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ABSTRACT

The Austrian Dosimetry Laboratory, established and operated in

cooperation between the Austrian Research Center Seibersdorf and

the Federal Office of Metrology and Surveying (Bundesamt für

Eich- und Vermessungswesen) maintains the national primary

standards for radiation dosimetry. Furthermore its tasks include

routine calibration of dose meters and dosimetric research.

The irradiation facilities of the laboratory comprise three

X-ray machines covering the voltage range from 5 kV to 420 kV

constant potential, a 60£O teletherapy unit, a circular exposure

system for routine batch calibration of personnel dose meters

with four gamma ray sources (G^Co and 137cs) and a reference

source system with six gamma ray sources (60co and 137cs)# in

addition a set of calibrated beta ray sources are provided

(147Pm, 204Ti a n d 90 S r).

The dosimetric equipment consists of three free-air parallel-

plate ionization chambers serving as primary standards of

exposure for the X-ray energy region, graphite cavity chambers

with measured volume as primary standards for the gamma radia-

tion of 13<7cs and 6°Co a s Well as different secondary standard

ionization chambers covering the dose rate range from the

natural background level up to the level of modern therapy

accelerators. In addition for high energy photon and electron

radiation a graphite calorimeter is provided as primary standard

of absorbed dose.

The principal experimental set-ups for the practical use of the

standards are presented and the procedures for the calibration

of the different types of dose meters are described.



ZUSAMMENFASSUNG

Das Österreichische Dosimetrielaboratorium, das in Zusammenar-

beit zwischen dem Österreichischen Forschungszentrum Seibersdorf

und dem Bundesamt für Eich- und Vermessungswesen errichtet wurde

und in Betrieb ist, verwahrt die nationalen Primärnormale für

die Dosimetrie ionisierender Strahlung. Zu seinen Aufgaben ge-

hörenweiters Forschungs- und Entwicklungsarbeit auf diesem Ge-

biet sowie die Routinekalibrierung von Dosimetern.

Die Strahleneinrichtungen des Laboratoriums bestehen aus drei,

den Gleichspannungsbereich von 5 kV bis 420 kV umfassenden Rönt-

genanlagen, einer 60Co-Teletherapieanlage, einer Kreisbestrah-

lungsanlage für die Routinekalibrierung von Personendosimetern

mit vier Gammastrahlenquellen (137cs u n d ^°Co) und einer Refe-

renzstrahlanlage mit sechs Gammastrahlenquellen (̂ "̂ Cs und

60co). Zusätzlich steht ein Satz kalibrierter Betastrahler zur

Verfügung (147pmf 204Tl u n d 90 S r ) -

Die dosimetrische Ausrüstung umfaßt drei Freiluft-Parallel-

platten-Ionisationskammern als Primärnormale für die Ionendosis

für Röntgenstrahlung, Graphit- Hohlraumkammern mit vermessenem

Volumen für die Gammastrahlung von 137cs und 60co, sowie ver-

schiedene Sekundärstandard- Ionisationskammern, deren Verwen-

dungsmöglichkeit vom Dosisleistungsbereich der natürlichen Umge-

bungsstrahlung bis zu dem moderner Therapiebeschleuniger

reicht. Für hochenergetische Photonen- und Elektronenstrahlung

steht ein Graphitkalorimeter als Primärnormal zur direkten Mes-

sung der Energiedosis zur Verfügung.

Es werden die prinzipiellen Meßanordnungen zur praktischen Ver-

wendung der Standards präsentiert sowie die Methoden zur Kali-

brierung der verschiedenen Dosimeterarten beschrieben.
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1. Introduction

It is one of the obligations of the "Bundesamt für Eich- und

Vermessungswesen (BEV) " (Federal O'ffice of Metrology and

Surveying) to take care that the realization of the legal

units of measurement is carried out in Austria in accordance

with the scientific progress of metrology and with the inter-

national agreements.To meet these demands in the field of the

dosimetry of ionizing radiation a dosimetry laboratory has

been established as a co-operative project between the "Austrian

Research Center. Seibersdorf" and the BEV. The tasks of this

laboratory now include the maintenance of-the national standards

for radiation dosimetry, type testing and routine calibration

of dose meters for both therapy and radiation protection dose

levels, as well as research work on new dosimetry methods and

instrumentation. The laboratory has started to operate in 1977

after a three years construction period. Most of the irradiation

and measurement facilities have been designed and built in

Seibersdorf.

