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The reactor iiislallefl at the Institute of A t o m i c 

línei 'gy is a swimmiri!-; pool reactoi' ' designed and 

built by the l->abcoek C\- W i l c o x Co. , according to 

specilications furnished by the Comissão de Eneig ia 

A t ó m i c a of the Conselho Nacional de l'esc|uisas. The 

reactor is very snndai' in design to tlie one winch was 

f)uilt by till' sa.me company for the Univers i ty ol 

Miclngan: tlie niaui flilierences lie in the alterations 

which ha.N'e lieen introduced in the fuel element 

design, cooling system, and in the pool dmiensions 

in ordei' to al low conl imions operation at a le\'el oi 

S Mw. 

T h e important reactor data a ie taliulated below as 

furnished by (lie manuÍactnrer: 

Coi-e ari-ay — 5 5 (bCO moderated and reflected) 

l i f i ec t ivc area per element = 8.()9625 cm X 7.77875 

cm = fi2.9787 cm-

Core height = BO cm 

Core v(.ilume — 94,4B8 cm'' 

C - A I al loy = 11,170 cnr¡ 

Aluminum = 2;<,256 cnr' 

W a t e r (SO,042 cnr' 

Volume fractions 

Uranium = 0.0l0:-!6 

.Aluminum = 0.35408 

W a t e r = 0.63558 

bdement loading 

Standard (19 plate) = 160 g U - ^ ^ 640 g U-^» 

Conti-ol (9 plate) 76 g U-^-\ 304 g U-^s 

Metal to water ratio 

Standard element = 0.59028 

Control element = 0.49011 

Over-al l = 0.57425 

Core loading = ,3660 g 

L O C A T I O N 

T h e reactor was installed in an explosion proof, gas-

tight bui lding located at the Univers i ty Ci ty in the 

* Ins t i tu to de Iíncr,£;ia A t ó m i c a , São Paido . On leave of 
ab.sencc from the L 'n ivers i lv of São Paulo. 

ci ty of São I 'aulo, in the center of an exclusion area 

of 320 metei's of radius. The Cni\ 'ers i ty Cit \ ' is 

located on the northwest border of the c i t y ; most of 

its area is flat and it slopes up at a distance of about 

5000 (cct from i^ne of the R i v e r I ' inlieiros margins. 

Tl ie flat suii'ace is at a iieight of about 73t) meters 

above sea level whereas tlie m a x i m u m height of the 

slo|x:s I S 780 meters. 

I'iefore deciding on the convenience of locating the 

reactor at the Liniversity Ci ty , a study of tlie possible 

h.azards from tlie installation was carefully made. 

Idle geologj ' ' of the region and a study of the meteoro­

logical conditions, wind distribution and possible 

contaminat ion of underground water were taken into 

consideration. In the wliole area of São I 'aulo there 

are no signs of any movemen t of tectonic origin and 

there are no indications of earthquakes. 

T h e building which houses the reactor ( I ' i g . 1) was 

built by a Brazil ian engineering firm in live and a half 

mont l is : it is a gas-tigli t , reinforced concrete struc­

ture wi th an internal area of about 2000 m - in which 

1600 m'-* of concrete were used. Its design was based 

on the Univers i ty of Micli igan reactor building but 

there are several important differences which will be 

described in the fol lowing paragraplis. 

Since the reactor pool is ten meters high and since 

the reactor was p rov ided with beam holes and a 

tliermal colunin (F ig . 2 ) , the pool was designed to be 

located inside a building 24 meters high p rov ided wi th 

a basement and three floors. 

