Fifth IRMF Comparison of Calibrations of Portable Gamma-Ray Dose-Rate Monitors Used for Area Monitoring and Personal Electronic Dosemeters

1. Introduction

Following the success of the four earlier comparisons of calibrations of hand-held gamma-ray dose-rate and electronic personal dosemeters it has been agreed that the IRMF will organise a fifth comparison to be carried out during 2005. As before, the aim of the comparison is to increase confidence in the ability of the participants to perform such measurements.

The comparison involves the circulation of three radiation protection monitoring instruments whose electronics may have been deliberately off-set in order that their readings do not necessarily correspond to the true value of the incident radiation field. For a realistic and meaningful exercise it is essential that participants employ exactly the same techniques and methods to calibrate the instruments as routinely used within their organisation. The comparison is therefore not a research project.

The protocol embraces the use of the three gamma-ray sources 60Co, 137Cs and 241Am. As the use of Am241 is normally restricted to confirming the energy response at one dose rate only, participants should make measurements as appropriate within the instrument range. The range of ambient dose equivalent rates covered is from about 2.5µSv h-1 to 20mSv h-1. However, it is emphasised that participants should restrict their measurements to the sources and dose-rates normally used in-house for routine instrument calibrations.

The quantities of interest for this comparison are ambient dose equivalent and personal dose equivalent. Participants are asked to provide the conversion coefficients used to derive these quantities from air kerma.

2.  Organisation of the Comparison

It is intended to carry out the comparison during the period of January to December 2006. The transfer instruments and their packaging will be prepared by the NRPB at Chilton. The instruments will then go first to the NPL and this exercise will be used to check the suitability of the protocols before sending the instruments to the other participants. 

Each participant has been allocated two weeks to complete the measurements and despatch the instruments to the next participant ready for use the following Monday morning. Participants are advised to use their preferred courier.

As a direct result of the experience gained in previous comparisons where the instrumentation proved most reliable, as no check sources will be circulated with the instruments. However, if participants are concerned for any reason regarding the condition of any of the instruments they should contact 
-

Duncan McClure (HPA, Chilton)

Tel. No. 01235 822738

E.  mailto:Duncan.McClure@hpa-rp.org.uk
The measurement protocol will be circulated to all participants electronically, but manuals for each of the instruments will be circulated within the transport case. Please ensure that these remain within the case and are sent to the next participant with the instruments. Any participant not receiving the manuals should report this to the organisers immediately. Any participant who does not pass on the full complement of instrumentation and documentation in the transport case provided may be removed from the comparison.  

3
Transfer Instruments

The following instruments are being used as transfer instruments for the comparison. The organisers wish to thank Saint-Gobin Crystals & Detectors UK Ltd and Siemens Environmental Systems Ltd for providing the instruments. 

3.1
Electra with MC 20 probe

This instrument and probe combination will require setting up by each participant before measurements can be made. This should be performed by reference to the measurement pro-forma and the instrument manual provided in the shipping case with the instrument. Whilst the majority of the parameters used to set up the Electra have been provided, it is necessary for each participant to calculate the dead time. This should be performed in the manner in which the laboratory usually perform the assessment for setting the dead time, in which case the participant should provide details of the method used, or by following the procedure detailed below. Once you have completed your measurements, the parameters in the Electra should be reset to the values given at the top of page 38 of the manual. This is to ensure that the next participant will have to follow the set up procedure. When making these changes start at parameter F and choose S66.
 Electra & MC20 Set-up parameters

0 → Battery voltage



8 → Sv/h

1 → off




9 → 1.71

3 → 500V




A → on

4 → 5.0 μA




b → on

5 → Initially off, then the value you derive
C → Auto

6 → 1.5V




E → int







F → G


Method for calculation of dead time.

· Set the dead time value in the Electra to 0

· Set the instrument calibration factor to a value of 1.71 counts s-1/μSvh-1
· Make a measurement at a high dose rate (a few hundred μSv h-1) and multiply the true delivered dose rate by the response factor given above. This is term B.

