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THE BIOLOGICAL IRRADIATION F A C I L I T Y 
( " J a n u s " R e a c t o r ) 
DESIGN MANUAL 

I. INTRODUCTION 

It i s b e l i e v e d tha t a r a t h e r d e t a i l e d d e s c r i p t i o n of the " J a n u s " R e 
a c t o r F a c i l i t y , we l l i l l u s t r a t e d by the key d r a w i n g s of the bu i ld ing and 
r e a c t o r f e a t u r e s , and con ta in ing p e r t i n e n t i n f o r m a t i o n about the n u c l e a r 
and r e a c t o r r a d i a t i o n c h a r a c t e r i s t i c s of the f ac i l i ty , wi l l be use fu l to 
t h o s e who o p e r a t e and u t i l i ze the I r r a d i a t i o n F a c i l i t y . 

This r e p o r t is thus p r e p a r e d with e m p h a s i s on t h o s e d e t a i l s which 
wi l l s u p p l e m e n t the Safety A n a l y s i s R e p o r t and the R e a c t o r O p e r a t i n g 
Manua l . 

II. G E N E R A L DESIGN CONSIDERATIONS 

The Div i s ion of B i o l o g i c a l and Med ica l R e s e a r c h at A r g o n n e Na t iona l 
L a b o r a t o r y h a s b e e n engaged in an ex tended p r o g r a m of r e s e a r c h on the 
b i o l o g i c a l and gene t i c effects of r a d i a t i o n s a r i s i n g f r o m the f i s s i o n p r o c e s s , 
p a r t i c u l a r l y t h o s e r a d i a t i o n s e n c o u n t e r e d by p e r s o n n e l engaged in the u s e 
of n u c l e a r r e a c t o r s . Th i s r e s e a r c h p r o g r a m , which i s s p o n s o r e d by the 
Uni ted S ta t e s A tomic E n e r g y C o m m i s s i o n , i s l a r g e l y d i r e c t e d to e v a l u a 
t ions of the effects of a cu t e and c h r o n i c e x p o s u r e s to f i s s ion n e u t r o n s . In 
c h r o n i c e x p o s u r e s , the d o s a g e r a t e s a r e c o n s i d e r e d to be of m a g n i t u d e s 
c o m p a r a b l e wi th t hose e x p e r i e n c e d by p e r s o n n e l a s s o c i a t e d wi th d a y - b y -
day o p e r a t i o n and u s e of n u c l e a r r e s e a r c h r e a c t o r s and n u c l e a r p o w e r 
p l a n t s for the g e n e r a t i o n of e l e c t r i c a l e n e r g y and for p r o p u l s i o n o r o t h e r 
p u r p o s e s . The d o s a g e r a t e s for s t u d i e s of acu te r a d i a t i o n e x p o s u r e of 
usefu l m a g n i t u d e s a r e e x p e c t e d to be no m o r e than f r o m 10 to 10^ h i g h e r 
than for the c h r o n i c e x p o s u r e s . 

The d o s a g e r a t e s for c h r o n i c e x p o s u r e s t u d i e s a r e e s t i m a t e d to 
r a n g e f rom 0.1 r a d / w e e k to 50 r a d s / w e e k , w h e r e a s , for the a c u t e - e x p o s u r e 
s t u d i e s , they would p r o b a b l y r u n a s high a s 10^ o r 10 r a d s / w e e k . 

S tudies of c h r o n i c e x p o s u r e wi th l a r g e n u m b e r s of s p e c i m e n s and 
for the long t i m e s c o r r e s p o n d i n g to the t e r m c h r o n i c whi le c o n c u r r e n t l y 
s tudying acu t e e x p o s u r e r e q u i r e s tha t t h e r e be two i r r a d i a t i o n r e g i o n s 
w h e r e c h r o n i c and acu te e x p o s u r e s t u d i e s m a y be r e s p e c t i v e l y p e r f o r m e d 
without inf luencing each o t h e r . Th i s r e q u i r e s two i r r a d i a t i o n f a c e s for the 
r e a c t o r and two i r r a d i a t i o n c e l l s i s o l a t e d f r o m each o t h e r . The n e u t r o n 
flux at one face should be f r o m 10^ to 10^ h i g h e r than at the o t h e r f a c e . 
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To ob ta in the m a x i m u m h i g h - l e v e l d o s a g e r a t e spec i f i ed r e q u i r e s 
an inc iden t t h e r m a l - n e u t r o n flux of about lO-*" n / c m ^ / s e c o r h i g h e r on 
the c o n v e r t e r p l a t e for the h i g h - l e v e l i r r a d i a t i o n c e l l . 

To i r r a d i a t e the l a r g e n u m b e r s of s p e c i m e n s r e q u i r e d by the p r o 
g r a m wi th in a r e a s o n a b l e length of t i m e , m a k e s it n e c e s s a r y to have l a r g e 
n e u t r o n c o n v e r t e r s and r e l a t i v e l y l a r g e i r r a d i a t i o n c e l l s . 

III. BASIC DESIGN P A R A M E T E R S 

The m a g n i t u d e of the t h e r m a l - n e u t r o n flux (about 10 n / c m / s e c ) 
which i s r e q u i r e d to be inc iden t on the c o n v e r t e r a s s e m b l y of the h igh -
i n t e n s i t y i r r a d i a t i o n face in o r d e r to supply a dose r a t e of 10^ r a d s / w e e k 
to s p e c i m e n s in the acu te i r r a d i a t i o n ce l l w a s e s s e n t i a l l y the s t a r t i n g point 
in the d e s i g n of the " J a n u s " R e a c t o r (B io log ica l I r r a d i a t i o n F a c i l i t y ) . Th i s 
va lue was e x p e r i m e n t a l l y d e t e r m i n e d f r o m the B io log ica l I r r a d i a t i o n 
C h a m b e r i n s t a l l e d at the t h e r m a l c o l u m n of the C P - 5 r e a c t o r . H e r e , t h e r e 
w a s a o n e - i n c h - t h i c k c o n v e r t e r p l a t e of n o r m a l u r a n i u m m e t a l which could 
be l o w e r e d into a 16 x l 6 - i n . b e a m of n e u t r o n s e m e r g i n g f rom the t h e r m a l 
c o l u m n of the C P - 5 r e a c t o r . B e f o r e the l o w e r i n g of the c o n v e r t e r p l a t e , 
the t h e r m a l - n e u t r o n flux was a p p r o x i m a t e l y 2 x 1 0 n / ( c m ) ( sec ) . After 
l o w e r i n g , the f i s s i on n e u t r o n d o s a g e r a t e in the B io log i ca l I r r a d i a t i o n 
C h a m b e r w a s of the o r d e r of 90 to 100 r a d s / m i n , equ iva len t to about 
10 r a d s / 7 - d a y w e e k . 

The " J a n u s " c o n v e r t e r i s c o m p o s e d of u r a n i u m , h ighly e n r i c h e d in 
U , a l loyed with a l u m i n u m . The p e r c e n t a g e of u r a n i u m in the a l loy and 
the t h i c k n e s s of the a l loy a r e such as to supply un i fo rmly d i s p e r s e d U^^^ 
a t o m s equ iva l en t in n u m b e r to t h o s e con ta ined in a o n e - i n c h - t h i c k p l a t e of 
n o r m a l u r a n i u m of the s a m e a r e a . It i s a n i t c i p a t e d tha t the f i s s i o n - n e u t r o n -
g e n e r a t i n g eff ic iency of a " J a n u s " c o n v e r t e r should be s o m e w h a t h i g h e r 
t han for a c o n v e r t e r of n o r m a l u r a n i u m . F r o m the above c o n s i d e r a t i o n s , 
an inc iden t t h e r m a l - n e u t r o n flux of a p p r o x i m a t e l y 2 x 10^° n / ( c m ^ ) ( s e c ) on 
the h i g h - l e v e l c o n v e r t e r w a s c h o s e n as the b a s i c d e s i g n p a r a m e t e r . 

