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Abstract.  The neutron beam facilities at the 20 MW OPAL Research Reactor were commissioned in 
2007 and 2008. The initial suite of eight neutron beam instruments on two thermal neutron guides, two cold neutron 
guides and one thermal beam port located at the reactor face, together with their associated shielding were 
progressively installed and commissioned according to their individual project plans. Radiation surveys were 
systematically conducted as reactor power was raised in a step-wise manner to 20MW in order to validate 
instrument shielding design and performance. The performance of each neutron guide was assessed by neutron 
energy spectrum and flux measurements. The activation of beam line components, decay times assessments and 
access procedures for Bragg Institute beam instrument scientists were established.  The multiple configurations for 
each instrument and the influence of operating more than one instrument or beamline simultaneously were also 
tested. Areas of interest were the shielding around the secondary shutters, guide shield and bunker shield interfaces 
and monochromator doors. The shielding performance, safety interlock checks, improvements, radiation exposures 
and related radiation protection challenges are discussed. This paper discusses the health physics experience of 
commissioning the OPAL Research Reactor neutron beam facilities and describes health physics results, actions 
taken and lessons learned during commissioning. 
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1. Introduction 

The Open Pool Australian Lightwater Research Reactor (OPAL) and associated neutron beam facilities 
were commissioned in stages from 2006 onwards. The Radiation Protection Plan [1,2] and associated 
radiation protection monitoring programs were designed and implemented throughout this process as an 
integral part of the design, planning and commissioning. During the first stage prior to fuel being brought 
to site radiological measurements were made to provide a background baseline. These included 
measurements of radiation dose rates at predetermined locations. These measurements were repeated at 
power steps of 380kW, 2MW, 5MW and 20MW when beam shutters were opened and neutron beams 
available. 

There are eight neutron beam instruments (NBIs) on five neutron guides, two thermal guides (TG1 and 
TG3), a thermal beam port (TG4) and two cold neutron guides (CG1 and CG3). These instruments are 
utilised by the Bragg Institute for neutron beam research and industrial applications. Seven of the eight 
instruments are located in the Neutron Guide Hall (NGH) situated adjacent to the northern end of the 
reactor building and are served by four of the five (two thermal and two cold) neutron beams coming out of 
the reactor. The other instrument – the Triple Axis Spectrometer (TAS, TAIPAN) located on the southern 
side of the Reactor Beam Hall (RBH) is installed directly off the reactor face and is served by the thermal 
neutron beam (TG 4). (see Fig. 1 and Table 1 for layout and instrument information.) 
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The primary shutters for beam facilities are located in the reactor shielding structure and the secondary 
shutters of all the instruments are within an enclosed shielded area referred to as the Neutron Guide 
Bunker in the NGH (except TAIPAN on TG4). Both types of shutters were designed and built by INVAP. 
The neutron guides and shielding outside the Bunker and the equipment comprising the NBIs, such as 
collimators, instrument drives, controls, detectors etc. were designed and built by ANSTO led by the 
Bragg Institute. Each instrument has an enclosure with an interlocked door around the sample stage and 
associated beam shutters and equipment.  Safety interlocks prevent access to the enclosure when beam is 
switched on within the enclosure. 
 

Figure 1: Schematic layout of neutron guide hall (NGH) and reactor beam hall (RBH) 

 

Table 1: Details of NBI, neutron guides and commissioning 

Name and 
application 

Neutron 
Beam 
Used 

Local Shielding/safety 
feature 

Commissioning status  
(July 2008) 

ECHIDNA (High 
Resolution Powder 
Diffractometer, 
HRPD) 

TG1 Interlocked Enclosure and 
shielded partition with 
interlocked light curtains 
between HRPD and HIPD 

Commissioned 

Currently in friendly user mode 

WOMBAT (High 
Intensity Powder 
Diffractometer HIPD) 

TG1 Interlocked Enclosure and 
shielded partition with 
interlocked light curtains 

Commissioned 

Currently in friendly user mode 
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between HRPD and HIPD 

KOWARI (Residual 
Stress Diffractometer 
RSD) 

