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Abstract - At present, the primary standard at NPL for the ) |
measurement of absorbed dose in high energy electron and
photon beams is a graphite calorimeter. However, the SePeaeld ‘

quantity of interest in radiation dosimetry is absorbed dose _L
to water. Therefore, NPL is developing a new absorbed dose f@

to water standard based on water calorimetry. Access panel [l

s
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I. INTRODUCTION o
Radiotherapy treatment requires the ability 6"

Beam entrance window —>f

accurately predi¢t the absorbed dose given 19, oo
irradiated tissue. Water is radiologically, similar to | _J_

Single distilled water
tissue, and so is used as the reference materialrfor ehoniom
determining absorbed dose. At present, NPjeerin

determines absorbed dose to water in high energy . e nsuaion
photon and electron beams not by using a water

= <l

calorimeter, but by using a graphite calorimeter m m
and then converting from absorbed dose to graphite
to absorbed dose to water. In order to avoid this Figure 1 Schematic of calorimeter

conversion, NPL is now developing a water . 4 p ¢ hant h .
calorimeter. This paper describes the design fﬂnne erspex water phantom, -as shown in

construction of the calorimeter, along with the so gure 1.‘ T_he inner phantom is f|IIe_d W'th standing
experimental results. single distilled water. A 4 mm thick window of

diameter 15 cm is machined into its front to allow
II. CALORIMETER DESIGN entry of the radiation beam. The irmer phantom is
One of the main requirements when building syirrounded by an outer phantom which allow_s adcm
calorimeter is to isolate the temperature sensigl!l Of temperature controlled water to circulate
volume from any external influence. A number @&ound the inner phantom.
different methods have been used previously to
I1l. CALORIMETER VESSEL

satisfy this requirement. For example, Palmetral i . L
b/ d P The design of the calorimeter vessel is different from

and Seuntjenset aP successfully isolate their : . e
calorimeters by surrounding their phantom witfost other water calorimeters in use today: instead of

temperature controlled air, while ShetzaF isolated the radlatlon be_am entering the vessel_through a
his calorimeter by surrounding his phantom wi rved side wall, it enters through a precision ground

temperature controlled water. In the latest versionI glass wall, as shown in F_|gures 2. anq 3. The
the NPL calorimeter, temperature controlled watdpvantages of using a vessel orientated in this manner
encloses all six sides of a cube. Using water as e
controlling medium has the advantage of reducing the
overall size of the calorimeter.

the cylinder walls of the vessel, which can be
difficult to make thin and uniform, can be
positioned well away from the measurement

The main component in the calorimeter is the double point where their influence on it is minimised.



factors for this ‘excess heat’ were calculated for each
of the vessels to take into account the flow of heat
from the vessel walls to the measurement point. All of
the correction factors are less than 0.1%.

IV. TEMPERATUREMEASUREMENTSYSTEM
An important part of the calorimeter is its temperature
measurement system. It needs to be sensitive and
have a high signal to noise ratio, while the sensing
element itself must be small enough so that it does not
(1) perturb the radiation field at the measurement
point - using a probe that is too big would result in a
measurement of ‘absorbed dose to temperature
probe’, not absorbed dose to water, and (2) produce
excess heat. Power dissipation must also be
Figure 2 Photograph of calorimeter vessel minimized to prevent incorrect temperature readings
or convection occurring. For the sensors described

below, the excess heat correction factor is 0.1 %.
Thermistor fine adjustment —»| [H]
Thermistor probe ﬂ p Gaslwater filing comector  The temperature sensors used in the calorimeter are
Screwthread connector glass bead thermistors, which have a resistance of
o 10 kQ2 at 4 °C. Each thermistor is fixed to the end of
a pulled glass tube using solder glass, as shown in
1> -15mm Figure 4. The thermistors, therefore, are exposed
Front window 0.8 mm thick rearwindow 1mm thick  directly to the water, and only glass and solder glass
T — / comes into contact with the water.
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10 cm Overall length = 18 cm

Figure 3 Schematic diagram of calorimeter vessel

thermistor leads connected
to enamelled wire

. the front and rear walls of the vessel can be
easily and uniformly ground down to a
thickness of only 0.8 mm.