*) Lecture presented at the IMEKO Interregional Training Course
on Ensuring Measurement Accuracy, Seibersdorf, Sept. 1984
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2. Design of the laboratory

The concept of the design is based on the requirement to combine

both dosimetry for radiation protection dose levels (dose rates

down to a few microroentgens per hour) with therapy-level dosi-

metry (dose rates up to some 10 kiloroentgens per hour) within

one building, yet with the minimum possible interference.

Furthermore, primary standard measurements as well as large-scale

routine calibrations have to be performed in the same laboratory.

This combination of the different duties within the one building

has the economic advantage, at least for a small country, that

the same, experienced staff and the expensive facilities and

equipment can be shared between the different tasks. Such an

operation can cope with a considerable work load if the facilities

are designed for a large degree of automation.

Fig. 1 shows the basic layout of the laboratory. The irradiation

facilities are situated in a large, unshielded hall of 20 m

length and 8 m width for protection-level dosimetry, and a

shielded bunker of 8 m x 4 m with walls of 90 cm - 150 cm concrete

for therapy-level dosimetry. Both rooms are operated from a

common adjacent measurement and.control room. The protection

level hall has wooden walls with glass wool lining to provide

excellent thermal insulation with neglegible scattering. This

design allows for optimum physical measurement conditions at a

relatively low cost of construction. The radiation beams travel

along the long axis of the hall into the open air. The environment

of the building is completely fenced-in and operated as a tempo-

rary radiation area. For additional protection the building is

partly surrounded by an earth wall.

The building is fully air conditioned, having a temperature

variation

humidity.

variation of less than + 1 C and + 5 % variation of relative
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Irradiation facilities

The irradiation facilities are controlled by an electronic safety

system based on a microprocessor circuitry. Fig. 2 shows the

control desk containing the electronic controls for the irradiation

system, the current measuring devices and high >voltage supplies,

the TV-monitor chain and the display panel of the safety system.

In the protection level hall the normal local background radiation

level of 50 nSv/h - 80 nSv/h is maintained, owing to the siting

of the laboratory at the farthest corner of the research center,

and since the design of radiation facilities incorporates under-

ground storage containers and sufficient shielding. Thus environmental

level dosimetry can be undertaken. An automatic measuring cart

riding on 2 m wide tracks is installed, running the length of

the hall on its central axis. The positioning of the cart (Fig. 3)

is remotely controlled by a three-dimensional digital positioning

system. The overall accuracy of positioning is better than 0,1 %.

For alignment, a laser levelling instrument is mounted on the end

of the track. The radiation beams of a 320 kV constant potential

X-ray machine and of a reference source system are directed along

the centre-line of the tracks with the X-ray beam 50 cm above

the nuclide beams.

The X-ray machine is a commercially, available high stabilized

constant potential system (Philips MG 3 23D) with a metal-ceramic

tube with beryllium window. It can be operated over a voltage

range of 14 kV to 320 kV with the current ranging from 10 ,uA to

40 mA (max. load 3,2 kW). The tube voltage is measured by means

of a potential divider directly in the high voltage generator.

Very high reproducibility (0,2 kV), stability (+ 0,2 %; + 0,2 kV)

and accuracy (+1 %) is ensured by a control unit with a micro-

processor which monitors the operating parameters permanently.

This control unit is offering maximum ease and safety of operation
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by automatic warming-up programmes, programmed operation (storing

and recalling of operating parameters in 60 memory locations)

and protection against overload by permanent comparison of the

adjusted and actual values of operating parameters with the

pre-programmed limit data. The X-ray tube is equipped with an

automatic filter tray for selection of ?2 filters and a pneumatic

shutter.