TG3 Interlocked Enclosure Commissioned 

Currently in friendly user mode 

KOALA (Quasi-Laue 
Diffractometer QLD) 

TG3 Interlocked Enclosure Commissioned 

Currently in friendly user mode 

PELICAN (Time-of-
Flight/Polarised 
Analysis 
Spectrometer TOF-
PAS) 

CG1 Interlocked Enclosure Initial external surveys, 
completion end 2009 

QUOKKA (Small 
Angle Neutron 
Scattering,  SANS) 

CG1 Shielded collimation vessel 
and Interlocked Enclosure 

Commissioning surveys still to 
complete for all instrument 
sample configurations 

PLATYPUS 
(Reflectometer, REF) 

CG3 Shielding walls around 
Interlocked Enclosure 

Commissioning surveys still to 
complete for all instrument 
sample configurations 

TAIPAN (Triple Axis 
Spectrometer, TAS) 

TG4 Shielded enclosure with 
interlocks, secondary shutter 
in shielded instrument 
housing. 

Commissioning surveys still to 
complete for all instrument 
sample configurations 

 

2. Commissioning Radiation Protection Measurements 

2.1 Objectives and Activities 

Our objectives included the completion of the Health Physics Commissioning Tests for the neutron guide 
bunker shielding and for each of the eight neutron beam instruments. We then compared measurements to 
design criteria and provided advice on any findings outside the criteria. As health physics we gave 
support to commissioning performance tests on beam quality and characterisation mainly performing 
radiation dose rate assessments on the temporary shielding installed to control and minimise exposures. 
We ensured radiation safety systems met specifications and advised, monitored and controlled exposures 
during all commissioning activities. Part of this testing included the the performance of fenced enclosures 
around each instrument with an associated safety interlock system (SIS) designed to prevent persons 
entering these areas when high radiation levels may exist (i.e. when the instrument beams are on), and 
which, should barriers be breached, close neutron beam shutters to remove the radiation source [3].   
Performance of audible and visible warnings prior to and for the duration of the opening of instrument 
shutters and indicators showing shutter status. The criteria for the design of the instrument and guide 
shielding was to ensure external dose rates were between 0.5 and 3 µSvh-1. Design and testing of shielded 
containers for handling and transfer of irradiated monochromators also involved radiation safety advice.   
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Table 2 shows the dose and dose rate design objectives for shielding and personnel during operation and 
commissioning of all the beam facilities at OPAL.  

Table 2: Radiation Safety Objectives for OPAL and Beam Facilities [2] 

Reference Level 

Safety Criterion Descriptor 

Occupationally Exposed 

Worker 

Member of the 

Public 

 

Dose Limit 

 
20 mSv y-1

 
1 mSv y-1

 

Dose Constraint 

 
15 mSv y-1

 
0.1 mSv y-1 OPAL operation 

(0.3 mSv y-1ANSTO) 

 

ALARA objective 

 
2 mSv y-1

 
0.01 mSv y-1OPAL operation 

(0.02 mSv y-1ANSTO) 

 
OPAL Reactor 

Design objective 

 
<2 mSv y-1

 
<0.005 mSv y-1 (OPAL) 

NBeam Instrument Dose 
Rate on Exterior Shielding 

 
< 0.003 mSvh-1

 
N/A 

 
From October 2006 radiation surveys were performed at reactor power levels 2MW, 5MW, 20MW (with 
intial reactor block and bunker at 320kW prior to instruments being installed) [4,5]. For each instrument 
configuration and  reactor power, a survey outside each instrument enclosure was completed with the 
primary beam shutters (TG1-3, TG4, CG1-3) and instrument Secondary Shutter Open (one of TG1, TG3, 
TG4, CG1, CG3) and each of the respective instrument Sample (Tertiary) Shutters Open. Radiation Base 
points (RBP) were selected along the beam line height as fixed (marked) locations where reproducible 
gamma and neutron dose rates were measured at contact with the external surfaces. In addition a survey 
inside each instrument enclosure was performed with the Secondary Shutter Open and each of the 
respective instrument Sample Shutters Closed. Both sets of commissioning surveys were completed to 
confirm radiation conditions are acceptable outside the enclosures and instrument shields and also inside 
the enclosure with the sample/tertiary shutter closed (to carry out a sample or instrument set up change). 
Commissioning surveys at full beam (20MW) were also repeated with multiple instrument operation 
where instruments where located in close physical proximity and of interest were the offices alongside the 
instrument enclosures and bunker shielding. Stage D Performance tests on NBIs are in progress.  