Since it w a s d e s i r e d to have a d i f f e r ence b e t w e e n the d o s a g e r a t e s 
of f i s s i on n e u t r o n s supp l ied by the n e u t r o n c o n v e r t e r s at the two i r r a d i a t i o n 
f aces of the o r d e r of 10^ or g r e a t e r , th i s r e q u i r e d tha t the t h e r m a l - n e u t r o n 
f luxes inc iden t on the two c o n v e r t e r s should differ by a p p r o x i m a t e l y tha t 
f a c t o r . 

O r d i n a r y w a t e r is the m o s t su i t ab l e m o d e r a t o r to e m p l o y in and 
ad jacen t to the c o r e of a s m a l l , r e l a t i v e l y l o w - p o w e r r e a c t o r so a s to p r o 
vide the n e u t r o n - f l u x d i s t r i b u t i o n and i ndependence of i r r a d i a t i o n face d e s i r e d 
for the c o m b i n e d c h r o n i c and acu t e i r r a d i a t i o n s p r o g r a m . E x p e r i m e n t a l 
d e t e r m i n a t i o n s ( l . 2) in the Bulk Shielding F a c i l i t y at ORNL and in the 
B a t t e l l e M e m o r i a l R e a c t o r , which have c o m p a c t , w a t e r - m o d e r a t e d c o r e s 
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of h ighly e n r i c h e d U^^^ a l loyed in a l u m i n u m , ind ica t ed tha t t h e r m a l - n e u t r o n 
f luxes of a p p r o x i m a t e l y 1 x 10^^ n / ( c m ^ ) ( s e c ) for 100 kw of r e a c t o r p o w e r 
a r e ob ta ined at the s u r f a c e s of t h e s e c o r e s . The " J a n u s " r e a c t o r c o r e i s 
an a r r a n g e m e n t of d i m e n s i o n s and c o m p o s i t i o n s i m i l a r to the two c i ted 
above . 

In Appendix A of the " J a n u s " Safety A n a l y s i s Repor t , (3 ) c a l c u l a t i o n s 
a r e g iven for the n e u t r o n - f l u x d i s t r i b u t i o n s t h roughou t the r a d i a t i o n p o r t s 
on a l ine p a s s i n g h o r i z o n t a l l y t h r o u g h the c e n t e r s of the h igh - and low-
dose p o r t s and the c e n t e r of the c o r e a s p l anned for the " J a n u s " r e a c t o r . 
Se lec t ion of the r e a c t o r c o r e l oca t ion with r e s p e c t to the two i r r a d i a t i o n 
f a c e s , t he d i m e n s i o n s of the r e a c t o r c o r e , the m o d e r a t o r - r e f l e c t o r -
a t t e n u a t o r d i s t r i b u t i o n , and the s t r u c t u r a l c o m p o n e n t s has been guided by 
the r e q u i r e m e n t s given above . The c a l c u l a t e d t h e r m a l - n e u t r o n f luxes and 
d i s t r i b u t i o n s f rom the c o r e s u r f a c e to the i r r a d i a t i o n f aces of such a r e 
a c t o r a r r a n g e m e n t , when o p e r a t e d at 100 kw of p o w e r , a r e given in F i g s . 1, 
2, and 3 . T h e s e c h a r a c t e r i s t i c s w e r e ob ta ined for a r e a c t o r a r r a n g e m e n t 
which would be expec ted to fu rn i sh s i m u l t a n e o u s l y s i m i l a r n e u t r o n s p e c t r a 
at two i r r a d i a t i o n f aces of i n t e n s i t i e s which would differ by a f ac to r of f r o m 

10^ to 10^. F r o m the c a l c u l a t e d 
c u r v e s of n e u t r o n - f l u x d i s t r i b u t i o n 
for the " J a n u s " r e a c t o r , it m a y be 
e s t i m a t e d tha t a t h e r m a l - n e u t r o n 
flux of at l e a s t 1 x l O " n / ( cm2) ( sec ) 
wi l l be inc iden t on the h i g h - d o s e 
c o n v e r t e r at a power l eve l of 100 kw. 
H o w e v e r , to a s s u r e a flux of 2 x 
10 n / (cm2) ( sec ) and to supply f l ex i 
b i l i t y which it i s an t i c ipa t ed m a y be 
d e s i r e d by e x p e r i m e n t e r s , a fu l l -
p o w e r o p e r a t i n g leve l of 200 kw h a s 
b e e n s e l e c t e d . 

Independence of the p e r f o r 
m a n c e s of the two i r r a d i a t i o n p o r t s 
is a n o t h e r b a s i c c o n s i d e r a t i o n . Th i s 
i s , h o w e v e r , a l e s s r ig id p a r a m e t e r 
which can be a s s i g n e d l i m i t s which 
would not i n t r o d u c e e x c e s s i v e e r r o r s 
in the e x p e r i m e n t a l m e a s u r e m e n t s 
p r o p o s e d for the p lanned i r r a d i a t i o n 
p r o g r a m s or would not c a u s e i n s t a 
b i l i t i e s in the o p e r a t i n g c h a r a c t e r i s 
t i c s of the r e a c t o r . In g e n e r a l , it 
h a s b e e n be l i eved tha t v a r i a t i o n s of 
r a d i a t i o n i n t e n s i t i e s in one ce l l due 
to o p e r a t i n g the o t h e r c e l l would not 
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g. 2. Neu t ron - f l ux D i s t r i b u t i o n 
in the " J a n u s " L o w - l e v e l 
Zone 

n e e d to be kep t be low ±1% as fa r 
as the m o s t re f ined e x p e r i m e n t a l 
m e a s u r e m e n t s a r e c o n c e r n e d . F r o m 
the point of view of safe ty in o p e r 
at ing con t ro l of the r e a c t o r , l i m i t s 
of ±j% on c o n t r o l of the power l eve l 
of the r e a c t o r should be a c c e p t a b l e . 
The r e q u i r e m e n t of supplying a d e 
quate space for i n s t a l l a t i o n of con
t r o l rod d r i v e s , shu t t e r and 
c o n v e r t e r d r i v e s , p lumbing , e t c . , 
would i m p o s e lower l i m i t s on d i 
m e n s i o n s of the r e a c t o r s t r u c t u r e 
and shie ld ing in e x c e s s of t hose 
needed for independence of the 
r e s p e c t i v e i r r a d i a t i o n p o r t s . 

Calculationsl-^) show tha t 
the change in keff for the r e a c t o r 
due to i n s e r t i o n and r e m o v a l of the 
h i g h - l e v e l c o n v e r t e r would be un -
o b s e r v a b l e to at l e a s t the four th 
d e c i m a l p l a c e . 

The e s t a b l i s h m e n t of 200 kw 
as the n o r m a l , fu l l -power o p e r a t i n g 

F i g . 3 
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level r e q u i r e s s e l e c t i o n of hea t e x c h a n g e r , cool ing t o w e r , and o the r hea t 
t r a n s f e r equ ipmen t which wi l l a s s u r e d i s s i p a t i o n of at l e a s t t h i s amount of 
t h e r m a l power u n d e r n o r m a l s u m m e r t i m e w e a t h e r c o n d i t i o n s . T h e s e c o m 
ponen ts have been s ized(4) to handle a p p r o x i m a t e l y 240 kw of hea t d i s s i p a 
t ion unde r such w e a t h e r cond i t i ons . 