B A S E M E N T 

T h e bot tom of the pool is at the basement level and 

is made up of a large reinforced concrete block 

2 meters thick. Througl i the bo t tom of the pool run 

the main pr imary cooling water stainless steel pipes 

which are connected to the pr imary of a 5 m e g a w a t t 

fieat exchanger, through a 3600 g p m pump. T h e 

heat exchanger, the pr imary system for water treat­

ment and tlie ecpiipment for the demineral izat ion of 

the pool water by continuous circulation through a 

mixed bed of ion exchange resins are also located in 

the basement wit l i all the auxil iary equipment such 

as pumps, stainless steel pipes, etc. A radioac t ive 

sump and a radioact ive retention tank for rad ioac t ive 

\vastes arc also located in the same room (T:^ig. 3 ) . 
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Figure 1 

Since the reactor was equipped with a pneumatic 
rabbit installation, its b lower and associated electro­
mechanical equipment were also placed in the base­
ment . M o v a b l e barytes concrete blocks p rov ide an 
efficient shield against the radiations from the pr im­

ary circulating water (where the act ivi t ies due to 
N ' ' ' and Na^ ' wou ld const i tute a health hazard at a 
high power leve l opera t ion) and the radioactive demin-
eralizer ac t ive carbon and m i x e d ion exchange resin 
beds. T h e basement door is interlocked wi th the 
safety rods magnet power . 

G R O U N D F L O O R 

T h e ground ffoor has an area of 700 square meters ; 
there is ample space around the reactor 14 beam hole 
doors and thermal column for exper iments (F ig . 4). 
The distance between the beam holes and the wal l is 
20 meters in order to allow the location ol a fast 
chopper, a slow chopper and equipment for time-of-
flight experiments . .A. flat ground surface ex tending 
to 100 meters from the reactor core center was p rov ided 
for t ime-of-fl ight exper iments and 6-in. and 8-in. pipes 
in the appropriate directions were inserted in the south 
building wall in order to p rov ide a suitable path for 
the neutron chopped beam. 
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Figure 3 

'I'lu' pool IS ten meters high aiirl its top reaches 
tlie level of the tliird floor. I t lias a capaci ty of 
272 cubic meters of water , and in its construction 
350 cubic meters of concrete and 270 cubic meters of 
barytes concrete, of a density higher than 3.5 g,/cm^, 
were required; in order to avoid a |)ossible water 
leakage througli the conci'ete, a steel diapl i ragm was 
constructi 'd, tested for water tightness and tlien the 
concrete \eas jjourcd on both sides. 

In the region occupied by the beam holes and the 
theimal column the pool walls are 2.40 meters thick 
in order to provi(fe ade(|uate shielding and keep the 
radiation level fielow tolerance, e\'en when tfic reactor 
is o];)erated at its max imum powei- (5 M w ) . 

1'he reactor can be operaterl in three distinct posi­
tions in the | )oo l : 

(a) In the lirst position (position A , Figs. 5, 6, 7) its 
core is located at the center of the cylindrical part of 
the poo l ; six (5-in. and two 8-in. l icam holes arr 
directed towards the reactor core center and two 
6-in. through-tubes traverse the pool tangential iy to 
the reactcir core south face. There are several kinds 
of irradiation plugs for the said beam holes which 
will al low irradiation of samples or the coll imation of 
a neutron beam for beam experiments. 

T h e unused plugs are kept in storage tubes inserted 
in the east building wall . Tl iere are hfty stainless 
steel storage tubes in tliat wal l ; they aie 3.50 meters 
long, traverse the wal l and have their back extremit ies 
inserted in a concrete block covered wi th 4 meters of 
clay. T h e back ends of those storage tubes are indi­
vidual ly connected to a m,amfold exhaust system. 
Tii is system is provided with individual stopcocks lor 
gas samplmg and tlie system is C(.)nnected to tlie 
laborator\ ' radioact ive exhaust system. 4'he gases 
are expelled through a stack 15 meters high situated 
at the to | i of the building. 

The stack is j i rovided with a Camliridge lilter winch 
wall avoid tlie dispersal of the ra<li(.)active particulate 
in the area surroimdirig the reactoi'. A system of beta 
and g a m m a Geiger counters is connected to a count 
rate meter wliose indication is displayed on an b.stcr-
liiie Angus recorder m the control room cubicle. 

Idle stack is p rov ided also with a damper, controlled 
by a servo iiiotor, whicfi will close automat ical ly the 
stack whenever tlie radiation level wil l exceed a pre­
determined value. 

