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1.	 Introduction
An application for authorisation to use a linear accelerator#

* is a two-step approach:

1.	 An application is first made via the EDEN portal for a commissioning purposes only licence. For 
an existing licensee, the application is in the form of a licence amendment request. This will only 
permit use of the equipment to carry out those tests needed for commissioning.

2.	 Following successful commissioning of the equipment an application may be made for a clinical 
use licence. That is, a request to remove the licensing restriction of commissioning purposes only.

The EPA will endeavour to ensure that applications are processed in a timely manner. However, 
applications for authorisations for a new linear accelerator are complex and the processing of 
authorisation applications may take a considerable period of time. This timeframe is dependent on 
the volume of concurrent applications along with the quality of the information provided with each 
application which, if not satisfactory, will result in the need for resubmission.  Applicants should 
give several months’ notice to the EPA prior to commencing the authorisation process. Incomplete or 
unsatisfactory applications, not in accordance with this guide, will be rejected and returned to the 
applicant with a summary of why the application was rejected.

This guidance document sets out the requirements that the EPA consider necessary when processing 
licence applications and is intended as a guide for undertakings wishing to apply to the EPA for a new, 
or an amendment to an existing licence authorising the use of linear accelerators. 

2.	Consultation with a Radiation 
Protection Adviser

Regulation 33 of IRR191 requires the undertaking† to consult with a suitable EPA approved Radiation 
Protection Adviser (the consulted RPA) with whom it shall seek advice on matters pertaining to radiation 
protection to ensure that all legal and regulatory requirements for the new facility or equipment 
are complied with and implemented. This is the facility’s RPA(s) who normally provides radiotherapy 
radiation protection advice to the undertaking pursuant to Regulation 33 of IRR19 within agreed 
arrangements detailing the provisions that are in place to meet the requirements of the Regulations. 
Any queries in relation to the design and construction of the facility shall be addressed to the RPA. 

# 	  The term “linear accelerator” in this guidance includes the associated imaging equipment in radiotherapy.

† 	  Undertaking has the meaning given to it in IRR191: a natural or legal person with legal responsibility for carrying out the 

radiological practice. The undertaking is the person with primary responsibility for compliance with the Regulations.
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3.	 Independent review
To help ensure applications are of consistent high quality, the EPA is introducing a requirement for 
the shielding assessment report to be independently reviewed prior to submission to the EPA. The 
independent review may be carried out by either a radiotherapy RPA or medical physics expert (MPE) 
depending on the situation, as outlined below. Improving the standard of applications will assist in the 
efficient processing of licence applications and allow expected schedules to be met. 

3.1	 Existing bunker with no changes – independent review not required
When a replacement linear accelerator will be installed in an existing bunker and will retain the 
same isocentre and beam geometry and the same beam energies and dose rates, new shielding 
calculations will not be required but the undertaking must provide written assurance from the 
consulted RPA that this is the case. Undertakings must ensure that the existing bunker meets the 
current dose constraints (Appendix 1) and not those current at the time of the construction of the 
bunker.  

3.2	 Existing bunker with changes - review by independent RPA or MPE 
required
When a replacement linear accelerator will be installed in an existing bunker where there is a 
change to any one of the following: isocentre; beam geometry; beam energies; or dose rates, new 
shielding calculations will be required which must undergo review by an independent RPA or MPE.

Where two identical (mirror - imaged) bunkers are having identical replacement linear accelerators 
installed, only one set of shielding calculations will be required but a statement from the 
consulted RPA that the layout, beam geometry, x-ray energies and dose rates in the two bunkers 
are identical will be required.

3.3	 New or modified bunker - review by independent RPA required
When a new linear accelerator will be installed in a newly built or structurally modified bunker, 
shielding calculations must be reviewed by an independent RPA.

3.4	 Independent RPA or MPE

While the independent RPA or MPE may be employed by the same undertaking, their shielding 
assessment must be completely separate. The only common information shared shall be the 
architectural details, the beam energies and dose rates to be used, the treatment mix and 
published shielding and scatter data. A clear statement to this effect is required. 