IV. DESCRIPTION OF THE FACILITY 

A. G e n e r a l F e a t u r e s 

The g e n e r a l a r r a n g e m e n t s of the " J a n u s " I r r a d i a t i o n F a c i l i t y i n 
cluding the r e a c t o r , i r r a d i a t i o n c e l l s , s p e c i m e n p r e p a r a t i o n r o o m s , r e a c t o r 
equ ipmen t r o o m , ven t i l a t ion , and a i r - c o n d i t i o n i n g i n s t a l l a t i o n s a r e shown 
in F i g . 4 . 

144-101 

F i g . 4. A r t i s t ' s Concept ion (Cutaway) of the " J a n u s " I r r a d i a t i o n F a c i l i t y 

To m e e t the r e q u i r e m e n t s of the g e n e r a l d e s i g n c o n s i d e r a t i o n s of 
p rov id ing c h r o n i c and acu te f i s s i o n - n e u t r o n i r r a d i a t i o n s s i m u l t a n e o u s l y to 
l a r g e n u m b e r s of s p e c i m e n s , the s u r f a c e s of the n e u t r o n c o n v e r t e r s have 
been m a d e g e n e r o u s l y l a r g e . The h i g h - i n t e n s i t y face is a p p r o x i m a t e l y 
17,000 cm^, and the su r f ace of the c o n v e r t e r for the o the r face i s a p p r o x i 
m a t e l y 27,000 cm . The acu te i r r a d i a t i o n ce l l h a s d i m e n s i o n s of a p p r o x i 
m a t e l y 8 ft x 16 ft with a 10-ft ce i l ing he igh t . The c h r o n i c i r r a d i a t i o n ce l l 
is a p p r o x i m a t e l y 23 ft x 23 ft with an 11-ft ce i l ing he igh t . The g e n e r a l 
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a r r a n g e m e n t of the i r r a d i a t i o n fac i l i ty is f u r t h e r shown on the m a i n f loor 
p l an . F i g . 5, and the s e r v i c e f loor p lan , F i g . 6. 

The de t a i l s of c o n s t r u c t i o n of the v a r i o u s r e a c t o r and bui ld ing 
c o m p o n e n t s a r e d e s c r i b e d in l a t e r p o r t i o n s of th is m a n u a l by r e d u c e d 
r e p r o d u c t i o n s of the a s s e m b l y and de ta i l work ing d r a w i n g s or by r e f e r 
ence l i s t s c i t ing d r a w i n g s s t o r e d in the " J a n u s " d rawing f i l e s . 

144-134 

F i g . 5. Main F loor Plan of the "Janus" I r r a d i a t i o n F a c i l i t y 
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144-133 

Fig. 6. Service Floor Plan of the "Janus" Irradiat ion Faci l i ty 

B . The Reactor 

The "Janus" reactor has a ver t ica l cylindrical core of uran ium-
aluminum alloy fuel assembl ies highly enriched to approximately 93.5% in 
U^^ .̂ The portions of the core not occupied by the metal s t ruc tura l and 
fuel mater ia l s a re filled with deionized ordinary water which se rves as the 
moderator and coolant for the r eac to r . The core is mounted off center in 
a cylindrical , aluminum reactor tank with a thick and mass ive radiat ion-
shielding cover. The axes of the core and reac tor tank are para l le l but a re 
separated by a distance of 101 in. 

The space outside of the core in the reac tor tank which is not oc
cupied by s t ruc tura l or other solid mate r ia l s is filled by additional deionized 
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o r d i n a r y w a t e r , excep t for the r e g i o n at the top of the r e a c t o r above the 
w a t e r which i s occup ied by the gas (hel ium) a t m o s p h e r e . The w a t e r s u r 
rounding the c o r e s e r v e s as the hea t t r a n s f e r m e d i u m and, in add i t ion , 
funct ions a s n e u t r o n r e f l e c t o r , t h e r m a l i z e r , and a t t e n u a t o r . It a l s o p r o 
v ides s o m e 7 - r a y sh ie ld ing or a t t enua t ion a round the c o r e . 

The a l u m i n u m r e a c t o r t ank is moun ted in a s ea l ed , i r r e g u l a r , and 
s o m e w h a t d o u b l e - f a n - s h a p e d s t e e l she l l , w h e r e it i s suppor t ed on g r a p h i t e 
and s u r r o u n d e d by g r a p h i t e . Two oppos i te faces of the s t e e l she l l a r e c l o s e d 
by l a r g e a l u m i n u m s h e e t s or windows whose s u r f a c e s at t h e i r c e n t e r s a r e 
n o r m a l to a l ine p a s s i n g t h rough the c e n t e r s of the r e a c t o r c o r e and the r e 
a c t o r t ank . The g r a p h i t e b e t w e e n the w a l l s of the r e a c t o r t ank and the s t e e l 
she l l s e r v e s as add i t iona l t h e r m a l i z e r for the n e u t r o n s in th i s s p a c e and 
a l s o as a s c a t t e r e r or d i f fuser to r e n d e r un i fo rm the n e u t r o n flux s t r i k i n g 
the r e s p e c t i v e a l u m i n u m windows . 

A - - i n . - t h i c k l a y e r of b o r a l , a ^ - i n . - t h i c k by 5 - in . -w ide s t e e l r ing 
s u r r o u n d i n g the r e a c t o r tank, and a 1 4 - i n . - t h i c k l a y e r of lead a r e s u p p o r t e d 
on the g r a p h i t e s u r r o u n d i n g the s ides of the r e a c t o r t ank . A g a s k e t e d , 
c o r r u g a t e d a l u m i n u m r ing s e a l s the she l l to the r e a c t o r t ank . Addi t iona l 
b o r a l s h e e t s f o r m an i n t e r n a l l i ne r to the s ides and bot tom of the s t e e l she l l 
excep t in the a r e a s occupied by the a l u m i n u m windows . Coi ls of coppe r 
tubing a r e a t t a ched by c l ips to the ou t s ide bo t tom and s ides of the s t e e l 
she l l in a r a t h e r r a n d o m , f r e e - h a n d p a t t e r n and give a p p r o x i m a t e l y un i fo rm 
c o v e r a g e of the s u r f a c e s , a s shown in F i g . 7 and F i g . 8. Addi t ional coppe r 

144-154 

F i g . 7. Bo t tom of S tee l Shel l with Cooling Coi ls Attached 



19 

Fig. 8 

Cooling Coils and Principal Giaphite 
System Partly Installed 

144-163 

t u b e s , w i t h t h e i r c l o s e d b o t t o m e n d s a r r a n g e d t o t e r m i n a t e a t v a r i o u s l o c a 
t i o n s on t h e b o t t o m a n d s i d e s of t h e s t e e l s h e l l , h a v e t h e i r t o p e n d s r e a c h i n g 
a b o v e t h e s i d e s of t h e s t e e l s h e l l . T h e s e t u b e s c o n t a i n t h e r m o c o u p l e s o r 
m a y a c c o m o d a t e t h e r m o c o u p l e s f o r t h e p u r p o s e of m e a s u r i n g t e m p e r a t u r e s 
a t v a r i o u s p o i n t s a r o u n d t h e s t e e l s h e l l a s m a y b e f o u n d d e s i r a b l e . 

T h e s t e e l s h e l l w i t h t h e a t t a c h e d c o p p e r t u b i n g i s s u p p o r t e d on a 
f o u n d a t i o n of o r d i n a r y c o n c r e t e . L e g s o r e x t e n s i o n s w i t h p a d s p o s i t i o n e d 
t h e s h e l l a t t h e p r o p e r e l e v a t i o n a b o v e t h e r o u g h f o u n d a t i o n . T h e s p a c e b e 
t w e e n t h e b o t t o m of t h e s h e l l a n d t h e f o u n d a t i o n w a s f i l l e d w i t h c o n c r e t e 
g r o u t t o p r o v i d e u n i f o r m s u p p o r t o v e r t h e b o t t o m of t h e s h e l l . 

