the host were off line and the data would be available when the host came back on line. The data 
would be stored in a database that could be accessed by programs such as Excel for measurement 
control checks and other data analysis. There would be graphs of the data as collected of the bridge 
potential, bath temperature, and room temperature for operator viewing and also printed on the 
output page if requested. The program WINCAL developed by EG&G Mound Applied Technology 
would be the base for the calorimeter operating program. 





TABLE I. ARIES sample runs of STDISO sample set series 3,6,9,12,15 combined in one 
container. 

Calorimeter Operation 
The operation of the calorimeter will be done remotely by the host computer system. There will be 
no required operator actions to start and retrieve the sample data. The standards to be run on a 
periodic bases will be in the sample can configuration and handled by the robot. The baseline runs 
will be run with an empty calorimeter. The only required operator interactions are the installation 
set up parameters and entering the standard values into a table used by the calorimeter system to 
decay correct the standard value to the date of measurement. This decayed standard value is also 
sent to the host computer after a standard run for measurement control checks on the calorimeter 
system. All other manual operations are for operator convenience and to allow the viewing of the 
graphic data. There is a database that can be accessed with an Excel spread sheet for data 
comparisons. This database can contain, at the operators choosing, either the 1-s data or the 2-min 
data used in the prediction routine for a sample run. In the manual mode, the operator can select the 
calorimeter run to go to equilibration after the predicted value has been reached which can be used 
to compare the predicted value to the final equilibrated value to see the error associated with the 
predicted value. In the test run at installation, the predicted values are well within the error of the 
required specifications and very near the final predicted value k 0.1 %. A series of tests were run 
with an arc welder running near the calorimeter to see if the arc noise could be seen on the 
calorimeter bridge potential signal. No detectable noise was observed during these tests even with 
cabling of nearly 30 ft. 

Summary 

The ARIES NDA calorimeter instrument meets all the required specifications while exhibiting a 
high sensitivity of 20,000 pv/w and a low-level noise level that does not interfere with the bridge 
potential signal. The series of data runs made with samples and internal electrical heater shows that 
the calorimeter was unaffected by the shipping and installation process. The sensitivity values were 
with in 10 pv of that measured at EG&G Mound Applied Technology after manufacturing of the 
calorimeter. 
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