· The instrument indication obtained at the high dose rate is also multiplied by the response factor given above. This is term C.

The dead time can then be calculated using the formula below: -




τ  =  B – C




        B x C







When a value for the dead time has been calculated it should be entered into the Electra and the measurements detailed on the pro-forma performed.


Calibrations

The probe should be mounted as shown in the attached diagram, i.e. horizontally with the reference spot facing the radiation source. The major axis of the probe should be normal to the radiation beam and the reference distance measured to the centre of the probe’s cylindrical axis. Every endeavour should be made to mount the Electra out of the primary beam. This is the preferred orientation and you should only deviate from it if it is physically impossible to achieve such an orientation in your facility.  Any deviations should be noted on the appropriate diagram and returned with the relevant measurement pro-forma.

All the measurements on this instrument are made in the integrate mode.

The results of the calibration measurements must be recorded on the relevant attached pro-formas. Instrument readings should be recorded as observed. In this comparison, participants are required to correct the indication for background (as applicable) and calculate the response factor for each of the measurements performed. 

An estimate of the uncertainty associated with the determination of the true delivered dose rate, the corresponding instrument reading and the calculated response factors should be recorded for each measurement on the relevant section of the pro-forma. These uncertainties should be expressed at the 95% confidence level. In addition a full uncertainty budget should be provided in accordance with GPG49 (available to download from the NPL website at http://www.npl.co.uk/irmf/publications.html).

3.2
Gamma Monitor SmartIon

Participants should note that the instrument scale readings may have been offset and as such should not be surprised if the instrument indication does not correspond to the incident dose equivalent rate. A user manual is in the shipping case with the instrument. 

The instrument should be mounted as shown in the attached diagram i.e. horizontally with the front face facing the radiation source. The beam axis should be aligned with the instrument case. The distance should be measured between the source and the marked reference point on the side of the instrument case. This is the preferred orientation and you should only deviate from it if it is physically impossible to achieve such an orientation in your facility. Any deviations should be noted on the appropriate diagram and returned with the relevant.

The results of the calibration measurements must be recorded on the relevant attached pro-formas. Instrument readings should be recorded as observed. In this comparison, participants are required to correct the indication for background (as applicable) and calculate the response factor for each of the measurements performed. 

An estimate of the uncertainty associated with the determination of the true delivered dose rate, the corresponding instrument reading and the calculated response factors should be recorded for each measurement on the relevant section of the pro-forma. These uncertainties should be expressed at the 95% confidence level.

3.3
Electronic Personal Dosemeter (EPD)

As stated above, the dosemeter response may have been offset, so participants should not be surprised if the dosemeter indicated incremental dose equivalent does not indicate the incident dose equivalent. 

As supplied, the EPD default display is (Hp) in µSv. All displays options have been locked out with the exception of the Hp and Hs dose indications, these equate to measurements of Hp(10) and H’(0.07) respectively. In addition, the dose and dose rate alarms on the EPD have been set to their maximum values and should not operate during the comparison measurements.

The EPD dosemeter should be mounted as shown in the attached diagram i.e. dosemeter front towards the incident beam with its central axis of symmetry aligned at right-angles to the incident beam axis. The dosemeter may be irradiated either on or off a suitable ‘phantom’. The distance should be measured from the gamma-ray source to the reference point, the ‘beta-window’ on the dosemeter. This is the preferred orientation and you should only deviate from it if it is physically impossible to achieve such an orientation in your facility. Any deviations should be noted on the appropriate diagram and returned with the relevant measurement pro-forma. 

The participants should select two different dose rates for each nuclide. It is recommended that the EPD is exposed for a period sufficient to accumulate a minimum indication of  200 µSv. Participants are also advised to either zero the EPD immediately before each exposure, or to record the time taken for the EPD to change between indicated readings. e.g.

· EPD displays 11µSv

· Display changes to 12 µSv – Start timer.

· Display changes to 212µSv – stop timer.