On t h e o u t s i d e of t h e s t e e l s h e l l , i n t h e r e g i o n s a d j a c e n t t o t h e 
a l u m i n u m w i n d o w s , l a y e r s of l e a d w e r e c a s t . T h e e n t i r e s t e e l s h e l l , f l u s h 
w i t h t h e f r a m e s w h e r e t he w i n d o w s a r e a t t a c h e d a n d l e v e l w i t h t h e t o p of 
t h e s h e l l , w a s s u r r o u n d e d w i t h d e n s e o r w i t h o r d i n a r y c o n c r e t e a s r a d i a t i o n -
s h i e l d i n g r e q u i r e m e n t s d i c t a t e d . T h i s c o n c r e t e - a n d l e a d - e n c a s e d s t r u c t u r e 
a n d t h e r e i n f o r c e d b u i l d i n g s t r u c t u r e of w h i c h i t b e c a m e a n i n t e g r a l p a r t , 
f o r m t h e t h i c k w a l l o r b o u n d a r y z o n e w h i c h i s o l a t e s t h e t w o i r r a d i a t i o n c e l l s 
f r o m e a c h o t h e r a n d f r o m t h e a d j a c e n t s p e c i m e n - p r e p a r a t i o n r o o m s . 

E x t e n d i n g s o m e w h a t o b l i q u e l y f r o m o n e s i d e of t h e s t e e l s h e l l on a 
h o r i z o n t a l a x i s , a n d d i r e c t e d f r o m t h e n e i g h b o r h o o d of t h e r e a c t o r c o r e i n t o 
t h e p r e p a r a t i o n r o o m fo r t h e l o w - d o s e c e l l , i s a s t e p p e d t u b e of g e n e r o u s 
d i m e n s i o n s . T h i s s t e p p e d t u b e a c c o m m o d a t e s t h e p n e u m a t i c r a b b i t f a c i l i t y 
a n d i t s s h i e l d i n g . T h e r a b b i t f a c i l i t y i s a r r a n g e d t o i n s e r t s p e c i m e n s of 
l i m i t e d s i z e i n t o t h e r m a l - n e u t r o n f l u x e s u p t o a p p r o x i m a t e l y 10^^ n / ( c m ^ ) ( s e c ) 
a n d q u i c k l y d e l i v e r thenn t o a s t a t i o n in t h e l o w - d o s e p r e p a r a t i o n r o o m . 
P r o v i s i o n s h a v e b e e n i n c l u d e d f o r a c c o m m o d a t i n g a d e l i v e r y s t a t i o n in a 
f u t u r e r a b b i t l a b o r a t o r y . 
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Outside of the reac to r , various movable or removable shielding 
s t ruc tures and mechanical devices are installed for controlling the r e 
lease of reac tor radiations into the radiation cel ls , for isolating radiat ion-
wise the reactor from the surrounding regions , and for controlling the 
fission chain react ion associated with operation of the r eac to r . 

The features of the reactor which have been mentioned above are 
shown by F igs . 9, 10, 11, and 12. Additional information and details r e 
garding the i tems mentioned and the associated components may be obtained 
by consulting the subassembly drawings indicated on Fig. 10 and Fig. 12 
along with their corresponding bills of m a t e r i a l s . 
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Fig. 9. Horizontal Section through the "Janus" Reactor 
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Fig. 11. Vert ical Section through Midplane of the Converter Assemblies 
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Fig. 12. Eas t -Wes t Vert ical through "Janus" I r radia t ion Faci l i ty 



24 

V. R E A C T O R COMPONENTS AND E Q U I P M E N T 

A. The C o r e A r r a n g e m e n t 

The c o r e of the " J a n u s " r e a c t o r is c o m p o s e d of n i n e t e e n tubu la r 
fuel a s s e m b l i e s s u p p o r t e d a t t h e i r bo t tom ends by a p l e n u m c h a m b e r 
a t t a c h e d to the i nne r bo t t om s u r f a c e of the r e a c t o r tank. The fuel a s s e m 
b l i e s a r e m a i n t a i n e d in v e r t i c a l pos i t i ons by an a l u m i n u m g r i d p la te s e 
c u r e d to the r e a c t o r tank a t a d i s t a n c e of about 46— in. above the top of the 

3 

p h e n u m c h a m b e r . Holes (which a r e 3— in. in d i a m e t e r ) in the g r i d p la te 
have t h e i r c e n t e r s p o s i t i o n e d v e r t i c a l l y above the c e n t e r s of the o r i f i ce 
s e a t s in the p l e n u m wh ich l o c a t e the bo t tom ends of the fuel a s s e m b l i e s . 
The fuel a s s e m b l i e s , for wh ich the uppe r 4- |- in. a r e expanded to an 
OD of 3-77 in. , fit c l o s e l y in the h o l e s of the g r i d p l a t e . The fuel a s s e m b l i e s 
a r e d e s c r i b e d wi th c o n s i d e r a b l e de ta i l in the Safety A n a l y s i s Repor t .W/ 
Comple t e d e t a i l s of the fuel a s s e m b l y m a y be .obtained by r e f e r e n c e to 
F i g . 13 and a s s o c i a t e d d r a w i n g s of th i s m a n u a l along w i th the c o r r e s p o n d 
ing b i l l s of m a t e r i a l s . T h e s e c o a x i a l , t ubu la r fuel a s s e m b l i e s have a c t i v e , 

13 
f u e l - b e a r i n g r e g i o n s wh ich a r e a p p r o x i m a t e l y 25 -77- in. long. 

As a r r a n g e d in the g r i d p l a t e and s u p p o r t e d on the p lenu in c h a m b e r , 
the ac t i ve r e g i o n s of the fuel a s s e m b l i e s f o r m a c y l i n d r i c a l c o r e wh ich is 

1 13 
about 16— in. in d i a m e t e r and 25T-7- in. in v e r t i c a l l ength . The c e n t e r of 
the c o r e is a p p r o x i m a t e l y 17—in. above the top of the p l e n u m c h a m b e r and 
is on a l ine jo in ing the c e n t e r s of the two i r r a d i a t i o n p o r t s of the r e a c t o r . 

Seven of the fuel a s s e m b l i e s in the c o r e a r e equ ipped wi th an a r 
r a n g e m e n t of t h e i r c e n t r a l t h i m b l e s differ ing f r o m tha t u s e d w i th the r e 
m a i n d e r of the a s s e m b l i e s . Th i s a r r a n g e m e n t , shown in F i g . 14 and 
F i g . 15, p r o v i d e s a c e n t r a l guide r o d o v e r w h i c h a t ubu l a r po i son e l e m e n t 
m a y be l o w e r e d and r a i s e d in any of t h e s e s e v e n fuel a s s e m b l i e s to con 
t r o l the n u c l e a r f i s s i on cha in r e a c t i o n . These po i son e l e m e n t s cons t i tu t e 
the r egu l a t i ng rod and the sa fe ty r o d s of the " J a n u s " r e a c t o r . De ta i l s of 
t h e s e fuel a s s e m b l i e s and the c o n t r o l r o d s m a y be ob ta ined by r e f e r e n c e 
to the d r a w i n g s i nd i ca t ed on the above f i g u r e s and the c o r r e s p o n d i n g b i l l 
of m a t e r i a l s . 

