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1. Introduction 

Until recently the use of reactor neutrons for radiobiological 
research - both theoretical and applied - was complicated by lack of 
control over the quantity and quality of radiations in the irradiated 
sample. 

For example, the neutron irradiation of seeds, an important tool in 
genetic studies and mutation plant breeding, has been hampered by diffi
culties in determining neutron and gamma doses and in obtaining repeatable 
and comparible results. To improve this situation, the IAEA and FAO in 
I966 initiated an international co-ordinated research program for the 
standardization of neutron irradiation facilities for radiobiological 
research. Taking part in the program were 16 research institutes and 
reactor centres throughout the world. 

Among other activities, the program emphasized also the application 
of standard dosimetric methods and measurement of biological response to fast 
neutrons using barley seedlings. 

As a result of the development of a standard neutron irradiation 
facility (SNIP) within this program by the Austrian Atomic Energy Research 
Organization in Seibersdorf [l], radiobiological studies can now be per
formed using the fast neutrons of pool-type reactors. These studies in
clude irradiation of seeds for crop improvement, of Drosophila for genetic 
studies, and of microorganisms for developing industrially useful mutants, 
as well as fundamental studies in radiation biology. 

The SNTP's located in six pool-type reactors (in Austria, Bulgaria, 
India, Philippines, Thailand and Taiwan) have been calibrated and utilized 
to compare the response to fast neutrons of barley seeds (variety Himalaya 
CI 000620) which were selected as a standard biological monitor by which 
to estimate neutron fluxes in different reactors. These comparative 
irradiation studies showed excellent agreement and reproducibility [2J. 

2. Development of Standard Irradiation Facilities for TRIGA-reactors 

It is desirable to encourage other reactor centres to use standard 
irradiation facilities for neutron radiobiology experiments. For this 
reason, the SNIP design was modified for use in TRIGA-reactors now operating 
in many countries. The following two aspects determined the difference 
between the designs of the facility for TRIGA-reactors and the SNIF: 

l) The limited space available in the pool of a TRIGA-reactor between 
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the reflector and the pool wall (distance: 43 cm; see Fî r. l). 
2) The maximum power limitation of 2 MW for TRIGA-reactors. 
Two types of facilities, one using lead plus boron (LTIF) and the 

other depleted uranium (TIF) to shield out gamma radiation and thermal 
neutrons, were designed by Austrian Atomic Energy Research Organization I 
These facilities were made on the basis of the measurements of the gamma 
dose and neutron fluxes in the TRIGA-Mark II-reactor in Vienna and in 
the SNTP used since November 1966 in Astra-reactor in Seibersdorf |1, 4J. 

The TIF (Fig. 2) is a depleted uranium (0,4 cl 2^ 5U) cylinder clad 
by aluminium to prevent the release of fission products. Irradiation 
space for samples or ionization chambers is 40 mm dia. and 210 mm long. 

Lower part of the sample holder provides three symmetrical (with 
respect to the axis) positions for standard seed containers (16 mm dia; 
60 mm long). The upper part is a 70 mm long lead plug covered at a 
top by 1 mm of cadmium. The plug shields seeds from scattered thermal 
neutrons and gamma rays. 

The radioactivity of the TIF after a longer irradiation period 
offers no serious problems. For example, after an exposure time of 
12 months at a reactor power of 100 kW and a cooling time of 5 months, 
the dose-rate at a distance of 1 m from the facility is approximately 
100 mR/h [3]. 

The fast neutron (D ) and gamma (DJ dose rates referred to water 
in LTIF and TIF at a reactor power of 100"kW [3] are shown in Table 1, 
the distance of each facility centre from the reflector being 30 cm. 
The biological influence of gamma rays (D_J and thermal neutrons (D + h) 
on barlgy seeds (with 5 % N-content and lO^ppm °B) given 1000 rad dose 
of fast neutrons is also shown. 

3]. 

