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ABSTRACT

Argonne National Laboratory has
developed a new series of 10 watt
Bulk Flutonium Assay Calorimeters
(BPAC10). The calorimeter measures
bulk samples of plutonium bearing
material in containers up to 5" in
diameter and 7" high. The average
measurement time is 19.7 minutes
compared to 2-9 hours for the same
sample measured in a water bath
calorimeter. Measurement precision
in the range of 1 - 10 watts is 1%
to 0.1% and it is 0.010 watt for
sample power less than 1 watt.

BPAC10 series calorimeters are
in use in two plutoniuai facilities
at the EG&G Rocky Flats Plant and at
the Los Alamos National Laboratory
TA55 Plutonium Facility. The paper
presents a description of the
calorimeter, discusses operating
experience at Los Alamos, and
presents a comparison of data on
typical samples measured with both
types of calorimeters.

implementation of BPAC10
extends the use of calorimetry to
more samples, including samples
formerly measured by neutron or
gamma counting to reduce the backlog
of samples waiting for calorimetry.
Since neutron and gamma-ray methods
are subject to matrix effects and
interferences from other isotopes
that can produce large biases;
additional use of calorimetry
reduces the uncertainty in the
material jalance. Faster
calorimetric assay measurements
reduces the cost per measurement and
also reduces the time and cost of
performing physical inventories.

INTRODUCTION

and accurate NDA
assay) method

(nondestructive
for plutonium

Calorimetric assay combined
with gamma-ray isotopic assay has
been developed into a highly precise
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Figure 1.

safeguards measurements. The major
disadvantage of calorimetric assay
has been the long measurement time.
Typical measurement times for a twin
bridge water bath calorimeter using
prediction of equilibrium is shown
in Figure I.1 The long measurement
time is primarily due to the long
time constant associated with the
sample and sample packaging.

Real progress has been made in
reducing measurement time for
gamma-ray isotopic measurements
without loss of precision and
accuracy. Reduction of calorimetric
assay measurement time has been
recognized as a critical 'User Need'
in a number of DOE plutonium
handling facilities. Satisfying
this need broadens the application
of calorimetry to samples that are
currently measured by less accurate,
faster methods. Increasing the
number of samples measured by
calorimetry by procuring multiple
units is a costly approach and does
not reduce the unit fe
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measurement. A cost effective
approach to satisfying this
'User Need' is development of an
instrument with higher throughput-

SYSTEM DESCRIPTION

The 10 watt Bulk Plutonium
Assay Calorimeter (BPAC10) developed
by Argonne National Laboratory is an
isothermal air chamber calorimeter
that uses prediction of equilibrium
and very precise preheating to
reduce the average measurement time
to less than 20 minutes. The
BPAC10C system, shown in Figure 2,
was designed to reduce calorimetry

Figure 2. BPAC10 Calorimeter System

measurement time and increase
throughput for bulk samples of
Plutonium with sample power up to 10
watts. The instrument package
consists of the calorimeter
measurement chamber, instrument
rack, 5 sample preheating chambers,
and 5 sample canisters for
transferring the samples from the
preheater to the measurement
chamber. The sample canister
accepts samples in cans up to 5" in
diameter and 7" high. A detailed
description of the instruments
hardware and software is given in
Reference 2.

I Samples are pre-equilibrated
simultaneously in multiple low cost
,prsheaters and measured in a

calorimeter chamber that has a very
short time constant. BPAC10 is an
isothermal calorimeter and the
measurement chamber temperature is
precisely known. All of the samples
are precisely preheated to the
calorimeter operating temperature
and remain in the preheater until
they are at equilibrium. The long
sample time constant has essentially
been eliminated by pre-equilibration
in the preheater. Therefore,
measurement time is only dependent
on the recovery time of the
calorimeter and the time required to
collect sufficient data to make an
accurate prediction of the final
power. Average measurement time is
less than 20 minutes for samples
preheated overnight.

CALIBRATION

BPAC10C was installed in the
TA55 Plutonium Facility at Los
Alamos National Laboratory in
August, 1990. The calorimeter was
calibrated at LANL with certified
heat standards at 17 points over the
range of 0.0273 - 10.431 watts. All
standards were preheated overnight
before measurement. A total of 46
data points, including replicate
measurements, were used to determine
a linear calibration function and
calculate the associated random and
systematic error using the method
given by Jaech.3

The calibration function is
given by the following equation:

(0.99858±0.00041) waccs

where: Y = (PB) - (PA) watts

The baseline (PB) measurement is
made with an empty preheated
canister and the assay (PA)
measurement is made with the
preheated sample.

The random error calculated
from the calibration data is:

s{r) = O.oioo watts.
i

The systematic error s(sys) is a
function of the measured power and



is givei for selected values in
Table i. S(sys) is negligible
compared to s(r) for low power
samples and s(sys) does not increase
the overall error significantly at
10 watts. The relative error is 1%
at 1 watt and 0.1% at 10 watts. An
error of 0.01 watt represents
approximately 3 grams of WR Pu.

Table I.