3.5	 Independent RPA requirements
The independent RPA may be an EPA approved RPA or from outside the state‡. The onus is on 
the undertaking to ensure that if an RPA from outside the state who is employed to conduct 
an independent review, they are suitably qualified and competent to review the shielding 
calculations. Evidence of competence as determined by the undertaking will be required. They 
must be recognised to act in this capacity by the competent authority in their own Member State, 
in addition to being fully aware of Irish legislation and dosimetry requirements. 

‡	 The EPA recognises that there are areas of specialisation which may require input from an RPA outside the state.
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3.6	 Independent MPE requirements
The independent MPE must hold a current and valid radiotherapy MPE registration with the Irish 
College of Physicists in Medicine (ICPM) or be on the approved MPE register in Ireland which may 
be formed after publication of this guidance. In addition, the following requirements must be met:

Requirement of MPE
Individual responsible for 
checking

Complete an external educational course on radiation 
shielding for linear accelerator bunkers - the European 
School for Medical Physics Experts (ESMPE) course on 
Radiation Shielding (February 2022), or equivalent

Supervising radiotherapy RPA§

Develop a calculation spreadsheet or programme and 
application of same to a bunker - not in MPE’s own facility

Supervising radiotherapy RPA

Check the MPE’s calculation performed Supervising radiotherapy RPA

Check that the MPE has a comprehensive knowledge of 
the relevant legislation, i.e., IRR19 and associated EPA 
guidance to include licensing, dose limitation, prior risk 
assessments, radiation safety procedures and the relevant 
schedules from IRR19

Supervising radiotherapy RPA

Assess the performance of the MPE and indicate in writing 
if they have attained the required competency to perform 
an independent review

Supervising radiotherapy RPA

Ensure that radiation protection, including linear 
accelerator bunker design, forms a part of the MPE’s 
ongoing continuing professional development 

Supervising radiotherapy RPA

Check that the MPE’s competence in relevant legislation, 
shielding calculations and radiation surveys is up to date 
and is readily available for review by the EPA

Any radiotherapy RPA 
requesting an MPE previously 
deemed competent to perform 
an independent review

§	 The supervising radiotherapy RPA must be EPA approved and not currently working in the MPE’s own facility. The 

supervising radiotherapy RPA and consulted RPA will not be the same individual.
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4.	Mandatory requirements for a 
commissioning purposes only licence

The EPA requirements for licence approval will focus on information to validate the shielding afforded 
by the bunker.  The consulted RPA shall, on behalf of the undertaking, submit a licence amendment 
request via EDEN to request that the new linear accelerator be added to the licence and approved for 
commissioning purposes. The documents listed below must be uploaded to EDEN. 

1.	 Undertaking
Details of who has overall legal responsibility for carrying out the 
practice of radiotherapy using a linear accelerator in a medical 
radiological installation

2.	 Disposal framework≠

A framework for disposal of the linear accelerator when it is 
removed, detailing in particular how any components which may 
have become activated will be managed and stored prior to return to 
supplier/manufacturer

3.	 Plan of the proposed 

facility approved by the 

consulted RPA 

See Appendix I for guidance notes on design dose constraints for 
new radiotherapy facilities 

4.	 Shielding assessment and 

calculations report by 

consulted RPA

The shielding assessment report is a key component of the licence 
application for commissioning purposes only licence. See Appendix II 
for the content of this report

5.	 Shielding assessment and 

calculations report by 

independent RPA or MPE

The shielding calculations and assessment report by the consulted 
RPA MUST be reviewed* and verified by another RPA or MPE who 
provides a written report that the bunker meets the design dose 
constraints – see Appendix III

6.	 Design stage risk 

assessment

Design and structural risk assessment incorporating safety by design 
features; to include all engineered controls and signage as set out in 
prior risk assessment in EPA IRR19 guidance2

*Except in cases where there are no changes to either the bunker; isocentre; beam geometry; beam energies or dose 

rates.

Prior to commencing any commissioning work on the linear accelerator, the consulted RPA shall carry out 
a comprehensive survey of the shielding afforded by the walls, roof and floor (where applicable) and, if 
satisfactory, report this formally to the senior radiotherapy physicist before commissioning commences. 