Table 1 
Comparison of the LTIF and TIF 

Irradiation! approx. 
time ; cost * 

Facility Dia- ; % 

I meter of D_ 
! facility! 
j (cm) j(rad/s) 

n D, 
(rad/s) . 

n' fr D, DA t ' "th 
(k rad) , (k rad), i£L us$ 

LTIF 
TIF 

25 
19 

0.55 
1.02 

0.50 
0.28 

1.1 
3.75 

1.2 
O.36 

20 
1.6 

2450 
1320 

! 600 
12400 

* Based on estimated or actual costs from I967 for LTIF and from 
1970 for TIF (NUKEM, Fed. Rep. of Germany) 
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It is impossible to give a fixed value to the acceptable gamma 
radiation levels in neutron irradiations because of the wide range of 
^relative biological effectiveness (RBE) factors occuiring with neutron 
irradiation. A gamma contribution of 10 fo or less to the total dose equi
valent (DE = RBE Xdose) is usually acceptable in a neutron exposure. The 
lowest RBE factor reported for the biological effectof fast neutrons under 
study should be assumed. The thermal-neutron contribution to a fast-
neutron irradiation should usually also not exceed 10 <fo of the total dose 
equivalent [5]. 

Since the shortest irradiation period should not be less than 
2 - 3 min., a fast neutron dose rate of 5 rad/s is about the highest prac
tical value for seed irradiation [4J. 

A pneumatic rabbit system for TIF and LTIP was designed also (Fig. 5) 
[3] to reduce the large contribution to the total gamma dose which is 
caused first by a slow passage of the sample container through the high 
gamma irradiation field existing above the facility (the ratio of the maxi
mum gamma dose above the facility to the gamma dose inside it was measured 
in SNIF to be approximately 500 [3]), and. second by the intense scattering 
of the gamma radiation by water into the irradiation position. 

Both these facilities satisfy the requirements for irradiating 
biological material with fast neutrons in TRIGA reactors. However, if there 
are space limitations in the pool of the TRIGA reactor in which the 
facility should be installed and higher D /D-» and D A>+, ratios are 
important, the TIF is obviously preferable. It is smaller than the 
lead shielded facility and provides better gamma shielding. Due to a high 
thermal neutron absorption cross section, it reduces the thermal neutron 
flux without any additional absorption material necessary in a lead-shielded 
facility, and finally, it increases the fast neutron dose owing to the 
fission of 235u in the shielding material by thermal neutrons. For example, 
fast neutron dose-rate in the TIF D = 1.02 rad/s (see Table l) consists 
of I) core = 0.47 rad/s originated from the reactor core, and 

D shield = O.55 rad/s from the uranium shield of facility, contribution 
to the gamma dose rate from the uranium shield being negligible. 

There is some advantage to an irradiation facility in which fast 
neutrons are generated by a converter (fission plate) in a thermal column. 
Such a standard irradiation facility (TCIF) for use in thermal columns in 
particular of TRIGA-reactors, was therefore developed within the IAEA 
program [7]. 

Construction of the TCIF (Fig. 4) was similar to that of the TIF 
except that a lead-boron filter was placed in front of the TCIF. Gamma-rays 
were attenuated by this filter and thermal neutron flux was shaped in such 
a manner that a parabolic fast neutron flux distribution along the axis 
of the facility was obtained inside the irradiation space. Outer dimensions 
of the TCIF were 99 x 99 x 185 mm, so that it could closely fit the hole 
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in TRIGA thermal column. The facility provided net irradiation space of 
40 mm dia and 130 mm long. Its weight is about 3° kg. 

The bottom of the channel is about 90 cm from the center of the 
core. It is possible to operate the facility in the whole range of 
channel length. 

3. Calibration of Standard Neutron Irradiation Facilities for 
TRIGA-pool and Thermal Column 
In order to be able to use the standard neutron irradiation 

facilities properlyj they should be calibrated for fast (T) ) and thermal (D + h) 
neutron and gamma (D*v) dose rate distributions in the irradiation space. 

The calibration of the two aforementioned standard irradiation 
facilities for use in TRIGA-reactors and in their thermal columns were 
performed at the "Jozef Stefan" Institute. Ljubljana, Yugoslavia. 

