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Abstract 

A possibility to irradiate extended objects in a gamma field inside the shielding 
water tank and above the core of operating TRIGA Mark II Reactor has been 
investigated. The irradiation cask is shielded with Cd cover to filter out thermal 
neutrons. The dose rate of the gamma field strongly depends on the distance of 
the irradiation position above the core. At 25 cm above the core, the gamma dose 
rate is 2.2 Gy/s and epithermal neutron flux is ~ 8.106ncm~23_1 as measured by 
TLD (C0F2 : Mn) dosimeters and Au foils respectively. Tentative aplications of 
the gamma irradiation facility are in the studies of raditation induced accelerated 
aging and within the Nuclear Power Plant Equipment Qualification Program (EQP). 
A complete characterization of the neutron spectrum and optimization of the 7 
radiation field within the cask has still to be performed. 

1 Introduction 

Irraditions in strong mixed gamma/beta radiations fields with peak dose rates of a 
few Gy/sec are of interest for the research of radiation effects. Radiation testing of 
materials, parts and equipment within the accelerated aging studies and studies of 
consequences of accidents one nuclear power plant equipment and environment is an 
important part of the Qualification Testing Evaluation (QTE) programs in several 
developed countries. Normally most radiation testing is done using fixed-energy 
gamma sources (typically 80Co). As suitable irradiation facilities based either on 
fixed energy gamma sources or accelators are not always available, especially if larger 
parts of the equipment are to be tested, we investigated the possibility to exploit the 
high intensity gamma field of the operating TRIGA Mark II Reactor for the out of 
core irradiations of extended objects. A prototype Cd covered irradiation cask has 
been constructed. In this communication preliminary experiments using this cask 
for trial irradiations of several electrical and electronic components were performed 
up to the accumulated gama dose in excess of 2 MGy. Experiments to characterize 
the mixed n/7 irradiation field in the water tank above the core of the operating 
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TBIGA reactor will be described. Based on the few trial irradiations plans for future 
development of the irradiation facility will be discussed. 

2 Irradiation facility and the geometry of irradiations 

For the irradiations in the water tank of the reactor shielding a cylindrical irradiation 
cask has been constructed. Dimensions and other details of the construction are 
given in the Table 1. The cask is sealed with a Viton seal and a special plastic putty 
to prevent the ingress of water when immersed 5 m deep in the water during several 
days long irradiations. The cask is completely wrapped into a removable Cd cover 
(1 mm) to filter out the thermal neutrons. The cask is lowered on an Al stand to a 
fixed irradiation position above the core. Normally a position on the rim of the core, 
near a reflector is chosen to avoid the interference with other experiments and to 
facilitate the handling with the cask. To achieve the unformity of the absorbed dose 
in the object due to the gradient of radiation intensity in the Z-axis and due to the 
attenuation of the radiation in the object itself the cylindrical cask can be rotated 
around its longer axis. The parameters of the njf radiation field depend primarily 
on the Z distance of the cask from the core and were experimentally determined. 

Table 1: Construction data of the irradiation cask 

dimensions: <j> 18 x 20 cm (5080cm3 useful volume) 
constr. material: aluminium (1,5 vom thick) 
neutron filter: Cd sheet (1 mm), removable 
position: Al stand usually positioned at the 

core rim near graphite reflector, 
vertical distance from the core can 
be adjusted 

range of vertical 
distance: 10 - 75 cm above the core 

3 Characteristics of the gamma and neutron radiation 
field 

The following preliminary experiments were performed: 

• measurements of the variation of the gamma ray dose rate, epithermal and fast 
neutron flux with the vertical distance from the core in the water tank 

• measurement of gamma dose rate and neutron flux distributions within the 
irradiation cask 

The gamma dose rates were measured using calibrated TLD dosimeters, based 
on CaF2 : Mn sintered pellets (<£18mm, 1.6 mm thick). TLD dosimeters and the 
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adapted dosimetric reader were the same as developed and used at IJS for accidental 
dosimetry (3). The reader has been modified to measure the gamma ray doses in 
the range from 0.01 kGy and up to at least 2 kGy. The TLD dosimeters (pellets 
within Pb energy correction filter) were calibrated in the radiation field of the point 
*QCo source (~ 10135g). The supralinearity of the detector response was verified up 
to the absorbed dose of 2 kGy and is apparently limited only due to the overloading 
of the reader. The TLD dosimetry has been found as very versatile and practical 
method to perform almost point like gamma dosimetric measurements in the remote 
and inaccessible irradiation cask, where other instrumented methods (e.g. gas flow 
ionisation chambers) are impractical. However, for the measurements of the inte
grated gamma doses in excess of 1 MGy other dosimetric methods should be used 
as for instance various glass dosimeters or some fibre optic materials (4,5) . 