The reference source system consists of an underground storage

container for selection of six nuclide sources ( Co and Cs

from 50 MEq to 3 TBq) mounted in a well inside the bunker. The

selected source is raised to an irradiation position 90 cm

above floor level within a cubic shield of about 50 cm x 50 cm x

50 cm inside dimensions, having a ring collimator on the front

and a cylindrical opening on the opposite side to avoid back-

scatter. The ring collimator (Fig. 4) is exchangable to obtain

different beam sizes. A pneumatically operated shutter is attached.

A soft X-ray tube -(Machlett OEG-60) for the range of 5 kV to 60 kV

constant potential and 2 mA to 30 mA tube current is situated in

the corner of the hall. It is mounted on an optical bench and

driven by a Siemens Stabilipan generator. It is coupled to a

high voltage resistor with digital display of the actual tube

voltage.

The therapy-level bunker also contains a track system along its

long axis with a manually operated cart. A teletherapy unit

(Picker C8/M8O) which can be loaded with a Co source up to

185 TBq (5 kCi) and a 4 20 kV X-ray tube with automatic filter

wheels and pneumatic shutter are situated at one end of the

tracks, with the X-ray tube above the cobalt source. In order

to reduce the background level, the therapy unit can be lowered

into a well by a hydraulic lift when not in operation (Fig. 5 ).
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The X-ray machine in the bunker is a modified commercial unit

(Philips MG 4 20) equipped with a metal-ceramic tube having a

beryllium window. Owing to the modifications, it can be operated

over a voltage range of 30 kV - 4 20 kV with the current ranging

from 10 AiA to 15 mA. A high-voltage resistor connected to the

anode of the tube provides digital indication of the actual high

voltage level and automatic high-voltage control by a feed-back

loop. This ensures that a long-term stability of better than 1 %

is maintained. The X-ray tube is equipped with an automatic filter

trav that permits selction of any one of 12 filters and a pneu-

matic shutter •

For routine batch calibration of personnel dose meters, etc. in

circular geometry a pneumatic rabbit system using one of four

sources (60Co and l37Cs of 50 MBq to 150 GBq) is provided. In

order to avoid interference with other work during long-term

exposures, the circular exposure system (Fig.6 ) is situated in

the bunker. The source storage container is placed in the same

well as is the reference source system.

For the calibration of beta-ray dose meters a commercially

available calibration set-up (Buchler) is provided. It consists
147

of four calibrated beta-emitting radioactive sources ( Pm,
2 O 4T1, 90Sr) which can be inserted into an irradiation jig with

remotely cotrolled shutter and beam-flattening filters 'Fig. 7).

4. Dosimetric equipment

4.1 Primary standards of exposure

The primary standards for the realization of the unit of ex-

posure consist of three free-air parallel-plate ionization

chambers for X-rays and of graphite cavity chambers of known,

measured volume for gamma radiation.
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The design of the free-air chambers (Fig.8 ) is based on the

instruments of the Hungarian National Office of Measures (OMH),

Budapest, '.a result of co-operation between the two laboratories,

They cover the X-ray ranges 5 kV to 30 kV, 20 kV to 80 kV and

50 kV to 400 kV generating potential. The essential requirement

of very good long term stability is provided by the mechanical

construction based on heavy cast iron beam structure. The beam

limiting entrance diaphragms are made of heavy tungsten alloy.

The numerically largest correction factor which has to be applied

to the indication of a free air chamber is the correction for

air attenuation between entrance diaphragm and measuring volume.

For the determination of this correction a variable pressure

tube with beryllium windows is provided.

For higher photon energies up to 3 MeV, in particular for Co
137

and Cs gamma radiation, cylindrical graphite cavity chambers

with measured effective volume are used. Fig.9 is a photograph

of a primary standard cavity chamber with nominal volume 1 cm .

For determination of wall effects four graphite caps with 4 mm

wall thickness each fitting closely into each other are sequen-

tially attached to the chamber and the measurements extrapolated

to zero wall thickness. A dummy stem is provided to determine

the scattered radiation due to the stem supporting the chamber.

