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ABSTRACT

An analysis of the early portion of the
power-histary data collected with both of the
IAEA's air-cooled bulk calorimeters has demon-
strated that such calorimeters can measure ths
power fram preheated containers of plutonium oxide
with an accuracy of 2-5% in 1S to 30 minutes.
Material accountancy at plutonium facilities has a
need for such a capability for measurement of Pu
scrap. Also, the [AEA could use just two calori-
meters and a gamma-ray assay system for reliable
variables and attributes measurements of plutonium
mass during & two-day physical-inventory verifica-
tion (PIV) at a mixed-oxide(MOX) fuel-fabrication
facility. The assay results would be free of the
concerns about sample moisture, impurities, and
z2ometry that praviously have limited the accuracy
of assays based on neutron measurements.

™

INTRODUCTICN

Calorimetry yields a highly accurate measure
cf the power fram a container of plutonium-pearing
material independent of the container's maisture,
impurities, and geometry. as well as other
uncontrolled parameters, in contrast to the
accuracy problams encountered with neutron
cetaction of the same container. However, high
accuracy takes time, i1.e., the time for the
container's temperature praofile to equiltibrate,
Tne time for a measurement of the cantainer's
pcwer ta an accuracy of 0.2% using a bulk calori-
meter is typically 2-6 hours. What has been
sverlooked, or at least not stressed, is that one
can measure the power fram a well~preheated
container in 15 to 30 minutes with an accuracy of
2 ta 5% (see data below) and still be independent
of moisture, impurities, etc. Such a fast
calarimetric method has two applicatiaens., First,
it would be appropriate for process contral and
matarial control and accountability (MCLA) at
plutenium facilities where large amounts af
impurity-laden plutohium scrap are generated.

This scrap is difficult to measure accurately
using neutron detection. Secondly, a coarse but
reliaple "attributes” measurement would be useful
to the [AEA during a physical-inventory verifica-
tion (PI/) at a plutonium-reprocessing and/or MOX-
fuel faorication facility. Far a moderately sized

I

facility, the calculated number of attributes
measurements (15-30) and highly accurate “vari-
ables" measurements (3-4) of containers of Pula
could be carried out using two calorimeters to do
all heat measurements in just two days[i].

PREHEATING OF SAMPLES

The prerequisite for measuring power with an
accuracy of 2-5% in 15 to 30 minutes using the
Agency's air-cooled 20~ and 40-Watt bulk calari-
meters(2] is a long preheating period of 3 hours
or more. For the application to MCLA and pracess
control, several containers could be preheated
overnight in several inexpensive preheaters, and
then measured the next day. For the [REA, the
preheating could be done during the morning of the
two days of PIV measurements. Meanwhile, the
calorimeters could be used for the highly accurate
variables measurements. The preheaters could be
kept in the vault to avoid viaglating operator
limitations on plutonium mass in a single roam.

MEASUREMENT TIMES

The raw data in a heat measurement aof a
plutonium-bearing container is the power histary
of the container in the calorimeter, i.e., the
electrical power supplied by the calcrimeter to
its caoncentric chambers to keep these chamber
temperatures constant. Typically, the calorimetar
paower is sampled 44 times per minute and an
average valye printed out and/or stored in the
computer memory. After a Pu container 1s placed
in the calorimeter, the paower drops sharply with
time as the container's awn heat replaces the
calorimeter's power., A computer algorithm (&
dauble exponential function with a constant term)
is used to fit these power histories, P-(t);

Pe(t) = Axe®™* + CxePr + E, (1)

The more sharply dropping the power, the less
important are the expanential terms at 15 minutes,
and the more accurate is the end-point pawer
prediction (E), the constant term., Fraom £, tha
power of the container's cantents (P,;) can be
determined;

Ps(t) = Pa - E, @

*This work performed under the auspices of the U.S. Department of Energy, Contract

# DE-AC02-76CHOCO16.
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where Py is the baseline power of an empty .
caloriceter. )

Several variables affect how sharply the
power draps, such as preheat time, heat resistance
of the container ‘s contents, transfer time to the
calorimeter, etc. For those containers whose
power falls off sharply, the time per measurement
would be about 15 minutes; for other containers
which have not been preheated long enough, 30
minutes may be required before the power predic-
tion is within 3% of the correct value, To avoid
premature prediction, the computer algorithm could
be written to predict the end-point power after
edch measurement point and to test the time
constants of the fitting function against expected
values before accepting the predicted value.