(b) In a second position (position B , Fig. 5 ) , the 
reactor core can be operated m front of a thermal 
colunin for experiments wit l i thermal neutrons. 1'he 
i:hermal cohimn is made up of graphite blocks 
placed inside a rectangular steel box of 1.80 by 2.40 
meters; it is pro\ ' ided with six channels of r emovab le 
graphite blocks lor experiments in\'ol\-ing different 
values of tiie cadmium ratio. T h e thermal column 
is sliieldecl by a 16-ton door 1 2 | in. thick (consisting of 
11 in. of steel plates, 1 m. lead and ^ in. boral plates) . 
T l i e thermal column door can be displaced on rails 
by means (.)f an liyclraulic sj-stem operated hy an 
electric pump. 

W h e n the reactor is in the thermal column position, 
fast neutron irradiation can be obtained by use of 
t w o 6-in. beam holes, located at 180° from the thermal 
column. Id ie m a x i m u m operat ing power of the 
reactor at the position B is 100 k w ; at this power level 
the reactor does not require forced cooling and the 
heat deve loped by radiation at the thermal column 
wi l l not g i v e rise to a high temperature in the graphite 
blocks. 

(c) T h e reactor can also be displaced to a third 
position (position C, F ig . 5) in the back of the pool 
wfierc spent fuel elements are stored. Tl i is back 
compar tment is p rov ided wi th a storage rack for 
spent fuel elements and can be used as a g a m m a 
irradiation facility, use being made of the radiations 
from the tissifin products accumulated in tlie spent 
fuel elements. Fhe pool is also p rov ided wi th a 
m i A ' a b l e ah imimim gate so that the reactor can be 
slorci.l 111 the l->ack compar tment whenever a repair in 
ihe main | iool compar tment is required. 

The fiack compar tment can be used as a bulk 
sinelding facility. 

S E C O N D F L O O R 

On the second floor are located three offices, a small 
storage room, the sanitary rooms, and a large machi­
nery room where all the vent i la t ing and condit ioning 
air systems are located. 

Since the building does not have any windows, all 
the rooms are air condit ioned ; there are two vent i la t ing 
systems besides the niam air condit ioning system. 

Figure 4 
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Figure 6 Figure 7 

l l i r a i l" CI II ( i l l ii a i i i l i ; > \ - ^ t i i l l ^ l l | i | i l i r s a i l al a p l c -

l < - t c r i n i i u - i l t • i i i p i T a t i i r c a m i l i i i i i i i i l iu a l l t h e 

. a h n r a l d r i c s , r e a c t i i r ci ml n il n h un a m i t h e l i i i m m I l lu i p | . 

A l l e x h a u s t s \ ' -~ tc i i i i s U s e d liir ( h e s a i u t a i A i m i n i ^ 

i m l a n u t h c r t n M i c k t h e c n i i t a i i i i u a t c i 1 aii l i m i i 

•>tiiragr t u b e s , f r n i u I h e b e a m hull ' i h lurs'a m l l i o n i t h e 

l a d i i x l i e u i i s t r l a b n r a t ( i r \ ' l i u n d I n c i t e d "W t h e t h i r d 

l l n i i r . I l l t h e r a d i n a c f i \ c i x h . i i i s t > \ s t e n i ( . i i i i b i i d e e 

t i l l e r s a r e p i i \ - i d e d in n r d e i t n a x n i d i i i n t . i i i h n . i t a m 

III t h e a r e a a i o i i n i l t h e l e a e t i ir hnildiim ' i \ r .u la l h I i \ e 

p a r t i c u l a t e e \ p i ' l l e d thrmi^h t h e s t a c k . . \ l l t l u e c 

s \ ' s t e n i s a r e e i p i i p p e i l w i t h d a i n p i ' i s i i a 11 n i| lei I l i \ -

e l e c t i D U i a g n e l ic d e v i c I'S n p e i a t e d b \ - 1 , i i l i a t i i i l l l e v e l 

i n i i i h t i i r s w h i c h w i l l l i . i s r t h e a i r n i i t l e l \ \ h e n e \ a ' r t h e 

r a d i . i t i o n leva 1 r e a i l i e . - > a | ü e d e t e i m i n e d \ , d i i e . 