· Use measured time to calculate true dose to EPD

· Calculate response

The results of the calibration measurements must be recorded on the relevant attached pro-formas. Instrument readings should be recorded as observed. In this comparison, participants are required to correct the indication for background (as applicable) and calculate the response factor for each of the measurements performed. 

An estimate of the uncertainty associated with the determination of the true delivered dose rate, the corresponding instrument reading and the calculated response factors should be recorded for each measurement on the relevant section of the pro-forma. These uncertainties should be expressed at the 95% confidence level. 

Your attention is also drawn to a number of additional questions included on the Pro-forma for this particular instrument, please complete as fully as possible and include additional pages if necessary.

4
Collation of Results

The co-ordinators of this exercise are 

Martin Palmer at NPL, Teddington. 
Tel:
020 8943 7190

Graham Bass at NPL, Teddington
Tel:
020 8943 7190

Duncan McClure at NRPB, Chilton. 
Tel:
01235-822738. 

Participants are required to submit copies of their completed measurement pro-formas and report forms in electronic form only, including the additional information (see Section 5 below) to both co-ordinators within four weeks of the completion of their measurements.

Failure to meet this deadline will result in exclusion from the final report.

On the completion of the inter-comparison a summary report will be prepared and distributed to all participants prior to the holding of a ‘summary meeting’ to finalise the report and agree conclusions to be drawn from the inter-comparison. Following the satisfactory completion of this exercise a report will be prepared for publication by the NPL.

5
Information required from Participants

Please use attached pro-forma measurements report forms whenever possible, completing only the parts marked for participant’s use. 

There are three columns for uncertainties marked ‘UN’. 

· the first uncertainty is that associated with the derivation of the dose rates used for the measurements. 

· the second uncertainty is that associated with the instrument readings 

· the third uncertainty is that of the calculated response factors. 

These should be quoted at the 95% confidence level. 

Please provide a standard calibration certificate for each instrument. A certificate of test before use is also requested for the Mini-Ion.

Participants are also requested to complete copies of the following pages 6, 7, 8, with the details requested and return them to the coordinators with the data pro-forma.

5.1
Participant’s irradiation source and facilities

SOURCE AND TRACEABILITY
i) Are the sources capsules or planar?

241Am
.……………………………………………………………

137Cs
.……………………………………………………………

60Co
……………………………………………………………

ii) What is the basis of the calibration in terms of Ambient dose equivalent rate? Is this traceable to primary standards, and if so, how?

 ……………………………………………………………………………………………………………………….

COLLIMATION

What is the primary beam diameter (in cm) at a distance of 1 metre from the source?

241Am
………………………………………………………………………

137Cs
………………………………………………………………………

60Co
………………………………………………………………………

Please state for each source the minimum beam diameter used in the measurements and the associated minimum source to instrument separation distance. 

241Am
.……………………………………………………………

137Cs
.……………………………………………………………

60Co
.……………………………………………………………

EXPOSURE ROOM

Please give the approximate dimensions of the exposure room (in metres).

Length
L: ……..………………………………………………………………       

Width 
W: …………………………………………………………………….

Height 
H: …………………………………………………………………….. 

What is the wall material?  ……………………………………………………………

Source/Instrument Geometry (in metres).

Height above floor H: ……………………………………………………….

Distance from Walls Y: ……………………………………………………..

                                   Z: …………………………………………………….

Source/Instrument Separation Distance (in metres).

Minimum
Xmin: ……………………………………………………

Maximum
Xmax: …………………………………………………...

5.2
Dose equivalent conversion factors

AMBIENT DOSE EQUIVALENT

What is the value of the air-kerma to ambient dose equivalent conversion factors used for each source?

241Am
……………………………………………………

137Cs
……………………………………………………

60Co
……………………………………………………

PERSONAL DOSE EQUIVALENT

What is the value of the air-kerma to personal dose equivalent conversion coefficient used for each source? If the calibration of the EPD was not performed in terms of personal dose equivalent what quantity and conversion coefficients were used?

What is the source of the above conversion coefficients(s)?

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
5.3
Comments

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..

6
Comments and additional information

	

