4.2 Primary standard of absorbed dose

The primary standard for the realization of the unit of absorbed

dose of photon and electron radiation up to high energies is a

graphite calorimeter. The instrument in use is a portable system

based on the design of S. Domen at the US National Bureau of

Standards, who provided most valuable personal advice during its

construction and testing. The electronic measurement and control
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circuitry has been designed and manufactured by OMH and the

mechanical components by the Research Center Seibersdorf in

cooperation with the IAEA Dosimetry Section.

Fig. 10 shows a side-view cross section of the calorimeter.

The core is the central body in which measurements are made

for the determination of absorbed dose. It is enclosed by the

jacket, from which it is thermally isolated by vacuum gaps and

coatings of aluminized Mylar foil on the interior jacket. The

jacket is surrounded by the shield, from which it is isolated

by gaps and Mylar coatings. The shield is(again thermally isolated)

mounted in the central whole of the medium, which is thermo-

regulated with high precision to a constant working temperature

of approximate 27 C. The short-term (of the order of some minutes)
-4

stability of the temperature is about 5.10 K, the long-term (of

the order of one day) stability about 5.10 K. These four

cylindrically shaped graphite bodies are situated in a lucite

vacuum chamber that is surrounded by the phantom, the outermost,

not thermoregulated graphite part of the calorimeter. Additional"

graphite plates can be mounted in front and back of the phantom

to determine depth dose distributions.

The shield, jacket and core are equipped with manually operated

electrical heaters. The temperature responses in all graphite

bodies, except in the phantom, are measured with microthermistors,

which are switched into the arms of a high precision Wheatstone

bridge. The bridge is powered by an ac source, which also regulates

the sensitivity of a lock-in amplifier (Fiq. 11).

4.3 Secondary standards and current measurement

High quality ionization chambers with excellent reproducibility

and long-term stability are used as secondary standards to

disseminate the units. Beside the well-established NPL-Therapy-

Level Secondary Standard, the Farmer-chamber and several Shonka-

chambers a secondary standard dosimetry system produced in the

Research Center Seibersdorf is mainly in use. It is based on a

set of ionization chambers in connection with a precision digital



- 8 -

current integrator and allows accurate dose and dose rate •

measurement in a wide range of radiation intensity and quality

for protection and therapy level dosimetry (Fig. 12),

The ionization chambers are tailored to their different

applications:

For radiation protection measurements at low dose rates a large

spherical air-equivalent chamber of 10000 cm volume (Fig. 13)

is used down to environmental levels. For high dose rates in

therapy level dosimetry a small water-equivalent thimble chamber

of 0,4 cm volume is provided which can be put directly into a

water-phantom. For the intermediate dose rate range a 30 cm"3

chamber and a 1000 cm chamber are provided.

Chamber walls and collecting electrodes are made from Polyacetal

resins, a material which has superior mechanical properties en-

suring tl.a necessary long-term stability and a most suitable

chemical composition. By choosing the proper mixture of Polyacetal

with Polytetrafluoroethylene (PTFE), the chambers can be made

virtually tissue-, water- or air-equivalent. The wall thickness

(3 mm) is sufficient for an electronic equilibrium up to several

MeV photon radiation. For soft X-rays the absorption in the wall

is compensated due to a thin layer of aluminium on the inner wall

surface, providing an increased photoelectric yield. In this way

the energy response is within + 2 % between 20 keV and 1,2 MeV.

The heart of the digital current integrator (Fig,14 ) is a

MOS/FET electrometer amplifier, with which the ionization

chambers are connected through a series of reed switches.

Exchangeable measuring capacitors (100 pF - 100 nF) are used

to increase the dynamic range. The increasing voltage signal

at the capacitor is measured by an automatic Townsend-balance

circuitry. The offset current is less than 10 A. The system

is controlled by a microprocessor centra.1 processing unit. (CPU).

An additional arithmetic processing unit performs all calculations.