≠Framework for disposal
Routine operation of a linear accelerator at high energy (typically > 10 MV) can result in induced 
radioactivity in the linear accelerator head.  The presence of this activity could give rise to difficulties or 
delays when the linear accelerator reaches the end of its useful life and replacement is being planned. 
For this reason, it is important to develop a framework with the supplier of the new linear accelerator, 
that details how those linear accelerator components which have become radioactivated will be 
managed and returned to the supplier/manufacturer.
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5.	 Mandatory requirements for a clinical 
use licence 

The consulted RPA, on behalf of the undertaking, shall submit a licence amendment request via EDEN 
to request that the commissioning purposes only restriction be removed from the new linear accelerator 
and that it is licensed for clinical use. The documents listed below must be uploaded to EDEN in support 
of the amendment request.

1.	 Consulted RPA 

confirmation that facility 

has been built to the 

design specifications

Verification and confirmation in writing that no person receives a 
radiation dose which exceeds the design dose constraints for new 
radiotherapy facilities - see Appendix I

2.	 Survey report from the 

consulted RPA

Detailing the results of the dose rate measurements carried out to 
validate the shielding of the bunker and estimates of annual doses - 
see Appendix IV

3.	 Report of an independent 

dose rate survey of the 

bunker

To be completed by an independent RPA or MPE with different 
survey meters, using the same points of measurement as the 
consulted RPA – see 12.6 of IPEM report no. 753

4.	 Critical examination 

report 
By the consulted or independent RPA recording the correct operation 
of warning signs and lights, emergency stops and safety interlocks

5.	 Calibration certificates 
All equipment used for radiation survey and output measurements 
confirming all calibrations (including secondary standard) are < three 
years

6.	 Joint acceptance testing 

report

Completed by a suitably qualified radiotherapy MPE and the linear 
accelerator supplier’s representative using the supplier’s pro-forma, 
providing a comprehensive description of the correct operation of 
the safety features and x-ray beam energies  – see Appendix IV

7.	 Statement from the 

consulted RPA

That they are satisfied that the unit is deemed suitable for full clinical 
use and confirmation that an appropriate QA regime and necessary 
medical physics support are in place

8.	 Proposed quality 

assurance (QA) 

programme

Details of the proposed QA programme along with the professional 
guidelines being followed

9.	 Operational stage risk 

assessment
Prospective analysis of risk including clinical pathways and potential 
accidental exposures - see EPA IRR19 guidance2

10.	Radiation safety 

procedures
Updated to reflect the addition of the new linear accelerator 

The EPA reserves the right to request additional information at any stage during the authorisation 
process.
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Appendix 1:	Dose constraints
The application of the principle of optimisation to the design of new radiotherapy facilities in which 
ionising radiation is to be used.

The Council Directive 2013/59 Euratom4 encourages the establishment and use of dose constraints within 
the context of optimisation of radiological protection. A dose constraint is defined as “a restriction on 
the prospective doses to individuals, which may result from a defined source, for use at the planning 
stage in radiation protection whenever optimisation is involved” and represents an upper bound on the 
outcome of any optimisation procedure. 

Dose constraints are intended to be used only during the design stage of any new build. When the 
facility is in operation the user must ensure that the dose limits as defined in IRR19 are met.  The EPA 
requires the following parameters to be adhered to for radiotherapy equipment:

1.	 Design bunker to an annual effective dose of 0.3 mSv using conservative radiation workload and 
taking usage (orientation) and occupancy into account at all accessible points.

2.	 Calculate Instantaneous Dose Rates (IDR) at points of interest using all beam energy/dose rate 
combinations e.g.,6 MV cFF 6 Gy/min, 6MV FFF 14 Gy/min, 10MV FFF 24 Gy/min, etc. 

3.	 Check that no IDR exceeds 30 µSv/hr. If any IDR(s) should exceed 30 µSv/hr, the shielding thickness 
must be increased to reduce the relevant IDR(s) to 30 µSv/hr.

Parameters Recommended values

Estimated working hours 2000

Annual dose constraint 0.3 mSv/yr

Maximum IDR 30 µSv/hr

Maximum IDR on the roof with controlled access 2 mSv/hr

Annual Dose Constraint
The EPA’s IRR19 guidance2 defines the annual dose constraint for members of the public to be 0.3 mSv 
for all new practices. This annual constraint shall be used as the accepted value for the design of linear 
accelerator bunkers in Ireland. The EPA recommends the same dose constraint of 0.3 mSv be applied to 
members of staff. However, it is acceptable to design to the higher dose constraint of 1mSv in supervised/
controlled areas, if all staff working in the controlled area are exposed workers.
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Instantaneous Dose Rate 
Instantaneous Dose Rate (IDR) is defined as the direct reading of dose in µSv/hr, at a point of interest 
averaged over a minute to avoid potentially erroneous results due to:

(i)	 the pulsed nature of many radiation sources;

(ii)	 their possible short duration; and 

(iii)	 the slow response time of many dose rate meters at low dose rates.  