The o t h e r twe lve fuel a s s e m b l i e s in the r e a c t o r c o r e m a y employ 
e i t h e r c e n t r a l t h i m b l e s , w h i c h a r e f a b r i c a t e d of p l a in a l u m i n u m , or c e n t r a l 
t h i m b l e s , wh ich con ta in a p p r o x i m a t e l y 40 g of u r a n i u m highly e n r i c h e d in 
U^^^ and a l loyed wi th a l u m i n u m . T h e s e u r a n i u m - b e a r i n g t h i m b l e s conta in 
the fuel a l loy j a c k e t e d in a l u m i n u m , and a r e pos i t i oned s y m m e t r i c a l l y above 
and below the c e n t e r of the c o r e to m a t c h the 25-j^-in. l eng th of the r e s t of 
the c o r e . The f u e l - b e a r i n g t h i m b l e s m a y be i n s t a l l e d du r ing the in i t ia l 
loading and c a l i b r a t i o n of the r e a c t o r to supply a c l ean cold keff r ang ing 
f r o m about 1.5% A k / k to 7.5% A k / k . Th i s l o a d e d - i n r e a c t i v i t y wi l l p r o v i d e 
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F i g . 13. F u e l A s s e m b l y for the " J a n u s " I r r a d i a t i o n F a c i l i t y 
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F ig . 14. Typical "Janus" Safety Rod Mounted in a Fuel A s s e m b l y 
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for xenon and other fission product poisoning, fuel burnup, and negative 
t empera ture coefficient loss of react ivi ty for a convenient span of oper
ation at full power. 

All fuel a s sembl ie s can have hollow cylinders of beryll ium pos i 
tioned on their axes . The beryl l ium cylinders a re approximately 0.895 in. 
in OD., 0.380 in. in ID, and 24 in. long, with an inside and outside jacket 
of aluminum tubing of 0.049-in. wall th ickness . These cylinders a re 
located on the axes of the fuel a s sembl ie s so that their centers lie on a 
horizontal plane passing through the center of the core . When the fuel 
assembl ies have become charged with fission products , the beryl l ium 
in the reac tor core will serve to provide photoneutrons for reac tor 
s tar tup in addition to those supplied by an ant imony-beryl l ium source . 

B. The Control Rods 

Startup, adjustment of the operating power level, and shutdown of 
the reac tor a re normally to be accomplished by manipulation of the con
trol rods . Six of the controls rods a re to serve as shim-safety rods . The 
seventh, a r ranged for manual or automatic adjustment of its position in 
p rec i se ly indicated increments , is known as the regulating rod. The shim-
safety rods a re located in two rows of three rods each. These rows a re 
symmetr ica l ly a r ranged about the center of the core , one to the North and 
the other to the South of the regulating rod. 

Withdrawal of the shim-safety rods from the core of the reac tor 
will leave it with the built in react ivi ty of about 1.5% Ak/k which is sup
p re s sed by the regulating rod. Outward adjustment of the regulating rod, 
which is a r ranged to move along the axis of the reac tor core , will bring 
the fully loaded reac tor from subcri t ical to c r i t ica l . Fur ther outward 
motion and manipulation of the regulating rod along the common axes of 
the centra l fuel assembly and the core will enable the reac tor to be main
tained at a selected power level. 
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The poison sections of both the shim-safety rods and the regulating 
rod a re of s imi la r construction. F igures 14 and 15 show the general fea
tures of the control rods as a r ranged in corresponding fuel a s sembl ie s . 
Details of the construction of the control rods may be observed in Fig. 16. 
The control rods a re each constructed of 0.040-in.-thick cadmium sheet, 

7 

rolled and fused into cyl inders of approximately l - r - i n . OD. These 
cadmium cyl inders , 24 in. long, a r e formed on heavy-walled aluminum 
tubes machined to accommodate the cadmium l aye r s . They a re then made 
into tubular sandwiches of cadmium between aluminum by drawing together, 
for each assembly, a l a rge r aluminum tube slid over the cadmium-
encircled, heavier-wal led aluininum tube. The ends of each tubular 
sandwich a re sealed by welding. At the bottom end of a tubular cadmium-
aluminunn assembly , a wear ring and guide of ha rde r magnes ium-aluminum 
alloy with a smal le r ID is welded to the assembly . Similarly, a heav ie r -
walled dashpot section of the ha rde r alloy is welded to the top of the 
assembly. Small bleed holes communicate with the inter ior and exter ior 
of the dashpot sections near their tops. A cap of hard alloy is a r ranged 
to be attached to the top of each tubular assembly by screws and to be 
secured to an extension rod for connecting a control rod to its drive 
mechanism. 

C. The Reactor Tank 

The plenum chamber , grid plate, fuel a s sembl i e s , control rods , and 
other i tems mentioned in connection with the core a r rangement of the r e a c 
tor a r e mounted in a 48-T-"in.-OD aluminum tank. This tank has a wall 

1 

thickness of approximately—r-in. in the region around the core of the r e a c 
tor. The bottom of the tank is approximately 1 in. thick. Near the top, the 
wall of the reac tor tank is made heavier by welding to it a band of aluminum 
approximately— in. thick and 10 in. wide. A r im, 2 in. thick and 5 in. wide, 
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is welded to the thickened tank wall at the top. Stiffening gusse ts of -y- in . -
thick aluminum a re welded to the underside of the r im and the outside of 
the thickened tank wall to form a reinforced flange at the top of the tank for 
supporting the reac tor tank cover and radiation shield, as shown in Fig. 17. 

Penetra t ions a re provided in the tank cover and shield to a c c o m m o 
date aluminum pipes for circulat ion of the deionized reac tor water through 
the fuel a s sembl ie s of the core and through an external heat -exchanger 
system. Other penetrat ions through the cover provide a r r angement s for 
circulat ing the helium a tmosphere of the r eac to r , for installing a reac to r 
wa te r - l eve l indicator , for a rotatable plug over the r eac to r co re , and for 
accommodating other ins t rumentat ion openings which may be des i rab le du r 
ing loading of the r eac to r . 

A pneumatic rabbit and s tar tup neu t ron-source assembly is welded 
into the reac to r tank near the bottom of the tank. This U-shaped assembly , 
with one tube above the other , extends horizontal ly a c r o s s the tank. It is 
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F ig . 17. " J a n u s " R e a c t o r Tank A s s e m b l y 
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positioned a short distance above the plenum chamber, with the upper tube 
slightly below the core of the reac tor . The locations of the plenum chamber 
and the U-shaped neutron source- rabbi t facility in the reactor tank are 
shown in Fig. 18. The upper tube of the assembly serves to house an 
antimony-beryll ium neutron source for reactor s tartup. Details of this 
source assembly may be obtained from Fig. 19, the indicated detail draw
ings, and corresponding bills of ma te r i a l s . The lower tube of the U p r o 
vides means for pneumatic insert ion and withdrawal of so-cal led rabbit 
samples . 

112-1212 

Fig. 18. Installation of Plenum Chamber 

Provision has been made for insert ion and removal of the reactor 
tank during construction of the reactor or replacement of the tank if that 
should la ter become necessa ry . This is accomplished by leaving a stepped 
ver t ica l slot in the graphite, Boral , steel ring, and lead shielding that lie 
above the pneumatic rabbit and startup neutron-source facility, which is 
bolted to the rabbit and source assembly welded into the reactor tank, A 
matching stepped plug of graphite, Boral , and lead contained in an a lumi
num frame is attached to stiffening gussets of the tank. This plug slides 
into the slot when the reac tor tank is lowered into position on the support
ing members described in Sec, V.E, These features may be observed in 
Fig. 20. 
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F ig . 20. R e a c t o r Tank and At tached Stepped Sect ion of 
G r a p h i t e Sys t em P o i s e d for I n s e r t i o n 

The r o t a t a b l e plug occup ie s a pos i t ion in the tank cove r wi th i ts 
ax i s d i r e c t l y above the ax i s of the r e a c t o r c o r e . The r ad i a t i on shie ld ing 
p r o v i d e d by the r o t a t a b l e plug is equiva len t to the o the r p o r t i o n s of the 
tank c o v e r . P lugged openings a r e p rov ided in the ro t a t ab l e plug for in 
s e r t i o n or r e m o v a l of fuel a s s e m b l i e s and for ins ta l l ing the m e c h a n i s m s 
th rough which the r e a c t o r c o n t r o l r ods a r e d r iven . 