Chamber calibration factors and capacitance values are stored in

an exchangeable memory chip. The measuring parameters
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(atmospheric pressure, temperature, radiation quality and

number of cycles) are manually set on BCD-thumb-wheel switches

on the front panel. A LED-display contains the voltage signal,

integrating time, dose and dose rate. With a built-in printer

dose and dose rate, mean value, standard deviation, time,

calibration factor and capacitance value are recorded. The

ionization chambers and measurement capacitors are identified

by encoding resistors contained in the connectors. A programmable

high voltage supply is automatically set to the correct chamber

high voltage by the CPU as a function oü the decoded chamber

number.

5. Calibration procedures

5.1 Calibration set-up for X-rays

Fig. 15 shows the calibration set-up for the 320 kV X-ray

machine. The tube is installed behind a protective wall. A

remotely controlled pneumatic shutter allows to start and

stop irradiation without switching the high voltage of the

tube. Filters are arranged in an automatic wheel.Four different

sets of radiation qualities are provided for the calibration

of instruments: three according to the international standard

ISO 4037 (narrow, wide, high dose rate) and the set of qualities

according to BIPM/CCEMRI.

To account for variations in the output of the X-ray tube a

transmission monitor chamber is used. Mounted to the monitor

chamber is a beam limiting diaphragm on the entrance side of

the beam and a shielding diaphragm on the opposite side. The

shielding diaphragm is adjusted to reduce the penumbra but

does not limit the useful beam.

The reference point of the reference ionization chamber and

that of the ionization chamber to be calibrated are moved alter-

nately to the same point on the axis of the beam. Distance

measurements are made with a micrometer from a reference point

being realized by a removable rod. The error due to the uncer-

tainty in chamber positions is thus reduced to 0,1 mm.
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5.2 Calibration set-up for therapy level gamma radiation

The Co teletherapy unit is equipped with variable beam

collimators. The reference beam size is 10 cm x 10 cm in the

reference distance 1 m. The reference ionization chamber and

that of the instrument to be calibrated are moved alternately

to the same point on the axis of the beam. Distance measurements

are made with a micrometer, the reference point being a removable

steel bar which can be fixed in front of the crosswires of the

collimator.

5.3 Calibration of radiation protection field instruments

The routine calibration of radiation protection field instruments

is performed at the reference source system. The dose meters

or detectors are positioned in the radiation beam by the track

and cart system with a small cart with manual operation{Fig . 16).

For one radiation source (reference source) of each nuclide

the dose rate is determined on several points along the track.

The result of such determinations are plotted in fig.. 1-7 .

The inverse square law is not fully obtained due to air

absorption and scattering. For the different sources of the

same nuclide the ratio of the dose rates to the dose rates

of the reference source is determined at one point in the beam.

For actual routine calibrations the distance for a desired

dose rate is calculated by using the source ratio, the

reference source data and the half-life time of the nuclide.

The deviation of the inverse square law between two reference

source data points is approximated by linear interpolation.

For exact determination of distances between source and

reference plane a reference rod can be inserted at the exact

position of the source allowing for mechanical distance

measurement with a micrometer inserted through the collimator.

For routine calibration the positioning is performed with

the aid of a mark on the cart which is related to a scale running

along the track.
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5. 4 Calibration of personnel dose meters

The routine batch calibration of personnel dose meters is per-

formed on the circular exposure system. With this system a

large number of dose meters (e.g. 160 TLD cards) can be irra-

diated simultaneously with Cs or Co gamma rays. The

dose meters are positioned on a circular arc with an opening

of 120 in the distance of 1 m of the center of the source.

The uniformity of the radiation field along the arc has been

investigated with an ionization chamber and found to be sufficient

5.5 Calibration in terms of absorbed dose

The graphite calorimeter is presently the basis for the cali-

bration of ionization chambers in terms of absorbed dose.