The IDR should be restricted to ensure that the annual dose constraint of 0.3 mSv is not exceeded. The 
introduction of volumetric modulated arc therapy (VMAT), intensity-modulated radiation therapy (IMRT) 
and flattening filter free (FFF) operation have resulted in small fields; continuously moving gantry; and 
modulation of small beams, which would result in persons outside the bunker receiving doses less than 
the conservative estimates. Therefore, the EPA recommends using the annual dose constraint of 0.3 
mSv as the limiting factor for the shielding design of a linear accelerator and that the IDRs are reviewed 
to ensure that under operational conditions the values are acceptable for conservative estimates of 
workload and occupancy. This aspect of the risk assessment should remain under review to ensure the 
basis for the original design and workload remain valid and meet annual dose constraints.

Time Averaged Dose Rate 
The Time Averaged Dose Rate (TADR) is the IDR multiplied by the expected daily beam on time averaged 
over an eight-hour day taking account of workload and usage factors. The annual dose constraints 
detailed above must take account of both photon and neutron doses and can be determined using the 
TADR modified to take account of occupancy and use factors over a working year (2000 hrs). To use these 
dose constraints effectively it is important that all occupancy factors used are realistic and take account, 
as far as possible, of future changes in the use of adjacent areas. With the introduction of FFF operation, 
the additional higher dose rates and any resultant limitations by the IDR constraint must be considered.

Consideration should be given to the possibility of future plans to build above the roof when the 
shielding requirements for the roof of the bunker are being confirmed.  Where no such plans are 
envisaged, and where access to the roof can be restricted at all times while the linear accelerator is in 
operation, an upper bound on the IDR should be set at 2 mSv/hr.  It should be noted that the “skyshine” 
due to a dose rate of 2 mSv/hr or less should not pose a radiation protection problem, but consideration 
should be given to the protection of areas of occupancy which may overlook the roof and to a possible 
increase in background radiation levels for nearby nuclear medicine departments2. Future proofing 
should also be considered so that additional shielding is not required at a later date.
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Appendix 2:	Information required for the 
purpose of evaluating proposed 
bunker shielding prior to the 
issue of a commissioning only 
licence for a new/replacement 
linear accelerator

Radiation protection design criteria
A plan of the facility shall be reviewed and approved by the consulted RPA.  The consulted RPA shall be 
directly involved in the specification of the shielding for a new facility or in checking the adequacy of 
the shielding of an existing facility with a replacement linear accelerator in order to ensure the relevant 
dose constraints are met. Guidance on design dose constraints for radiotherapy facilities is provided in 
Appendix I.

Shielding assessment reports and calculations 
The consulted RPA must submit a shielding assessment report showing compliance with the EPA dose 
constraints, together with the drawings specified below. The report should summarise the calculated 
dose rates and annual doses at each of the chosen calculation points around the bunker and at the 
maze entrance. The calculation points should include the cardinal gantry angles; critical points where 
the thickness of the shielding changes; and the maze entrance. When calculating the consequences of 
head leakage at secondary barriers, consideration should also be given to the situation when the linear 
accelerator head is closest to the barrier and this target position used, as well as the averaged isocentre 
position in the calculations. 

The report should also include the background information and enumerate the radiation workload 
and calculation factors listed below. It is also helpful if the distances to the points of calculation from 
the target or isocentre of the linear accelerator as appropriate are tabulated for each bunker, together 
with the expected occupancy and use factors. The calculations may be supported by a spreadsheet to 
show the factors used in each calculation. The shielding assessment calculations and report must be 
verified by an independent RPA or MPE and submitted to the EPA as part of the commissioning purposes 
authorisation. 

The following information should be included in the report:

Background
	● Number of linear accelerators

	● Name of the manufacturer

	● Model(s)

	● General description of the site

	● Any particular radiation protection issues identified at the site, for example proximity of public 
areas or other areas within the facility 
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Radiation workloads
For each linear accelerator, provide the following information:

	● Energies of the x-ray beams to be used, together with their maximum dose rates.