The e n t i r e r e a c t o r tank, a s s o c i a t e d piping, i n s t r u m e n t a t i o n , and 
con t ro l rod d r ive m e c h a n i s m s f o r m a gas t igh t s y s t e m th rough use of 
v a r i o u s g a s k e t s and s e a l s . De ta i l s of the r e a c t o r tank a s s e m b l y m a y be 
obta ined by r e f e r e n c e to those d rawings in the " J a n u s " Drawing Fi le wh ich 
a r e ind ica ted on Fig . 17 and to the c o r r e s p o n d i n g b i l l s of m a t e r i a l s . 
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D. The Cooling S y s t e m s 

1. G e n e r a l C o n s i d e r a t i o n s 

The hea t g e n e r a t e d in the " J a n u s " r e a c t o r du r ing n o r m a l 
o p e r a t i o n is v e r y l a r g e l y r e m o v e d by c i r c u l a t i o n of the r e a c t o r w a t e r 
t h rough twin m a i n h e a t e x c h a n g e r s . Th i s c i r c u l a t i n g s y s t e m is known 
a s the p r i m a r y cool ing s y s t e m . The hea t supp l ied to the p r i m a r y s y s 
t em c o m e s p r i n c i p a l l y f r o m the k i n e t i c e n e r g y of the f i s s i o n f r a g m e n t s , 
and f r o m the a lpha , be t a , and soft g a m m a r a d i a t i o n s f r o m the f i s s i o n 
p r o d u c t s wh ich a r e c o n v e r t e d into h e a t in the fuel e l e m e n t s and the o t h e r 
c o n s t i t u e n t s of the c o r e . Some add i t i ona l s m a l l a m o u n t of hea t f lows into 
the r e a c t o r w a t e r f r o m the g r a p h i t e , the B o r a l , and the d e n s e sh i e ld ing 
m a t e r i a l ou t s ide of the r e a c t o r t ank a s a r e s u l t of n e u t r o n s and g a m m a 
r a y s leav ing the r e a c t o r tank. T h e r e i s , of c o u r s e , a s m a l l a m o u n t of 
hea t g iven to the s u r r o u n d i n g s via the b io log ica l sh i e ld ing of the r e a c t o r . 

When the cool ing s y s t e m s a r e o p e r a t i n g , the r e a c t o r - p r o d u c e d 
hea t is t r a n s f e r r e d f r o m the p r i m a r y cool ing s y s t e m to the s e c o n d a r y 
cool ing s y s t e m t h r o u g h the twin h e a t e x c h a n g e r s m e n t i o n e d above . In the 
s e c o n d a r y s y s t e m , the hea t i s d i s s i p a t e d to the a t m o s p h e r e f r o m the h e a t 
e x c h a n g e r s to a cool ing t o w e r t h r o u g h the a g e n c y of o r d i n a r y l a b o r a t o r y 
w a t e r wh ich i s c i r c u l a t e d t h r o u g h the hea t e x c h a n g e r s and cool ing t o w e r . 

When the " J a n u s " r e a c t o r is o p e r a t e d at the a n t i c i p a t e d fu l l -
power l eve l of a p p r o x i m a t e l y 200 kw, the p r i m a r y coo lan t is e x p e c t e d to 
be pumped t h r o u g h the c o r e a t a r a t e of about 100 gpm. The s e c o n d a r y 
coo lan t wi l l t r a n s f e r the hea t f r om the r e a c t o r t ank to the cool ing t o w e r 
wi th a flow r a t e of about 70 gpm for e a c h hea t e x c h a n g e r . 

The two a l l - s t a i n l e s s s t e e l h e a t e x c h a n g e r s (with r o o m for a 
p o s s i b l e t h i r d ) , c o n n e c t e d in p a r a l l e l and equ ipped w i t h i s o l a t i n g v a l v e s 
for e a c h hea t e x c h a n g e r , have been s e l e c t e d a s the m e a n s for h e a t r e m o v a l 
f r o m the p r i m a r y cool ing s y s t e m . Th i s w a s done to p r o v i d e the f u l l - p o w e r 
h e a t - d i s s i p a t i o n c a p a c i t y w h i c h is i n d i c a t e d above and to have suff ic ient 
f lex ib i l i ty for a wide r a n g e of o p e r a t i n g p o w e r s be low the 200-kw l e v e l . 

Under n o r m a l o p e r a t i n g cond i t ions (200-250 kw), p a r a l l e l o p 
e r a t i o n of the hea t e x c h a n g e r s is e x p e c t e d to be m a i n t a i n e d . H o w e v e r , 
a t r e d u c e d power l e v e l s e i t h e r h e a t e x c h a n g e r m a y be i s o l a t e d to a id in 
the s t ab i l i t y of hea t r e m o v a l by s i m p l y c los ing the p r o p e r 2 - i n . i so l a t i ng 
v a l v e s ( see F i g . 21). 

In an effor t to a id h e a t - e x c h a n g e r m a i n t e n a n c e , the p r i m a r y 
coo lan t (de ion ized r e a c t o r w a t e r ) i s r o u t e d t h r o u g h the s h e l l s i d e s , and 
the s e c o n d a r y coo lan t ( l a b o r a t o r y w a t e r ) t h r o u g h the tube s i d e s of the e x 
c h a n g e r s . To f ac i l i t a t e the c l ean ing of t h e s e t u b e s and to a l s o i n s u r e the 
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c o m p l e t e d i s p l a c e m e n t of h e l i u m gas by the de ion ized w a t e r in the she l l 
s i d e s , the e x c h a n g e r s a r e m o u n t e d a t an inc l ina t ion of 45° to the 
h o r i z o n t a l . 

PVV PRIMARY VALVE VENT 

PV PRIMARY COOLANT VALVE 

RO REMOTE OPERATED 
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F ig . 2 1 . Schema t i c D i a g r a m of P r i m a r y Cooling Sys t em 

It m a y be noted f rom Fig . 22 that , a t n o r m a l c i r c u l a t i o n r a t e s , 
the coolan t p r e s s u r e s in the tubes wi l l be s o m e w h a t h ighe r than those in 
the s h e l l s of the hea t e x c h a n g e r s . B e c a u s e of t h i s , the p r i m a r y coolant 
could be sub jec t to in leakage of the s e c o n d a r y coolant if f a i l u r e s should 
o c c u r in the h e a t - e x c h a n g e r t ubes . The s e c o n d a r y coolan t wi l l pos s ib ly 
conta in r a t h e r l a r g e a m o u n t s of d i s s o l v e d po lyphospha te and o the r c o m 
pounds . Al though s u s t a i n e d o p e r a t i o n with in leakage could c a u s e s e r i o u s 
d i f f icu l t ies , e a r l y de t ec t ion , by m e a n s of a change in r ead ing of the con 
duct iv i ty ce l l s in the p r i m a r y coolant c leanup s y s t e m , wi l l p e r m i t a m i n 
i m u m a m o u n t of in l eakage con tamina t ion . Upon de t ec t ion of such in l eakage . 
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the r e a c t o r is to be i m m e d i a t e l y shut down and the coo lan t c i r c u l a t i o n 
c o m p l e t e l y s topped. After m a n 
ual c l o s u r e of v a l v e s P V - 1 3 , 14, 
15, and 16, w a t e r s a m p l e s f rom 
the indiv idual e x c h a n g e r s h e l l s 
m a y be taken via v a l v e s WS-3 
and W S - 4 , p r e f e r a b l y wi th the 
s e c o n d a r y coolan t p u m p s o p e r a t 
ing. A n a l y s i s of indiv idual 
s a m p l e s wi l l d e t e r m i n e the l e a k 
ing e x c h a n g e r . 