Thus, the time per measurement for this calori-
metric attributes-mode measurement could be a
variable to adjust for the differences in the
container's preheat history or temperature
profile. However, the simplest solution is always
to preheat the container long enough to guarantes
a sharply dropping power history.

PLUTONIUM MASS

The plutonium mass in the container measurad
by the calorimeter is the ratio of the pawer in
Watts Ps to the effective specific power Pemmr 1n
Watts/kg. Pger for most plutonium-bearing
material measured in a calorimeter is known with
gaod accuracy from chemical assay of samples drawn
from the contents of the container, or from
earlier samples taken from the batch of material
that was processed to form the container'‘s
contents. [n these cases, the uncartainty in the
Pu mass is essentially that of the power measure-
ment.

On the other hand, IAEA inspectors want their
measurements to be independent of the operataor.
To do sa, the effective specific power should he
calculated from the isotopic fractions aobtained
from an analysis of a gamma-ray spectrum. For
medium— to high-burnup samples, and for short (15
min) measurement times, the overall error in Peee
is normally 2-3%. Therafore, the total sample
power error is the combined error in Py and Pess,
both of comparable si:ze.

RESULTS

The early power histories of several pluto-
nium samples measured in the 20-Watt calorimeter
and several heat standards measured in the 40-Watt
calorimeter have been fit by means of ragression
analysis using the double-expanential plus a
constant term{3]. The sample power P, far each
measurement has been compared to either the
equilibrium or predicted power normally produced
by the calorimeter after a few hours. Tables la,b
show the results from five Pul. samples measured
with the 20-Watt calorimeter and six heat stan-
dards measured with the 40-Watt calorimeter. The

%Diff column(s) lists the percent difference

tetween the equilibrium (or predicted) sample-
power value measured normally by the calorimeter
and either the 15-minute or 30-minute prediction.

20-Watt Calorimeter

For the 20-Watt calorimeter, containers of
plutonium oxide were measured. The percent
difference (%Diff} in power for these containers
(Table la) ranged from L% to 9%. It should be
noted that the higher %Diff values for this
calorimeter caorrespond to Pu cantainers which have
undergone shorter preheating periods. There are a
limited number of data sets because the power
histories were not recorded for most of the
calorimeter runs. Of those runs for which records
were made, most included preheating for less than
one hour,

40-UWatt Calorimeter

For the 40-Watt calorimeter, heat standards
of several sizes were measured. The seven power-
history runs of 1.7 to 40 Watts are shown in
Figures la,b. When all the data points for each
run were used for the algorithm, the Pg results
were essentially the same as the Pg values
obtained using the calorimeter's own algorithm,
i.e., a one-exponential fit to the tail end of the
data. Then more and more of the tails of these
data were eliminated and the double-exponential
fit repeated. This continued until either too few
data points were left or the results deviated too
far from the known answer., The %Difference was
calculated and some of the results shown in Figure
2. Also shown are the two exponentials contri-
buting to the fit.

Notice that one exponential has a much
shorter time constant and a larger amplitude than
the other. It seems likely that the short time
constant (=2min) is associated with the calori-
meter electronic-control circuits, while the
exponential with the longer time constant is
associated with the heat flow from the container.
Ideally, if the container is preheated to exactly
the same temperature as the calorimeter and if the
transfer to the calorimeter is fast, the amplituce
of the longer-time-constant exponential should
approach zero.