Usually an absorbed dose calorimeter is operated in the quasi-

adiabatic mode. The initial state of the calorimeter operated

in this mode is at least a temporary state of temperature

equilibrium. Based on this equilibrium, the temperatures in

the different bodies are raised when the calorimeter is irra-

diated. Lower absorbed-dose rates in the jacket and shield can

be compensated by additional electrical heating in these bodies

on order to obtain the same rate of temperature rise in the

core, jacket and shield. The medium temperature can be raised

by adjusting the automatic temperatur regulator. The temperature

response of the core is proportional to the absorbed dose in

this body and is evaluated in terms of a fractional change of

the core thermistor resistances. The quasi-adiabatic calibration

factor expressing the relation between this fractional change

and the energy imparted by the beam is determined by producing

a similar quasi-adiabatic temperature rise by heating the

difference bodies electrically. This technique of operating an

absorbed dose calorimeter is widely known and used.

Recently a new method of operation has been developed in our

laboratory, in constrast with the former method, the tempera-

tures of all bodies are held at an essentially constant equili-

brium temperature throughout the measurement in the method

desribed below. Therefore it is called the quasi-isothermal
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mode of operation. In order to achiave constant temperature

equilibrium in the core, jacket and shield, they are heated

with continuous electrical power before irradiation. The. heating

power in the different bodies is chosen in such a way that

it is close to the expected heating power of the following

irradiation. This electrical heating plus the heating of the

measuring thermistors lead to a new temperature equilibrium

above that caused only by the thermistor power in quasi-adiabatic

operation. Having established the new quasi-isothermal temperature

equilibrium (with low temperature drifts in each body), one

can begin irradiation of the calorimeter. At the same time,

when the beam is turned on, the electrical heaters in the core,

jacket and shield are switched off. In this way, the electri-

cally produced heat going into the different bodies before

irradiation is replaced by the heat produced by the beam during

irradiation. Therefore, this technique can be considered as a

compensating method.

The quasi-isothermal temperature equilibrium is not disturbed

during irradiation unless the applied power is different, in

which case there will be a drift which must be measured to

determine a correction. At the end of irradiation the beam is

turned off and the electrical heaters are simultaneously

switched on. For the same reason as mentioned above, all the

bodies again remain essentially constant in temperature. After

the recording of the final temperature drift (which can be

used as initial drift of the following measurement) a new

irradiation run can be started. Fig. 18 shows an original re-

cording of the core temperature response in quasi-isothermal

operation.

For the calibration of ionization chambers a piece of graphite

identical in shape with the calorimeter can be embedded into

the graphite phantom. This piece of graphite has a hole to
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accomodate different ionization chambers with appropriately

shaped holders. Thus it is possible to calibrate a transfer

ionization chamber in terms of absorbed dose to graphite. By

making use of a photon-fluence scaling theorem the graphite

calibration factor can be converted to a calibration factor

for absorbed dose to water, which is the medium of interest

in the practice of dosimetry. The transfer ionization chamber

then can be used in the water phantom for the calibration

of further instruments.
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Figure 2

Control desk
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Figure 3

Partial view of the protection level hall showing the

soft X-ray unit with the 5 kV - 30 kV and 20 kV - 80 kV

free-air chambers (right) and the automatic measuring cart

with the 50 kV - 400 kV free-air chamber (left)
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Fig. 4 Ring collimator and shutter assembly of reference source system
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Figure 5

Cobalt teletherapy head with collimator and

filter wheel of the 4 20 kV X-ray machine
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Figure 6

Irradiation arrangement of circular exposure system
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Figure 1

Beta irradiation facility



- 21 -

u »r»- »iiiftift«nft**.
h
 - V -

-i ...J

"Tnr1

4 ' •»

• * ' • '

!l

/ ^ ^ ^

- - * • - -

Figure 8

Parallel-plate free-air chamber for generating

voltages up to 400 kV
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Figure 9

Cavity chamber
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Cross-section of the graphite calorimeter
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Figure 11

Calorimeter and electronic circuitry
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Secondary standard dosiraetry system
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Figure 13

Low level secondary standard ionization
chamber on tripoid
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Figure 1 4

Digital current integrator
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Figure 15

Calibration set-up for the 3 20 kv X-ray machine
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Figure 16

Calibration set-up for radiation protection
field instruments
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Original recording of the core temperature response

in quasi-isothermal operation
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