To r e d u c e the t ime and 
a m o u n t of in leakage e x p o s u r e of 
the r e a c t o r c o m p o n e n t s f u r t h e r , 
the c o n t a m i n a t e d v e s s e l w a t e r 
m a y be p u m p e d to the s t o r a g e 
tank th rough the c leanup s y s t e m 
(see F i g . 23). To in i t ia te th is 
c l eanup , a s s u m i n g that the m a i n 
hea t e x c h a n g e r s a r e s t i l l in the 
i s o l a t e d condi t ion (va lves P V - 1 3 , 
14, 15, and 16 c losed) and a l so 
a s s u m i n g that the r e s t of the 

p r i m a r y coolan t s y s t e m is in the n o r m a l ope ra t i ng condi t ion, one need only 
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Fig . 22. 
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F ig . 23 . R e a c t o r Coolant Cleanup Sys t em 
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close valves PV-5 , 17, and 18 and open PV-27. Then, by start ing one of 
the p r imary coolant pumps and opening PV-5 to one-quar ter open, the 
des i red flow (5 to 7 gpm) through the cleanup system to the storage tank 
may be obtained by adjustment of PV-18. Although this operation will 
remove all the p r imary coolant from the core and vesse l in one or 
two hours (depending on flow), no hazard is involved due to the low operat
ing power level of the reac tor . 

2, P r i m a r y Cooling System 

a. General Description 

The p r imary cooling circuit is a closed, deionized water 
loop with a pair of pumps, para l le l -opera ted heat exchangers , and reactor 
and storage vesse l s . With the exception of the pumps, heat exchangers 
and their isolating valves, and the in-line s t ra iner , which are of stainless 
steel construction, all components of this p r imary circuit are fabricated 
of aluminum or a luminum-magnesium alloys. 

In anticipation that the p r imary coolant will be operated 
with a pH value of approximately 6.5 to 7.0, it was real ized that the junc
tions of d iss imi lar meta ls were subject to possible galvanic corrosion. 
To prevent costly and t ime-consuming replacement of the corroded par t s , 
sacrif icial disks of aluminum were installed at all points where d i s s imi 
lar metal junctions occur. 

V/hen operation of the p r imary coolant system is of the 
normal or s teady-sta te type of operation, the circuit of the deionized 
water is a very simple one. Figures 21 and 23 are self-explanatory. 
Deviation from the s teady-sta te type of operation, e.g., filling or draining 
of the reactor or storage vesse l , will be explained in further detail in 
Appendix C. 

b. Heat Exchangers 

The main heat exchangers a re dual or twin stainless steel 
exchangers (see Table l). They a r e connected in para l le l and a re mounted 
45° from the horizontal , on the east wall of the reac tor equipment room. 
The heat exchangers a re of the single tube-sheet type with a four-pass 
cooling water circuit . 

Table I 

SPECIFICATIONS FOR THE HEAT EXCHANGER 

Tube Surface 

Heat Removal 
Tube Cleanliness 
Primary Water Flow(Stiell) 
Temperature at Primary Water Inlet 
Temperature at Primary Water Outlet 
Secondary Water Flow (Tubes) 
Temperature at Secondary Water Inlet 
Temperature at Secondary Water Outlet lOCF Material Type 316 Stainless Steel (Alll 

46 ft=' (Each) 
73.2 X 10* BTU/hr 
85% 
50 gpm (Each) 
IZS.e'F 
111.0°F 
70 gpm (Each) 
89°F 

Baffle Spacing 
Weight (Dry) 
Design Pressure 

Test Pressure 

Number of Tubes 
Size of Tubes 

6 in. 
130 lb (Each) 
225 psi (Shell) 
150 psi (Tubes) 
338 psi (Shell) 
225 psi (Tubes) 
116 (Each) 
3/8 X 22 BWG 
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c. P r i m a r y Coolant Pumps 

The reac tor water may be circulated by one or both of 
two p r imary coolant-circulat ing pumps (see Table II). These are s ingle-
stage, standard end-suction, centrifugal pumps, horizontally mounted on 
steel pedestals direct ly below the main heat exchangers . Their pumping 
charac te r i s t i cs a re indicated in Fig. 24. These monobloc motor-mounted 
pumps are ruggedly constructed to give long and dependable service . They 
are equipped with conventional splash-proof induction motors as the d r ive r s . 

Table II 

SPECIFICATIONS FOR PRIMARY COOLANT PUMPS 

Capacity 
Total Head 
N.P.S.H. 
Impeller Diameter 
Motor Horsepower 
Speed 
Voltages (3-phase, 60-cycle) 
Pump Mater ial 
Seal 
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100 gpm 
30 ft ^ See Fig. 24 
8 ft 
6-3/4 in. 
1-1/2 hp 
1750 rpm 
220/440 V 
300 se r i e s s tainless steel 
Mechanical type E.A. 

Fig. 24 

Performance Curves of Primary 
Coolant Pumps 
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Because the p r imary coolant must be considered as a 
hazardous fluid, which makes the necessa ry leakage from standard stuffing 
boxes objectionable, both pumps have been equipped with mechanical- type 
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shaft seals (see Fig. 25). No attention or adjustments to these seals are 
required; except for a possible slight initial leakage, they should operate 
with no leakage. 

REFNQ 

1 
2 
3 
4 
5 
6 
7 
8 

NAME OF PART 

BACK-UP RING 

SPRING 

COMPRESSION RING 

SHAFT PACKING 

SEAL RING ASSEMBLY 

SEAL BUSHING 

GASKETS (CLAMPS a CASING) 

CLAMP 
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Fig. 25. Mechanical Shaft Seal of P r i m a r y Coolant Pumps 

Under normal operating conditions, single pump operation 
is expected to be maintained with the other pump available as a standby. 
Simultaneous operation of both pumps is permiss ib le providing that, pr ior 
to start ing the second pump, a check is made to insure that its discharge 
valve is initially closed, and the pump motor shaft is observed not to be 
operating in r eve r se rotation. 

Before start ing any of the pumps, it is essent ia l that both 
the casing and suction pipe be completely filled with liquid. This priming 
may be accomplished by the method indicated in Appendix C. 

d. P r i m a r y Coolant Screen Assembly 

The p r imary coolant screen is of the min imum-res i s tance 
design and is located in the horizontal reactor coolant inlet line, directly 
above the twin main heat exchangers . The p r imary purpose of this screen 
assembly is to afford the necessa ry protection to the fuel-element cladding 
and coolant channels from lacerat ion and obstruction by foreign objects 
ca r r i ed along with circulating coolant. 

Because of the construction mate r ia l (stainless steel) and 
also because the coolant-flow-measuring device contains no moving par ts 
that could possibly fail and be ca r r i ed away with the effluent, the location 
of the screen assembly was selected to reduce the number of pipe junctions 
subjected to galvanic action. 