When only a few data points are analyzed, a
single poor paint could cause a large error in the
end-point prediction. The first few data points
correspond to a quickly dropping calorimeter power
and the average value printed out has a large
uncertainty. Unfortunately, the algorithm
availablel3) did not have the capability to weight
the data points with their errors, which would
have reduced their impact on the fit. Instead,
the first one or two points were dropped, allowing
the end~point power prediction for a couple of tha
runs to greatly improve. In the future, data
errors will be included in the algorithm,



Only the approximately 1S-minute and 30-
minute .analyses are shown in Table lb for & of the
B heat standards measured. Of the other two
standards, one (Cal-5) did not have its data
recorded and one (Cal-1)}, the lowest-power heat
standard, exhibited unusually noisy data. The
#Diff values shown in the Table range from 3-4%
for 30 minutes and 2-8% for 30 minutes. As seen
in Figure 2, the predicted values do not follaw
any pattern; sometimes the end-point prediction
improves as more points are dropped, sometimes
not.

BlAS

There is a clear bias in the %Diff values
listed in Tables la,b. The major source of this
bias is the slight mismatch between the power-
history curve that the early data follow and the
double-exponential function chosen to fit these
data. As mare such data become available, a
caiibration curve could be generated to eliminate
mast of the 3-4%4 bias, leaving anly a 2-3% random-
errar component.

Table la.

Predicted Sample Power

CONCLUSIONS

Until now calorimetry has been relegated ta
the NDA-measurement domain of high accuracy and
lang measurement time. In contrast, neutron- and
gamma-NDA measurements have accuracies and
measurement times that reflect the properties of
the material being measured and the accuracy
needed. This paper focuses on the extended use of
calorimetry for shorter measurement times and
reduced accuracy, i.e., attributes measurements.
All that is required is the ability to preheat the
samples for 3 hours or more.

The 14 data runs on well-preheated plutonium
samples and heat standards analyzed with the
doub le-exponential algorithm indicate that sample
powers could be measured with an accuracy of <%
in about 15 minutes., Field~-test measurements of
plutonjum scrap are soon to be performed in arder
to confirm this conclusion and to add ta the store
of data for this calorimetry applicatiaon.
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c0-Watt Calorimeter - Plutonium Oxide Samples

Sample Freheat Prediction Algorithm “eiff
L] time 30 ain Equilibrium
1 unknown 3.31 watts 3.44 watts 4%
2 unkngown 2.02 watts 2,04 watts 1%
3 3 hrg #* 4,24 watts 4.38 watts 3%
4 2 hrg =% 4.06 watts 4.36 watts 7%
5 1.7 hrs #» 5.97 watts 4.35 wattis %

*+ We would like to thank Gordon Wells(Harwell) far supplying these

calorimetry data.
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40-Watt Calorimeter - Heat Standards
Standard Preheat Prediction Algorithm 4D0iff #DifFf
* time 1S min 30 min Equilibrium (15 (30)
1 >3 hrs 1.644 1.4861 1.712 G.1% 2.9%
2 >3 hrs S.152 S.140 5.373 G4.1% &4.3%
3 »3 hrs 7.800 7.909 B8.207 3.0% 4,Q%
[ >3 hrs 85.597 £5.447 26,329 2.8% 3.3%
5 »3 hrs 31.033 32.981 35.08% 7.9% 3.9%
) >3 hrs 41,757 39.307 39.918 1.3% 1.3%
avez 3.9% 3.2%
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government, Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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HIGH-POWNER ARGONNE CALORIMETER POWER HISTORIES FOR 7 HEAT STANDARDS
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Figure 1b. EXPANDED SCALE FOR THE 7 POWER HISTORIES
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Figure 2. POWER HISTORIES FOR THREE HEAT STANDARDS. THE INDIVIDUAL EXPONENTIAL TERMS
ARE SHOWN. THE VERTICAL LINES ARE THE %DIFF VALUES USING THE INDICATED POINTS.



