
IAEA-CN-96-10P

XA0203808

ON TE PROGRESS OF A WATER CALORIMETER PROJECT FOR THE
VERIFICATION OF RADIOTHERAPY DOSIMETRY

J. MEDIN
Department of Radiation Physics, Lund University, Malm6 University Hospital
Malm6, Sweden

P. ANDREO
Medical Radiation Physics, Stockholm University - Karolinska Institute
Stockholm, Sweden

C.K. ROSS, N.K. KLASSEN
Ionizing Radiation Standards, National Research Council
Ottawa, Canada

J.E. GRINDBORG
Swedish Radiation Protection Authority
Stockholm, Sweden

A sealed water calorimeter has been constructed at the department of radiation physics in Malm6,
Sweden with support from the Swedish Radiation Protection Authority. The calorimeter follows the
design of the NRC sealed water calorimeter 12]. The temperature increase during irradiation is
measured with two thermistor probes in the centre of a sealed cylindrical glass vessel (figure 1). The
sealed glass vessel contains high purity water and is positioned in a large water phantom to measure
the absorbed dose to water.

In the present design, the water phantom is thermally isolated from the environment and operated at
4'C to reduce the problem associated with convective heat transfer 3 The thermal isolation is
achieved by enclosing the water phantom in a wooden box (92x92x85 cm 3) lined with 6 cm of
Styrofoam. The temperature in the wooden box is kept at 4'C by circulating air, cooled when passing
a heat exchanger coupled to a thermostated bath (see figure 2.

Since a detailed knowledge of the absolute temperature is not required for calorimetry, the main
requirement is that the two thermistor robes accurately measure temperature changes. The thermistor
probes are calibrated against platinum resistance probes, traceable to the Swedish national
temperature standard.

When preparing for measurements, the glass vessel is first filled with high purity water and then
bubbled,%&rith N2 gas for one to two hours. After the gas bubbling, the position of the thermistor probes
is adjusted and the glass vessel is suspended in the water phantom. The probes are connected to a
four-arin AC bridge, where two of the other anrns consist of high precision resistors I0kQ each), and
the third am includes a decade resistor box for balancing the bn'dge. The output voltage is measured
with a commercial lock-in amplifier. Platinum resistor probes, used to monitor the temperature in the
water phantom and in the air volume inside the wooden box, are connected to a Keithley 2001
multimeter equipped with a scanner ard. The multimeter, lock-in amplifier, and bridge balancing
resistor decade are all connected to a portable PC using a GRIB interface card. This allows each of the
devices to be controlled and read out remotely using software developed at NRC. The software allows
the bridge to be balanced, the characteristics of the lock-in amplifier to be changed, and controls the
acquisition of data according to a pre-selected scheme. It is also used for calculation of the absorbed
dose from the measured voltage drop after an irradiation.
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The seated water calorimeter is intended to be used in clinical photon, electron, and proton beams to
determine experimentally k,, factors for a variety of ionisation chambers. These factors are
fundamental when iplementing the new international Code of Practice for radiotherapy dosimetry
[4]. The measured values will be compared with the teoretical factors in TRS-398.

.... ... .. ....

Figure 1. Glass vessel with the thermistor probes aligned in the centre.

thermistor
woader cable (to AC bridge)
enclosue pla-Hnum

resistor
air heat exchanger

(air)
beam Styrofoam

Lucite

glass neat exchanger
vessel (wcter�'

stirrer

Figure 2 Schematic side view of the sealed water calorimeter. Note that fluid is only allowed to flow
through the heat exchanger in the water when a significant change in operating temperature is
required.

REFERENCES

[1] SELYNTJENS J.P., ROSS C.K., KLASSEN N.V., SHOUT K.R. A status report on the NRC
Sealed Water Calorimeter, NRC Report PIRS-0584, National Research Council, Ottawa, Canada
(l 999).

[2] MEDIN J., SEUNTJENS J.P., KLASSEN N.V., ROSS C.K., STUCKI G, The OFNIET sealed
water calorimeter, Proceedings of NPL Workshop on Recent Advances in Calorimetric Absorbed
Does Standards, NPL Report CIRM 42 1999) 65-73.

[3] SEUNTJENS J.P., KAWR-AKOW I., ROSS C.K., Revisiting convective motion in stagnant water
calorimeters operated at room temperature, Proceedings of NPL Workshop on Recent Advances
in Calorimetric Absorbed Does Standards, NPL Report CIRM 42 1999) 103-119.

[4] LAEA, Absorbed Dose Determination in External Beam Radiotherapy: An International Code of
Practice for dosimetry based on standards of absorbed dose to water, Technical Report Series 398,
Vienna: lA-EA 2000).

26