2.2 Shielding design and modifications 

The Neutron Guide Bunker contains four neutron guides (TG1, TG3, CG1 and CG3) housed inside 
vacuum jackets that radiate from the reactor face into and along the bunker. These guides leave the 
bunker and pass into the out of bunker shielding which meets up with the instrument monochromators 
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(shielded) or associated instruments. The bunker is shielded with walls, roof and floor of concrete slabs. 
The out of bunker shielding materials include lead, concrete, Elastobore, Deurabore, borated polyethylene 
and borated aluminium alloy. Borated glass was used in the windows of offices adjacent to selected 
instrument enclosures. Deurbore was designed at ANSTO and consists of boron carbide in a polymer 
resin cast into sheets and other shapes as required. Deurabore together with the other shielding materials 
was used around the bunker, primary and secondary shutters, along the guide tubes and beam paths, to 
shield neutrons (various energies) and gammas produced. Shielding constructed from Lead 
(96%)/Antimony (4%) alloy is self supporting and readily cast into large pieces, upto 1500kg. Fig. 2 
shows such a piece for the beam line shielding and Fig. 3 shows samples of Elastobore, Deurabore, 
borated polyethylene, and borated aluminium alloy. 

Figures 2 and 3: Lead guide shielding and samples of neutron shielding 

  

Additional concrete shielding material was added inside the bunker as a permanent shield structure and as 
removable blocks in front of the future neutron beam ports hot shutters (HB1 and 2) and CG4 cold shutter 
in the reactor beam hall. At the bunker –beam line interfaces in neutron guide hall additional shielding 
(consisting of steel and Elastobore) was inserted between the lead around the guide tubes and the guide 
tube. This was added to lower neutron and gamma external shield dose rates which had been identified at 
lower reactor powers. Similary with additional lead inserts in the monochromator door shields and flight 
path snouts for sample areas in Wombat and Echidna. Redesign of beamstops and the addition of gamma 
area dose rate monitors (with alarm capability) to check beam scatter from monochromator and teriary 
shutter shield has also been implemented for two instruments.  

 

2.3 Results and Observations 

2.3.1 Neutron Guide Bunker and Shutter Survey Results 

The Neutron Guide Bunker was the first large shielded area to be tested in NGH at low power (320kW) 
with primary shutters (TG1-3 and CG1-3) opened and secondary shutters closed. The surveys showed the 
shielding met the criteria for dose rate design. As the power increased and 20MW operation continued at 
this level for an operating program comprehensive radiation dose rate mapping of all external surfaces 
was completed.  At 20 MW operation, with primary shutters open the majority of accessible bunker shield 
surface dose rates were found to be in the range 0 to 3 µSvh-1. However there were localised areas with 
up to ten times this upper criteria level. The largest of these areas was the east bunker wall closest to TG1 
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beam line resulting in >3 µSvh-1in adjacent offices and workshops outside the NGH. Investigations and 
assessments of n,γ interactions, calculations and then trials of neutron and gamma additional shields were 
performed. This resulted in concrete slabs being added between the TG1 beam line and bunker east wall 
inside the bunker during 2007. This has reduced the dose rates to acceptable levels in the offices and 
adjacent rooms. 

Surveys external to the primary shutter covers revealed that with the primary shutters closed the dose 
rates were similar to the design calculations. Three of these primary shutter areas were either inaccessible 
(inside bunker, TG1-3, CG1-3) during beam operation or had a shielded instrument housing attached (as 
with TG4, TAIPAN). The remaining two primary shutter areas were at CG4 and Hot shutters HB1 and 2 
at the reactor block face in the reactor beam hall (RBH). The hot shutter dose rates were generally < 3 
µSvh-1 and had two areas where dose rates were between 50 and 2000 µSvh-1 gamma at contact with the 
external face, Fig. 4 shows these locations highlighted in red, before shield concrete blocks were  
positioned directly in front. Lower gamma levels were observed for CG4 shutter externals and it was also 
decided to place temporary shield blocks in position which could be relocated when an instrument was 
available for this beam line. The location of the shutter drive mechanisms with less shielding than 
adjacent shutter areas explained the elevated dose rates. 

