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ABSTRACT:
The Los Alamos National Laboratory tritium processing facility purchased an Antech Series 

P300 Isothermal Tritium calorimeter from the Antech Corporation in 2005. The instrument is used to 
non-destructively measure the quantity of tritium in an item based on the heat output generated by 
the tritium beta decay. Instrument performance data collected over the past two years will be 
presented showing that this instrument can detect as low as 0.001 Watts (0.003 gr. of tritium) within 
rather large measurement canisters of approximately 170 mm. (6.8 in.) diameter by 610 mm. (24 in.) 
long. With a manufacturer-stated measurement power range of 0.005 Watts to 15 Watts, this 
calorimeter has performed beyond the specified purchase requirements. Using a combination of 
sensors for its thermal element, the P300 calorimeter has demonstrated exceptional sensitivity and 
precision. 

Measurement 
Chamber

Purpose:
Calorimetry is used for tritium accountability (tracking amounts of nuclear materials) and for 

waste characterization.  The amount of tritium is directly proportional to the heat output of a tritium 
containing item, about 0.91 mW/TBq.  The objective is to accurately measure the tritium content of 
tritium process beds, such as molecular sieve traps, down to (or below) quantities of regulatory 
interest (e.g., <37 TBq for a for a “Type A” transportation or waste packaging). To meet safety 
requirements, these tritium-containing items are placed within quality-tested secondary containers.

NOTE: 0.91 mW/TBq = ~0.324 W/gr. of tritium
1 gr. of tritium equals ~9619 Ci or ~356 TBq). 

ANTECH Isothermal Model 364
Calorimeter1

Thermal Element consists of three concentric cylinders
Air Bath with Peltier cooler & fans to control the heat 

flow through the cylinders
Thermometry is provided by a hybrid of Thermopile 

sensors and Ni-windings
Negative temperature coefficient thermistors provide 

independent cylinder temperature measurement
Dual computers control the calorimeter, collect raw 

data, and generate results
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ANTECH Run Report:
Three measurements types are reported: Prediction, 
Equilibrium, and Endpoint. Both Prediction and 
Equilibrium use a “fit” to  ANTECH software algorithms. 

Prediction uses the shape of the measurement curve 
to determine the measured value. 

An Equilibrium value is determined when the 
instrument run stability is within pre-set parameters.  

The Endpoint is a user-defined average of 
measurement data at the end of a user-defined run 
time.

EXPERIMENTAL:

Tall tritium sample 
containers

Short tritium 
sample container

Heat transfer packing material:
aluminum pellets or aluminum foil

Grooves in sides to facilitate 
air displacement when 
inserting into and removing 
from calorimeter 
measurement chamber

Secondary containers are used for 
both storage and calorimetry 
measurement of tritium-containing items.
These containers:

are hermetically sealed
can accept either elastomer or all-

metal seals
are pressure rated
have an access port and pressure 

gauge
Note: newer containers are fabricated and 
tested to meet current quality standards, 
including drop testing.

ANTECH electrical 
heat standard

The ANTECH electrical heat 
standard was designed within one of 
our short tritium sample containers to 
eliminate differences between tritium 
samples and the standard due to 
geometry and heat transfer.   

The electrical standard can be set to any Wattage 
setpoint within the operating range of the calorimeter 
with an increment of 0.1 mW.  With the instrument in 
“Auto Mode”, multiple runs with different setpoints 
may be obtained without operator attendance. Using 
selected setpoints, numerous runs with the electrical 
standard were used to obtain statistical information. 
These statistics were used to evaluate the quality of the 
different measurement types; the instrument precision, 
detection limit, and accuracy; and the calibration 
stability. Base Powers are run frequently to monitor 
instrument and environmental stability. 

ANTECH “Auto” Table Screen

The calorimetry results obtained for a variety of tritium-containing items were also 
compared with results obtained from other calorimeters and other techniques.

Precision vs Measurement Types
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RESULTS AND DISCUSSION:

Electrical heat standards were run at selected setpoints ranging from 0.001 Watt up to 8 
Watts. These runs were repeated at least five times at higher Wattages and more than twenty 
times at lower Wattages.  The average relative standard deviations obtained are presented over 
two ranges for each measurement type.

Predicted measurements had the advantage of shorter run times, but required a 
noticeable change in Wattage (>~0.05 Watts) to be consistently observed by the instrument 
software. Predicted measurements were, therefore, often not obtained at the lowest Wattages.  
Furthermore, below 1 Watt, the predicted measurements were significantly less precise than 
measurements obtained by Equilibrium or Endpoint.

Runs were set to a fixed run time to obtain an Endpoint measurement. Typically, 
Equilibrium measurements, as determined by the instrument software from measured signal 
drift2, were obtained if this run time was set to a long enough duration.  The software is also 
able to predict the equilibrium values. The precision of the Equilibrium measurements was as 
good or better than the Predicted and Endpoint measurements down to ~10mW. An average of 
the Equilibrium and Endpoint measurements at 10 mW and above provided the most precise 
measurement results.

Below 10 mW, the most precise results were Endpoint measurements obtained using 10 
hour run times with an 80 minute endpoint average. A detection limit of 1 mW ± 0.4 mW (with 1 
standard deviation) was obtained.  The detection limit and stability at low Wattages is 
significantly influenced by room temperature fluctuations and fluctuation in the instrument 
line power.

With room temperature stable to within ± 0.5 °C, 
Endpoint results were obtained from 0.5 mW to 10 
mW electrical heat standard setpoints. The average 
observed results are shown for at least four 
measurements at each Wattage with 1 standard 
deviation error bars.

Observed vs Actual Endpoint
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