Measurement Error

Sample s(sys) s(total) %
Power

0.1 0.0020 0.0102 10.2

1.0 0.0017 0.0101 1.0

5.0 0.0019 0.0102 0.2

7.0 0.0026 0.0103 0.15

10.00 0.0380 0.0107 0.1
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Figure 3
BPAC10C measurement time is

shown in Figure 3 for heat standards
and typical samples. Measurement
time varied from 11 minutes to 45

minutes with an average of 19.7
minutes. 100 out of 150 samples
were measured in less than 20
minutes. The variation in
measurement time is primarily due to
variation in sample transfer time
and is reduced as the operators gain
experience with the calorimeter,
care must also be exercised during
sample transfer to avoid shaking the
contents of the container and
thereby upsetting the temperature
gradient. The prediction of
equilibrium program is generally
robust enough to handle these
problems without loss of accuracy,
but the measurement time will be
extended. Statistical variations in
the prediction of equilibrium
program and sample preheat
temperature variations also
contribute to variations in
measurement time.

Water bath calorimeter
measurements on some of the same
samples took from 4 to 8 hours as
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Figure 4.
shown in Figure 4.

SAMPLE POWER MEASUREMENTS

The accuracy of BPAC10C power
measurements on typical samples was
evaluated by comparing power
measurement results from 73 samples
measured in water-bath calorimeters
as shown in Figure 5. The average
difference for the measurements is
0.0011 watt which is not
statistically significant at the 95%
confidence level.
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Figure 5.
Measurement precision was

verified by replication of
measurements of 13 samples covering
the measurement range of the
calorimeter. The pooled standard
deviation is 0.0102 watt for the 13
samples. This agrees exactly with
the estimate of the random error
given by the analysis of the heat
standard data.

ADVANTAGES

The principal advantage of
BPAC10 is the short measurement
time, but BPAC10C has several other
attributes that makes the
calorimeter very versatile for use
at TA55 and other locations at LANL.

1. The calorimeter is easily
transportable:

a. No special installation is
required.

b. There are no special
utilities required.

c. The complete system
including preheaters will
operate on a single 20 amp
circuit.

d. Floor space requirements
are less than 15 square
feet.

e. Easy to setup. There are
only 2 cables to connect or
disconnect other than
electrical cords.

g. No wr.ter jacket or tank to
drain and refill.

f. Warmup time is less
than 24 hours so

that measurements
can be made the day
after relocation.

Having an instrument that is at
least movable if not portable is an
advantage in the present regulatory
climate where it is easier to move
instruments than nuclear material.

2. Potential for in-line use.

a. Small size is a plus for
use in glove box areas that
are typically cramped for
space.

b. Lack of water jacket or
tank alleviates critically
concerns.

3. The PC based system running
under multi-tasking software
allows the user to make use of
the computer with popular
software such as a word
processor or spreadsheet
without shutting down the
calorimeter as long as a
measurement is not in progress.

DISADVANTAGES

BPAC10 type calorimeters are
inherently less precise for low
power samples than a twin bridge
type instrument because it is a
power difference measurement. At
low power the difference is small,
compared to the power being
measured, because the iiase line in a
BPACio calorimeter is the maximum
power whereas the base line in a
twin bridge instrument is a null.
However, the operating principle of
BPACIO is necessary for
implementation of fast measurements.
Mound Laboratory has proven that the
fast measurement mode of operation
used by BPACIO will not work with a
twin bridge instrument.4

Therefore, an effective deployment
of calorimeters, when both types are
available, would be to run low power
samples in the twin bridge
instruments when higher precision is
needed. For high power samples the
difference in precision is not
significant.

Frequently the controlling
error in the plutonium determination



is the error in the ESP (effective
specific power). This is usually
the case when gamma-ray isotopic
data is used to calculate the ESP.
Therefore, a larger error in the
power determination will not always
cause a significant increase in the
error in the plutonium
determination, because these errors
are summed quadratically.

CONCLUSION

BPAC10 was developed as a
complementary new calorimetry tool,
not as a replacement for the twin
bridge calorimeter. When this
instrument was proposed, the
precision was only expected to be
2-5%.5 calorimetry users at several
facilities had applications for
faster calorimetry measurements and
supported the fast calorimetry
program with the understanding that
there would be a tradeoff of
precision for reduced measurement
time. A faster, less precise,
calorimetry measurement that
retained the advantages of
calorimetry over alternative methods
was very attractive for large
throughput facilities. Their goal
was to reduce inventory differences
and reduce down time required for
performing periodic inventories.
The actual performance of BPAC10 far
exceeded expectations. The
calorimeter now appears to offer an
alternative to the twin bridge
instrument for some applications.

After extensive evaluation,
BPAC10C was placed into routine
s e r v i c e for safe g u a r d s
accountability measurements at TA55.
The calorimeter meets or exceeds all
of the design criteria and has
proven to be accurate and reliable.
The calorimeter is easy to operate
and the software is user friendly.
Throughput is only limited by the
number of preheaters. Up to eight
preheaters have been supplied with a
single calorimeter and a t least 1 2 ^ report was prepared ̂ M 3ccoM of woek red an of (he Um>d Sm
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