	● Maximum number of patients to be treated per day.

	● Operation at different photon energies: the expected distribution of patients (%) over the x-ray 
beam energies.

	● Proportion of patients expected to receive IMRT at each photon energy.

	● Operation using electrons.

	● For IMRT patients, the proportion expected to be treated in FFF mode.

	● Dose per fraction for each treatment mode used.

When specialised techniques will be used, e.g., total body irradiation (TBI), stereotactic radiosurgery 
(SRS) or stereotactic body radiation therapy (SBRT), details of the number of patients, fractions/patient, 
dose/fraction and dose rate at each x-ray energy used should be supplied together with their impact on 
the shielding design.

Other calculation factors
For each linear accelerator and its bunker, the following information should be specified:

	● Target to isocentre distance.

	● Maximum field size at the isocentre.

	● Head leakage.

	● Tenth value layers (TVL) used at each energy for both primary and secondary shielding for all 
the materials used in the construction of the bunker and their reference source.

	● Position of calculation points with respect to the outer surface of the barrier, e.g., 0.3m

	● Reference source for the x–ray scatter coefficients used in calculating the scattered x-ray dose 
rates at the outer maze entrance.

	● Scattered neutrons - the methodology used to calculate dose rates and annual doses from 
neutrons and neutron capture gamma rays at the outer maze entrance at each x-ray energy if 
operation with x-rays at 10MV or higher energies is planned.

	● Use factors employed and their reference source.

	● Occupancy factors used for each of the adjacencies to the bunker and their reference source.

	● IMRT multiplication factor for extended beam-on time.

	● Densities of standard concrete, any high-density concrete or other shielding materials (e.g., 
interlocking high density blocks, lead, steel and earth) used in the facility. The extent of each 
material must be clearly indicated on the plans.

	● Working year for annual dose calculations, usually 2000 hours.



EPA – Guidance for undertakings on authorisation for a linear accelerator

10 Version 1.0

Requirements for review of drawings and shielding calculations 
The independent RPA or MPE will require plan and elevation drawings of the bunker design showing 
calculations points in order to review the shielding assessment.

The following information should be provided to the independent RPA or MPE for review, in either 
digital or hard copy format:

	● An architects’ plan of the site showing the position of the bunker(s) in relation to other 
buildings and should include the direction of north.

	● An architects’ plan(s) at 1:50 scale showing the layout of the bunker(s).  The plan must show 
the complete outer and inner walls of the bunker including the outer maze entrance and the 
position of the isocentre. Any areas with special features, for example areas of high-density 
concrete or additional steel plates, must be clearly indicated.

	● An architects’ elevations(s) at 1:50 scale showing orthogonal vertical sections through the 
bunker(s) in the plane of the isocentre. The elevations must show the complete outer and inner 
boundaries of the bunker and the position of the isocentre. Any areas in the roof or floor with 
special features, e.g., areas of high-density concrete or additional steel plates, must be clearly 
indicated.

	● Plan and elevation scale drawings showing the positions of the calculation points for the 
calculation of primary and secondary barrier thicknesses. These plans should also show the 
calculation points for any further calculations done to check the adequacy of barrier thickness 
at positions of potential weakness, for example where the barrier thickness changes rapidly or 
where there are penetrations by services.

	● The location and purpose of adjacent areas such as public areas, changing rooms, toilets, 
storerooms and offices as this will be used to determine occupancy.

	● The location and dimensions of access ways, exits, service ducts and other voids in the shielding.

	● It must be ensured that the “as built” plans were used.
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Appendix 3:	Information required from 
the RPA or MPE review of 
the consulted RPA’s shielding 
assessment and calculations 
report

An independent RPA (new or modified bunker) or independent MPE (existing bunker) must objectively 
review the consulted RPA’s shielding assessment and calculations report. The RPA or MPE must check the 
shielding calculations and verify that the bunker meets the required dose constraints. The following is 
a non-exhaustive list of the checks which the independent RPA or MPE must perform on the consulted 
RPA’s shielding assessment and calculations report:

	● Distances used in the shielding calculations to the calculation points from the linear accelerator 
isocentre or target position (taken from the drawing).

