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Radiation Intensity Levels and Air and W a t e r Activities 
Observed with the IEAR-1 Swimming 
Pool Reactor at 5 Mw 

By R. Ribeiro Pieroni,*^ S . B . Herdade, * W i l m a 5. Hehl * and C . Rodrigues Pereira «t 

Prel iminary results of the radiation levels observed 
during the operation of the Brazi l ian I E A R - 1 swim­
ming pool reactor a t power levels of 1, 2 .5 and 
5 Mw are described. 

The details of the reactor and its building have 
been described in another paper. ' T h e reactor 
shielding consists of light water and barytes concrete 
and was designed to reduce the radiation level to 
1 mr/hr in all the working areas and to 3 .75 mr/hr 
at the surface of the pool above the core when the 
reactor is operated at 5 Mw. 

The pool is th i r ty feet deep and the side walls, at 
the first floor level, are const i tuted of eight feet of 
barytes concrete of a density higher than 3.5 g/cm^ 
plus 4.5 feet of water in the ' radial direction at the core 
level. Most of the ac t iv i ty found in water for powers 
smaller than about 1 Mw is due to N '" formed b y a 
(n, p) reaction in 0 ' * . Due to the short half-life 
[7.3 sec) of this isotope its ac t iv i ty can be prevented 
from contr ibut ing great ly to the dose at the surface 
by using a long return path for the water leaving the 
core. T h e installation of a retention t ank was con­
sidered, but was later discarded in favour of a dif­
ferent system which should be more efficient. Such a 
sys tem consists of spraying hot water on the pool 
surface in order to form a hot water cushion of about 
two feet thickness above the pool circulat ing water. 
Such a system should also be very efficient for de­
creasing the act ivi t ies due to Na^^, fission products 
and o ther impurities exis t ing in water , which could 
be ac t iva ted ei ther by fast or slow neutron irradiation. 

R A D I A T I O N L E V E L S A T H I G H P O W E R 
O P E R A T I O N 

Results at 1 Mw Level 

W i t h the core a r rangement described in another 
paper ^ the power was raised in hundred ki lowatt 

* Inst i tuto de Energ ia -atómica, São Paulo, 
t On leave of absence from the Universidade de São Paulo. 
' On leave of absence from the Universidade de Minas Gerais. 

steps until a power level of 1 Mw was a t ta ined. A 
complete survey of the radiation levels in the interior 
of the building was made and the air ac t iv i t ies were 
measured b y means of Milipore filters and a MAP-1 
air part iculate detector . T h e act iv i t ies from the 
filters were measured by means of a Geiger counter , 
a scinti l lation counter and a scinti l lat ion spect ro­
meter . W a t e r samples from the pool water were 
measured by means of a well crystal sc int i l lometer . 
During these measurements the reactor power, at the 
different power leve l steps, was kept cons tan t . Up to 
power levels of the order of 5 0 0 kw the radiation 
level in the building and at the pool surface was 
within the tolerance level. T h e gamma- ray dose at the 
surface of the pool was found to be 0 .75 mr/hr . 

A survey was made in the basement with the fol­
lowing results: input to the heat exchanger 4 0 0 mr /hr ; 
main pool water circulat ing inlet 2 0 0 mr/hr . Tl ie 
neutron level observed at the bo t tom of the pool in 
a position adjacent to the pr imary circulat ing water 
pipe was 1.5 mrep/hr (fast) and 5 nv ( thermal) . T h e 
radiation level in the basement room averaged 
10 mr/hr. 

At 1 Mw power level the radiation intensi ty on the 
pool surface was found to be a m a x i m u m in the 
neighbourhood of the position corresponding to the 
thermal column, where it was found to be 10 mr /hr ; 
this intensi ty was higher than the one observed at the 
bridge position and was due to a large turbulence 
produced by the water returning from the heat e x ­
changer. Under the bridge the radiation level was 
5 mr/hr and on the bridge it was smaller than 1 mr/hr . 
At the pool side rails the g a m m a ac t iv i ty v.'as found to 
be smaller than 1 mr/hr . 

T h e instantaneous air-borne par t icula te ac t iv i ty as 
measured after one hour of cont inuous operation of 
the air pumps at 1.4 f t ' /min was 2 5 0 0 c/min. This 
ac t iv i ty is higher than the background and the same 
increasing ac t iv i ty was found with the M A P - 1 . The 
water ac t iv i ty , as measured in a well sc int i l la tor 
with a 3 cm* water sample, was found to be 1 7 0 0 c /min. 
In the control room the radiat ion level was sl ightly 
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higher than background whereas the par t iculate air 
ac t iv i ty was within tolerance. 

On the ground floor the radiation intensit ies were 
found to be below tolerance level with the except ion of 
the area in the neighbourhood of the beam hole A 
where the g a m m a radiation intensi ty was 1.5 mr/hr 
and the fast neutron intensi ty about 2 nv with a 
thermal neutron level about iive t imes higher than 
the fast level. Such an intensi ty was found to be due 
to a faulty beam hole plug which produced a s t ream 
of neutrons and gamma rays over an area of about 
5 cm-. I t was definitely not due to irregularities 
in the concrete . T h e beam hole plug is being re­
paired. 

The radiation intensities were also measured in the 
basement . When these measurements were made, 
the pr imary water piping, the heat exchanger and the 
radioact ive ion column were not protected b } ' barytes 
concrete blocks and, therefore, the radiation levels 
were fairly high: heat exchanger water inle t : 8 5 0 mr /hr ; 
out le t : 3 5 0 mr ; radioactive ion exchange resin beds: 
80 mr/hr. T h e average value in the basement was 
about 4 0 mr/hr. T h e thermal neutron intensi ty near 
the heat e.xchanger was about 25 nv and the fast 
neutron level was below tolerance. 