The variation of the gamma dose rate with the distance from the core has been 
measured by simultanecously irradiating TLD dosimeters and activation detectors 
in Al cans (<£ 5 x 12cm), covered by Cd (1 mm) and positioned along the Z-axis at 
selected distances from the core. The gama dose rate and expithermal neutron flux 
(measured with Au-foil) are given in Table 2 and presented in Fig. 1. 

Table 2: Characteristics of the radiation field 

Position above Gamma Dose.Rate. ^ <j>epi(Au) 
(cm) Gy/s (Gy/cm • s) (n/cm2s) 

25 2.21 0.03 7.8.106 

50 0.67 0.01 9.4.104 

75 0.17 
100 0.03 
150 < 0.004 

Variations of the gamma dose rate at 20 cm distance < 15 % across the 18 cm 
distance in x-y plane 

Dose rates in the range 0.1 to 4 Gy/s. can thus be achieved. Epithermal and fast 
neutron component of the radiation field are due to the attenuation in the water layer 
greatly reduced, however they are negligible only for the irradiation positions higher 
than 50 cm above the core. Trial irradiations of various electrical and electrical 
materials and parts 25 cm above the core (D-, ~ 2 Gya~l) for a period of 288 efp 
hours of irradiation time (interrupted irradiations) and after 2 weeks of cooling time 
revealed that the activation of all irradiated parts including the stator segment of 
an electric motor (1.1 kg) was sufficiently low to allow the testing of the equipment 
in a laboratory, which is not equipped to handle the radioactive materials. However, 
after testing the eventually present radioactive scrapp materials and active objects 
had to be collected and disposed as low activity radioactive waste. Contact (7,/?) 
exposure rates measured on the surface of typical irradiated test objects after 2 
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weeks of cooling time are quoted in Table 3. 

Table 3: Contact exposure rates of typical objects, irradiated 25 cm above the core 
(irradiation time 288.8 efp hours) after 14 days of cooling time 

Equipment £>(/? + 7 ) D{i) 
(C/kgh,mr/h) (C/kgh,mr/h) 

stator segment of electro- 7.7 x 10"7, 3.0 5.2 x 1CT7, 2.0 
motor (1.1kg) 

electric cable - silicon insu- 7.7 x 10~7, 3.0 2.6 x 10 - 8 , 0.1 
lation (02.5mm, 3m) 

araldit (100 X 50 x 4mm) 9.0 x 10 - 7 , 3.5 5.2 x 1Û-8, 0.2 

guideway (feed through) 3.1 x 10~7, 1.2 1.0 x 10"7, 0.4 

Instead of Cd filter or in addition to it other neutron filters / ß ray converters 
could be used to increase the proportion of penetrating beta radiation. It has to be 
mentioned that due to the activation of the Cd filter the opening of the cask should 
performed with a hand manipulator beyond a Pb wall. 

At irradiation distances lower than 30 cm the fast neutron flux is of the order of 
108ncm~23 -1 as measured by In foil. Using tabulated kerma factors (6) and rather 
conservative calculation it can be shown that the contribution of fast neutrons to 
the radiation damage of simple organic materials as lucite or nylon is smaller than 
0.01 MGy for the irradiation time of 10ôs (neutron ßuence 1014ncm~2). For organic 
materials as well as for most metals the radiation damage due to fast neutrons is 
in our case negligible in comparison with the radiation damage due to gamma rays. 
However,if the irradiated materials contain strong neutron absorbing nuclides the 
contribution of the neutron field to the total dose can no more be negligible. To 
accurately asses the radiation damage a complete knowledge of the neutron spectrum 
is needed and it has to be measured. 

Future plans are to construct somewhat larger (<j> 30 x 30 cm) irradiation cask 
to be used within domestic EQP. 
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Figure 1: Variation of the gamma dose rate O and epithermal neruton flux o (Au 
foil) with the distance from the core in the TRIGA water tank 
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4 Conclusions 

• We have demonstrated, that irradiations of extended objects in an intense 
gamma field of operating TEIGA reactor in excess of 1 Gy/s and without sig
nificant interference of epithermal and fast neutrons are feasible. The integral 
dose in excess of 2 MGy as required by some Nuclear Power Plant Equipment 
Qualification Procedures can be achieved in less than 12 efp days of TRIGA 
operation. The actual testing can be performed after about 10 days of cooling 
time. 

• Gamma dose rates of a few Gy/s can be achieved by properily selecting the 
irradiation position above the reactor core tank. 

• The tentative applications are within Nuclear Power Plant Equipment Qalifl-
cation Program are foreseen. 
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