	● Calculation points – that these correctly reflect key or critical points around the bunkers.

	● Barrier thicknesses used in the shielding calculations (taken from the drawing).

	● Scatter and transmission of head leakage.

	● Transmission factors.

	● Intensity modulated radiotherapy (IMRT) factor.

	● Use factors.

	● Occupancy factors.

	● Wall, patient and leakage scatter factors – the values used to calculate the dose rate(s).

	● Scattered neutrons - the methodology used to calculate dose rates and annual doses from 
neutrons and neutron capture gamma rays at the outer maze entrance at each x-ray energy if 
operation with x-rays at 10MV or higher energies is planned.

On completion of their assessment and taking IPEM report no.753 and/or NCRP report no. 1515 into 
consideration, the independent RPA or MPE must provide a signed report confirming that the above 
items were assessed and that the shielding provided by the walls, maze layout and maze doors of the 
bunker is adequate to meet the EPA’s requirements of an IDR less than 30 µSv/hr and an annual dose less 
than 0.3 mSv at all readily accessible points.
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Appendix 4:	Information required prior to 
the issue of a licence for clinical 
use of a new/replacement linear 
accelerator

Radiation survey report
The consulted RPA must submit a report demonstrating that the facility is safe and complies with the 
EPA’s annual dose and dose rate constraints (see Appendix I).  It should contain the following:

	● Confirmation that the facility has been constructed or an existing facility modified to the design 
in the shielding assessment report (see Appendix II) approved by the EPA. If construction or 
modification of the facility deviates from the approved design, the consulted RPA must confirm 
that the radiation protection achieved is still consistent with the design objectives or confirm 
that the required protection will be achieved subject to the implementation of identified 
additional measures which should be explicitly stated and included in the appropriate sections 
of the operational stage risk assessment and radiation safety procedures.

	● A comparison of the measured and calculated dose rates for the largest field size at each x-ray 
energy and highest dose rate at each of the calculation points around the bunker chosen for 
the shielding assessment report without scatter material at the isocentre for measurements 
through primary barriers and with scatter material present to simulate a patient for secondary 
barriers.  The comparison should also include any other external locations where the radiation 
protection may have been compromised during bunker construction or modification.

	● A comparison of the measured and calculated x-ray dose rates at the maze entrance for each 
x-ray energy and highest dose rate with the largest field size with scatter material at the 
isocentre to simulate a patient.  Dose rates should be measured at the four cardinal gantry 
angles.

	● If operation with x-rays at 10 MV or higher energies is planned - a comparison of the measured 
and calculated dose rates for the neutron dose rate at the maze entrance with the linear 
accelerator collimators closed at each x-ray energy at 10 MV and above.  

	● Estimates of the annual doses at all sites based on the measured dose rates and the design 
parameters cited in the shielding assessment report.

	● Information on all the survey meters used to measure the dose rates, together with their most 
recent calibration certificates.

Where measured dose rates or estimated annual doses exceed the constraints, the measures to prevent 
access to the locations concerned during linear accelerator operation must be outlined. When this occurs 
on the bunker roof, it must be illustrated that the externally measured dose rates for all combinations of 
x-ray energy and dose rate do not exceed 2 mSv/hr limit to limit skyshine.

Independent radiation survey report
The report should include, or have attached, independent measurements of the dose rates measured 
under the same conditions at the same points by another RPA or radiotherapy MPE using a different 
calibrated dosemeter. Any significant differences between the dose rate measurements in the two 
reports must be explained.



EPA – Guidance for undertakings on authorisation for a linear accelerator

13Version 1.0

Critical examination report
The report should describe the engineering controls, warning lights and signs in and around the bunker 
and record that these have been assessed successfully during acceptance testing. 

Joint acceptance report
The joint acceptance testing report is based on an electronic proforma provided by the supplier, which 
is completed by a senior radiotherapy MPE from the centre and the installation engineer as they run 
though the acceptance tests, recording the results and their acceptability against set tolerances. The 
acceptability of the x-ray beam energies as part of this report will be used to check that the energies to 
be used in practice are those used in the shielding calculations.

Definitive calibrations remain important for patient safety. It is essential for centres to perform 
definitive calibrations to assure themselves that their clinical dosimetry is correct before treating 
patients. 
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