Figure 4: HB1 and 2 external face plate in RBH  

 

 

 

2.3.2 Instrument Survey Results and Observations 

Thousands of measurements were performed by Health Physics staff over a period of almost two years as 
per the NBI commissioning schedule with measurements at 0 MW (baseline), 2, 5 and 20 MW (Fig. 4-8). 
The safety interlock system for each instrument was fully operational for all surveys performed at full 
beam (20MW equivalent). The number of Radiation Base Points (RBP) for each instrument and 
associated beam line shielding varied (SANS had a large number due to its length and size). Gamma and 
neutron dose rates were measured at contact with the external surfaces (both inside and outside each 
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instrument enclosure) for instruments operating independently and simultaneously [6]. These surveys 
have identified that the majority of areas meet the design intent of a combined gamma and neutron dose 
rate of between 0.5 and 3 µSvh-1. 
Figure  5 : View of Neutron Guide Hall showing part of the instruments on TG1, 3 and CG1 beamlines. 
  

 
 
As the surveys progressed, design changes were required in some localised areas where external dose 
rates did not meet the design criteria. ANSTO has undertaken a number of approved design changes 
through the addition or reconfiguration of shielding. Steel plates were inserted between the standard lead 
guide shielding and the guides as near to the guide-bunker interface as possible. Borated material was 
inserted between steel and lead. The aim of these plates was to try and reduce dose from the guide-bunker 
interface. Lead inserts were designed and installed inside the rear door of the monochromator shields. The 
installation of these lead inserts substantially reduced the dose rates detected at the door edges. For 
several of the instruments the shielding along each of the beamlines was reconfigured, adding a 
permanent fixed lead collar before the sample position as well as a redesigned beamstop. Lead coverings 
for flight path snouts reduced scatter within the sample enclosures. These changes have reduced the dose 
rates for the instruments fully commissioned on TG1 and TG3 beamlines.  
 
Where the contact dose rate were slightly higher than the maximum design criteria, the occupancy factors 
for these areas has been analysed and is assessed to be suitable for the radiological classification of the 
area. Identification of these very localised areas as “No Loiter” zones and the use of Administrative 
controls (instrument instructions, signage) are assessed to be sufficient for controlling exposure levels 
within the Radiation Controlled area. The area between adjacent instruments during multiple instrument 
operation and offices surrounding the instruments have been surveyed and the results indicate that the 
majority of measurements meet the design criteria. Keeping control and track of the safety of personnel, 
design changes and instrument configurations was successfully performed with a huge team effort from 
all involved. 
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Figures 6 and 7 : Radiation surveys around TG1 ECHIDNA and TG4 TAIPAN 

 
 
 
 

 

 

 

 

 

 

 

Figure 8 : Radiation surveys around CG3 Platypus 

 

 4. Conclusion 
 

The organisation and co-ordination of health physics activities and commissioning tests was successfully 
completed for four of the Neutron Beam Instruments with the remainder to be completed in the next 
several months. It was established that the shielding and safety design features met the design criteria in 
the majority of areas. The dose rates  at the bunker/ guide interfaces and some bunker surfaces were 
higher than the expected design calculations. 
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Those areas and shielding locations which were found to be slightly higher than expected have been 
addressed and the dose rates and levels lowered to meet the potential personal exposure criteria by the 
addition of shielding or by the restriction of access. 

ANSTO staff individual doses for the period of initial operation and NBI commissioning have been below 
0.2 mSv/month and so radiation safety objectives are being met. 

Personal doses and plant dose rates are continuing to be comprehensively monitored very closely during 
completion of all neutron beam instrument commissioning by Bragg Institute and ANSTO personnel and 
during operation / utilisation by visiting scientists to ensure ALARA, and that our radiation safety 
objectives continue to be met. 
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