The TIF was installed in the pool of the TRIGA-Mark II reactor and 
the TCIF in the central channel of its thermal column. 

In Ljubljana the transfer of samples was performed manually. To 
decrease gamma dose during transportation of the sample into the facility, 
the lower end of the connecting tube was shielded from thermal neutrons and 
gamma rays by 1 mm of cadmium and 15 mm of lead. 

Because of existing flux gradients in the sample container, the 
axial and angular dose rates as well as fast-
flux distributions have been measured at dij 
TIF centre from the reflector and the TCIF irradiation space bottom from 
the thermal column channel bottom. 

.n "tne sample container, the 
tst- and thermal (<b , )-neutron 
Lifferent distances {d) of the 

The main results obtained are shown in Table 2. 

Table 2 
Performances of the TIF and TCIF' 

P n 7 £*[ fth th' n** n' n T> D r 

)|(rad/s) (n/cm2s)j (%) ; (%) (raci) 1 (rad) 
Facility d 

(cm) 
ft n 
(rad/s 

TIF (exp) [8, 9] 

TIF (calc) [3, 8] 
Deviation {%) 
TCIF (exp) [8] 
Requirements 

15 
22 
29 
30 
30 
20 

25.0 
4.4 
1.2 
0.76 
30 
6.0 

0.1-5 

5.0 
0.84 
0.26 
0.28 

12 
2.7 

5-0 
5-1 
4.8 
2.7 
78 
2.2 

>/ 

"4^50" 

3.3 .1C 

2.3 .10 

2.6.10 

0.4 

0.16 

3.5 

250 
?.3l 2.5 

< 10 I <5 

13 
6.5 
5 

1.0 

4 
1.5 
0.3 

0.8 



In this table all the dose rates and doses are given for the sample 
centers which are 5 cm and. 4 cm far from the bottom of irradiation space in 
TIP and TCIF, respectively. 

All results were normalized to reactor' power of 100 kW and doses 
were referred to CH, except D.,/D which are given in Table 2 for 5 $ °f 
nitrogen and 10 ppm of boron. 

» /• 
A D /D is a maximal deviation in axial direction of the fast neutron n n dose rate in a sample from the average one due to unhomogeneous neutron 

flux. 

D|t~ and D ~. are gamma and neutron doses respectively, received by 
a sample during its transferring to and out of the facility with a speed 
of 1 m/s. 

The angular asymetry of D in TIP is about 10 % at d = 22 cm. There
fore to achieve the uniform irradiation of all the samples, the1rotation 
of the sample holder around its axis during the irradiation is necessary. 

After extrapolating the values D , 
D^and D /DL* measured at d = 15 cm, 22 cm and 29 cm to d= 30 cm, it was 
found that discrepancies between the measured values and ones calculated 
in Seibersdirf [3] for the same position of a sample are sufficiently 
higher than the estimated error of^measurements. For example, the 
measured and calculated values of D /D-, - which is one of the most 
important for seed irradiation - diPfer by a factor of 1.8. 

Probably, the complicated geometry of the pool near the tangential 
beam tube and the influence of reactor operation affect the results 
and make comparisons difficult. 

Although some problems related to the standard neutron irradiation 
facilities are yet under investigation, it may now be stated with 
assurance that both the facilities represent a sound basis for the 
utilization of TRIGA-reactors for radiobiological research. Therefore, 
it is recommended that TRIGA-reactor centres consider application of 
these facilities to problems of biological and agricultural significance. 
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Fig . 3: Pneumatic sample t ransfer system for TIP [?J 

rradiation 
position Uranium Teflon Pb Cd 

-v^?=w mmMmmc^t^ 
A/ / / / / /• / , AS-rC /( " ' 

% L J 
i V 

/ /y / / /f;> ?m& 

% 

•y-7-rrrr7-ryy-J'/ / -pSZJHcTZSEZZZ: 

Sample or ionization 
chamber 5cm 

=r~n: Pig. 4 , 
Cross sectional view of the TCIF [8j 

4-54 