T h e efficiency of the radioact ive ion excl iange resin 
bed was tested and it was found t l iat whilst the 
ac t iv i ty of the water entering the system had an 
intensi ty of 6 9 0 c/min the water leaving the system 
had an ac t iv i ty of 8 0 c/min. 

T h e observed act ivi t ies in the pool water decreased 
rather rapidly and, after the third day, tliey were 
below 10 c/min above background. 

Results at 2 Mw Level 

T h e results obtained at 1 Mw power level which 
were quoted above have been confirmed by a new 
series of exper iments to test the reactor behaviour 
at 2 .5 Mw. The reactor power was raised steadily 
until the I Mw power was at ta ined and kept at tha t 
value for two hours during which a complete survey 
of the radiat ion levels was made leading essentially 
to the same results which have been found in the 
previous exper iments . 

At a power level of 2.5 Mw, the radiation level at 
the pool surface was found to be 35 mr/hr near the 
thermal column position whereas its intensi ty under 
the bridge was only 6 mr/hr. Th is large difference in 
in tens i ty is due to the contr ibut ion of tlie N ' " g a m m a 
radiat ion from the returning primary circulat ion 
water which reaches the pool surface rapidly owing to 
water turbulence. T h e air ac t iv i ty , as measured with 
a Milipore filter under the same condit ions as in the 
previous exper iments , was 16 ,500 c/min ( ins tanta­
neous), whereas the water pool ac t iv i ty as measured 
with the well scint i l lator counter was 3 0 , 0 0 0 c/min. 

On the ground floor, the radiation level was within 
to lerance with the except ion of the area around the b e a m 
hole A, where the irregularities of the plug resulted in 
a g a m m a intensi ty of 4 mr/hr and a neutron level of 
100 nv ( thermal) and 30 nv (fast) . 

In the basement the gamma ac t iv i ty reached the 
values of 3 r/hr in the heat exchanger water inlet and 
1.2 r/hr in the outlet . In the resin beds the ac t iv i ty 
level observed was 50 mr/hr whereas the average 
intensi ty in the basement was 100 mr/hr. Such a high 
level is, of course, due to the absence of any shielding 
blocks during the exper iments . Th i r t y minutes af ter 
shutdown the g a m m a ac t iv i ty in the heat exchanger 
water inlet was 2 mr/hr. 

Results at 5 Mw Level 

In the prel iminary survey at a power level of 5 Mw, 
the reactor was brought up to full power after keeping 
the power level s teady for about one hour a t 1 and 
2.5 Mw. T h e results obtained at these power levels 
were in agreement with the previous values found in 
the exper iments described above. 

At the 5 Mw power level successive surveys 
have shown that the radiation levels were incrcusing 
with t ime and only reached a s teady value after 
about two hours of continuous operat ion. After this 
s teady s ta te was reached, the ac t iv i ty on the pool 
surface was found to be 2,50 mr/hr whereas a t the 
pool sides it was 8 0 mr/hr. At a dis tance of about 
2 metres from the pool edges the radiation was 
3 mr/hr . 

T h e air ac t iv i ty , as measured with Milipore filters 
and the MAP-1 air-borne monitor , has shown tha t 
the par t icula te ac t iv i ty was about 3 t imes higher than 
to lerance level ; in view of this high value of the radia­
tion level, gas masks were worn during the exper iment . 

On the ground floor the radiation level was 0.5 mr/hr 
whereas in the region near the beam hole A the 
g a m m a radiation intensi ty was 7.5 mr /hr with a fast 
and slow neutron flux of 8 0 nv and 3 0 0 nv, respect ively. 
In all the other beam holes the g a m m a radiation 
level was of the order of 1.5 mr/hr at the beam hole 
doors with a thermal neutron flux of 5 nv. 

In the basement the radiation levels were very high 
since no shielding was avai lable at tha t t ime; in the 
heat exchanger water inlet, the g a m m a in tens i ty was 
10 r/hr with 7 r/hr in tlie output . T h e thermal 
neutron flux at the heat exchanger input was 8 0 0 nv 
and the average g a m m a ray intensi ty in the basement 
was found to be 0.5 r/hr. 

A complete analysis of the nuclides responsible 
for the high level of ac t iv i ty found in water was 
carried out by the Radiochemis t ry D iv i s ion ; " special 
a t ten t ion was paid to finding out whether some 
ac t iv i ty in air or water could be due to iodine. This 
gave negat ive results. I t was found tha t most of the 
ac t iv i ty found in water could be ascribed to a decay 
of the gaseous fission products and their descendants . 
These exper iments have also shown tha t the fission 
product ac t iv i ty ob.servetl in water was not due to a 
possible failure of the fuel e lement cladding. 

C O N C L U S I O N 

T h e high level of the radiation in the neighbourhood 
of the pool surface is due to the turbulence observed 
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in the water arising from a faulty design of the pri­

mary water outlet in the base of the pool. T h e 

amount of turbulence observed has destroyed the 

hot water cushion in about 5 minutes after the s tar t 

of the main circulation water pump. Since most of 

the ac t iv i ty was due to N'^ and in part to Cr'^' (due to 

the alodising process used in the fuel elements) it is 

hoped tha t the new design which will be used for the 

water return outlet will provide a s teady hot water 

cushion which will decrease the ob.served intensi t ies 

to tolerance level. 
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