For high energy X-ray beams, two vessels have been

built, one for use at a measurement depth of 5 cmAer the linear accelerator environment in which the

X-ray energies of 4 to 10 MV, the other for use atcalorimeter was to be used is know to be electrically

measurement depth of 7 cm, for X-ray energies/6fiSy, considerable effort was put into minimising its

above 10 to 19 MV. For high energy (16 Me\gffect on the temperature sensing electronics
electrons, a third vessel was built for use atcannected to the thermistor probes. The thermistor

measurement depth of 3.3 cm. probes are either connected to a separate d.c. bridges,
or more recently, a.c. bridges, or both to the same

As the glass walls of the vessels get hotter than kfiglge. A new a.c. bridge is shown in Figures 5 and 6.

surrounding water during irradiation, correction

Join filled with solder glass

Figure 4 Thermistor probe
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Figure 6 Photograph of a.c. bridge
The main components of the a.c. bridge system are:

whether the measured temperature rise corresponds
directly with the energy deposited by the incident
radiation. This is known as the ‘heat defect’, and it
can be positive or negative depending on whether the
chemical reactions are endo- or exo-thermic.
However, by carefully controlling the purity of the
water in the calorimeter vessel, including what gases
are dissolved in the water, a stable system can be
produced with a known ‘heat defect'.

At NPL, a simple system as shown in Figure 7 is used
to allow the calorimeter vessel to be filled with ultra-
pure water that is saturated with either the gas
hydrogen or argon. In each case, the heat defect of the
gas saturated water is zero. The whole experimental

Gas flow in
Gas or gas saturated water,
depending on tap positions
/

Valves

2 litre reservoir bottle

Ultra pure water

1. a bridge made from Vishay precision
resistors;
2. a Lock-in-Amplifier (LIA). This provides the
bridge drive voltage, output amplification and sinter
phase sensitive detector; . . Figure 7 Water gas-saturation system
3. one or two temperature sensing thermistor
probes and; setup, including the valves, is cleaned with chromic

4. two resistance networks (Resnets) to balance acid prior to use. With the glass reservoir bottle fillec
with ultra pure water, valve 3 closed, valves 1, 2 and
4 open, and the screw cap holding the thermistors in
dissipation in each of the thermistors is about 6 pyW. place slightly logse, H or Ar enters the reservoir
The end result is a system with a signal to noise of bottle through valve 1. When the water is saturatec
300, and a typical standard uncertainty on the with the gas, valve 2 is closed, and valve 3 opened

the resistive component of the bridge output.
The bridge drive voltage is 0.5 V, so the power

measured temperature rise of 0.2%.

V. HEAT DEFECT

Gas pressure then forces water out of the reservoil

into the calorimeter vessel. Valve 4 is then closed and
the thermistor screw-thread connector is tightened,
sealing the vessel.

Radiation induced chemical reactions are a main
cause for concern in water calorimetry, as they effect



VI. RESULTS however, these problems have now been solved.
The experimental set-up that is typically used fghese measurements showed an uncertainty of 2%
irradiations is shown in Figure 8. Either the wateg5% confidence limit) on the measurement of
calorimeter or an ionisation chamber can be placedyisorbed dose to water. Comparisons with the
the radiation beam at any one time, along withpimary standard graphite calorimeter agreed within
the measurement uncertainties. However, as 2% is too
‘_ Monttoring computer high an uncertainty, the calorimeter was subsequently
s redesigned to reduce the uncertainties.

Calorimeter

Transmission monitor

Using the redesigned calorimeter and new a.c.
o temperature measurement system, measurements were
=g performed in® Co radiation at a dose rate of 1
T memnis - Gy.mint. The standard deviation (type A) on the
measured temperature rise using the new system was
lon chamberphantom () 704 for a typical set of 15 measurements, with a
T Ewermenal@tle - gignal to noise ratio of 270. This compares with a
standard deviation and signal to noise ratio of 1.6%
and 95 respectively for the previous (d.c.) system.
transmission monitor (to correct for fluctuations in

the intensity of the radiation beam). Absorbed doseTt®e recent improvements to the calorimeter have
water measurements made with the calorimeter gfguced the estimated uncertainty on the

bracketed by groups of measurements made usingr@@asurement of absorbed dose to water to 1.3% (95%
ion chamber (the ion chamber also gives absorkgghfidence limit).
dose to water as it has been calibrated previously
against the primary standard graphite calorimeter). VIIl. CONCLUSION

The most recent tests have confirmed the feasibility of
Measurements were made using 6, 10, 16, and the calorimeter design although further work is
19 MV photons, and 16 MeV electrons with the required before the calorimeter can be used as a
calorimeter inner vessel filled with hydrogen primary standard. Future work will focus on making
saturated ultra-pure water, using the d.c. temperature measurements of the heat defect.
measurement system. A typical calorimeter run from

this set of measurements is shown in Figure 9. IX. ACKNOWLEDGEMENTS
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