Spec ia . l c a l l w a s t a k e n \ \ i t i i t h e s a l e t \ ( l e \ ii i > t o , i \ a m I 

t h e ( a i n t a m i n i t i i i n <ii t h e s n i i n i i n d i n e , are . i in i a s e n i 

a i l a c c i d e n t : a l l t h e e x t e r n a l d n n r s a r e m a d e n|" s t e e l 

, i n d c a l c u l a t e d t u w i t h s t a n d a ] i r e s s i i r e n l ki; m - , 

a n d t u a \ a ) i d a n y .i^as l e a k a g e s p e c i a l l u - n p r e i i e e ^ s k e t s 

a i l ' U s e d . S l i e c i a l d e x i c e s a r e u s e d t n , i \ n i d l ; . i s l e . i k 

ai . ;e t l i r n u f ^ l i e i t h e r t h e a i l , w a t e r , s e w a i ^ e n i e l e c ­

t r i c i t y s y s t e u i s . 

T H I R D F L O O R 

( I n t h e t h i r d l l n n r a r e I n c a t e d t h r e e r , i d i n c l i e n i i s t i y 

l . i b n i a t n r i e s , t l i i ' r e a c i n r c i i n t r n j r n n n i . a s m a l l e l e c -

t i i i n i e s l i i i p f n r t h e i n a i i i t e n a m e n i t h e r e a c t n r i i i s t r u -

i i i e n t a t i u i i a i d s p a r e s . i n d a v a u l t I n r s t n r i i i ! . ; u n u s e d 

f i u ' l e l e m e n t s . T h e t u p n f t h e p n n l r e a c h e s tl 

i h i i d Hum- . i i i d i h e w . i t n - a i r h i c e i s a t t h e l c \ a - l 

nl t h e ll i l d c ; . . S n .1 l ( t - t n i i i r a l l e is p i n \ a d i d i n r 

t h e t r . l l l s p n l t . l t l n l l n i t h e l l ln j i • ji 11 H a 11 s t r n l l l l l i r 

> t n | - , i e c I M c k s . I t t i l e l e a k c n i n p . l l t l l l n i i l n f l l l e p n n l 

t n t h e r e a l t nl i n l c .1 m 1 I U n Inl |i c l d i l l .1 m 1 111 l ln, u l i n s ; 

. I I I S--! l i l l > l l l | i p i l l ^ e n l l l l l , w h e r e ' . p e l l l l l l i ' l c l i i n e l l t s 

w i l l 111 s t n l c d f n r ~ h ! p | ) i n i ; . i f l ' l l l l i A ' h a \ a - c n n h ' d 

i l n w u 111 I h e • ^ t n r a e e r . i i k s . I h e c r a n e c a n u n l n a d 

i h e c n i i i i i n i l l l i r m a i n n | i c : a l i i i e l l n n r ( e : r n r n i i 1 i l n n r t 

l i \ ' r e l l l n v i n u ; s l e d , l , , l t e > I n c . l i e d n i l l i n t h - , i i | c s u l t i l e 

j i n n l , l l I h e l l n n r l e \ a T T h e c i M l l e I s a l s n u s e d In i n n \ e 

t i l e . l l u i l U l l l l n i !_ : . l le- U s e d I n r c l n s i l l : ; t h e l i . i c k p n n l 

e n i n p . i r l m e i i l . I n t h e m a i n r a i l i n c l i e i i i i s i 1 \ ' l , i l ) n r , i t n r \ ' 

.1 t e i n i i i i . i l p n e i m i . i l i c i . i M m ^ i . i i i n n i - i i i s t a l l e d in 

Figure 8 

M i * - . 
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order to a l low measurements of ac t iva ted samples two 
seconds after the end of the irradiation t ime. 

T h e reactor control room is also installed on the 
third floor on the same level as the reactor bridge 
(F ig . 8). Besides the reactor control system there is 
some au.xiliary equipment which allows the centrali­
zation of all the operations and the supervision of the 
safety conditions. In this w a y , any alarm due to 
excessive radiation level , pump failure, abnormal 
temperatures or fire is direct ly reported to the 
control room. There is a system of communicat ion 
wi th all the rooms of the building and an alarm 
system which permits the transmission of orders and 
instructions to any room inside the reactor building. 
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