Complete details of the screen assembly may be found in 
the assembly drawing RO-1-1182-C. 



e. P r i m a r y Coolant S to rage 

The p r i m a r y coo lan t s t o r a g e tank , w h i c h h a s a c a p a c i t y 
of ~750 ga l , is of a l l - a l u m i n u m c o n s t r u c t i o n and is l o c a t e d in the v e r t i c a l 
pos i t i on at the s o u t h w e s t c o r n e r of the r e a c t o r e q u i p m e n t r o o m . 

B e c a u s e of r a t h e r g e n e r o u s d i m e n s i o n s of th i s tank, 4 ft 
in d i a m e t e r and s t and ing s l igh t ly h i g h e r than 10 ft, i n s e r t i o n of th i s v e s s e l 
into the r e a c t o r e q u i p m e n t r o o m w a s m a d e p r i o r to c o m p l e t i o n of the 
bui ld ing c o n s t r u c t i o n . 

The — - i n . - t h i c k a l u m i n u m f l anges tha t a r e bo l t ed and 
g a s k e t e d to both t h e top and bo t tom of th i s t ank con ta in the w e l d e d a l u m i 
num pipe f i t t ings tha t p r o v i d e e n t r a n c e and exi t p a s s a g e for both the p r i 
m a r y coolan t and i t s h e l i u m a t m o s p h e r e . 

Th i s v e s s e l is in t ended for s t o r a g e of a l l or any p a r t of 
the p r i m a r y coo lan t . No a t t e m p t w a s m a d e to u s e th i s v e s s e l a s a safe ty 
d e v i c e , such a s a d u m p tank . The s o m e w h a t s i m i l a r r a d i a l d i m e n s i o n s 
and d i f fe rence of r e l a t i v e e l e v a t i o n s of the r e a c t o r and s t o r a g e v e s s e l s 
( see F ig . 21) do p r o v i d e a m e a n s of l o w e r i n g the p r i m a r y coo lan t in the 
r e a c t o r v e s s e l to any d e s i r e d l e v e l tha t is e a s i l y p r e d e t e r m i n e d by s i m p l e 
add i t ion or r e m o v a l of the e x c e s s p r i m a r y coo lan t m a i n t a i n e d in the s t o r a g e 
tank. However , due to the r e l a t i v e l y long t i m e r e q u i r e d for t h i s o p e r a t i o n , 
it m u s t be c o n s i d e r e d a s an a n t i - s t a r t u p dev ice r a t h e r than a s h u t - d o w n 
f e a t u r e . 

3. S e c o n d a r y Cooling S y s t e m 

a. G e n e r a l C o n s i d e r a t i o n s 

The s e c o n d a r y c i r c u l a t i n g w a t e r s y s t e m s e r v e s to r e m o v e 
tha t quant i ty of hea t w h i c h is t r a n s f e r r e d to the p r i m a r y coo lan t loop f r o m 
the r e a c t o r fuel e l e m e n t s , and thus f o r m s a b a l a n c e of h e a t input and r e 
m o v a l to the p r i m a r y coo lan t . The m e a n s of t r a n s f e r r i n g the h e a t f r o m 
the p r i m a r y coo lan t to the s e c o n d a r y w a t e r is a c c o m p l i s h e d by c o n v e c t i o n 
and conduc t ion in the twin h e a t e x c h a n g e r s . Hea t r e m o v e d by the s e c o n d a r y 
c i r c u l a t i n g w a t e r is to be d i s s i p a t e d to the a t m o s p h e r e by m e a n s of a 
s t a n d a r d , p a c k a g e - t y p e cool ing t o w e r . 

The s e c o n d a r y cool ing s y s t e m h a s a c a p a c i t y of only 
225 ga l and wi l l c i r c u l a t e 140-160 gpm. Of t h i s t o t a l , 140 g p m w i l l be 
d i r e c t e d t h r o u g h the twin h e a t e x c h a n g e r s , thus l e av ing 10-20 gpm of 
cool ing w a t e r for the a n t i c i p a t e d sh i e ld or a u x i l i a r y cool ing s y s t e m . 
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B e c a u s e of the s i m p l i 
ci ty of the s e c o n d a r y cooling c i r c u i t , 
the i s o m e t r i c piping d i a g r a m 
found in F ig . 26 is s e l f - e x p l a n a t o r y . 
If f u r t h e r de t a i l s a r e r e q u i r e d , 
they m a y be found on plant e n g i 
n e e r i n g d rawing P E - 2 0 2 - 8 3 . 

b . Coolina Tower 

The hea t r e m o v e d by 
the s e c o n d a r y c i r cu l a t i ng w a t e r 
is d i s s i p a t e d to the a t m o s p h e r e 
by a M a r l e y Model 4360 Aqua 
Tower (see Table III), l oca t ed 
n o r t h of the r e a c t o r bui ld ing . 
The des ign r e q u i r e m e n t s of this 
t ower a r e to cool 140 gpm of 
w a t e r f r om 100°F to 88°F a t a 
we t bulb t e m p e r a t u r e of 78°F. 
The cooling tower ca s ing , bas in , 
fan, and fan v e n t u r i a r e f a b r i c a t e d 
of heavy gage s t e e l , then ho t -d ip 
ga lvan i zed for c o r r o s i o n p r o t e c t i o n . 
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Fig . 26. Schemat i c D i a g r a m of 
Secondary Cooling Sys t em 

The e s t i m a t e d vo lume 
of w a t e r held in the a l l - m e t a l b a s i n 
is c lose to 100 gal . The m a k e - u p 

rate to the cool ing t ower is e s t i m a t e d to be 17 to 20 gpm. 

Table III 

COOLING TOWER SPECIFICATIONS 

Quantity of Water 140 gpm 
Temperature of Water to Tower 100°F 
Temperature of Water from Tower 88°F 
Wet Bulb Temperature 78°F 
Spray Loss (percent) 0.2 
Estimated Evaporation Loss (percent) 1.0 
Number of Cells 1 
Number of Motors and Fans 1 
Type of Drier (fan) Belt 
Diameter of Fan 40 in. 
Speed of Fan, rpm 720/360 

Speed of Motor, rpm I8OO/9OO 
Fan-motor Rating 3 hp, 3/60/44O 
Number of Fan Blades 9 
Material of Fan Blade Steel 
Material of Fan Shaft Stainless Steel 
Bearing Material for Fan Shaft Bronze 
Fill Material Redwood 
Material for Drift Eliminators Redwood 
Pump Head 8.5 ft 
Dry Weight 2,835 lb 
Maximum Operating Weight 5,655 lb 

Although l a b o r a t o r y w a t e r is u sed for the s e c o n d a r y cool
ing systemi, it wi l l be m o r e or l e s s cont inual ly t r e a t e d wi th su l fur ic ac id 
and po lyphospha te compounds to m a i n t a i n a pH and r e s i d u a l phospha te 
value that wi l l be conducive to a m i n i m u m tendency for s ca l e f o r m a t i o n 
by the w a t e r . 
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Again, to maintain versa t i l i ty in the hea t - remova l equip
ment, a sheet metal damper extension containing an opposed blade damper 
was installed on the dry air side of this c ross -d ra f t tower. The blade 
damper is operated by a i r , through a Johnson Service Company #4 Damper 
Motor, that is in turn controlled by a T-800 thermos ta t and thermo bulb 
mounted in the tower basin close to the opening in the suction line. To 
protect the tower basin from freezeup and to aid reac tor s tar tup in cold 
weather , a 1-:—in. s team line has been instal led in the tower basin. The 

' 4 

automatic feature of the s team line, tower blade damper , and water m a k e 
up will require little or no attention by the operating personnel . 

c. Secondary Coolant Pumps 

The two secondary coolant pumps located below the twin 
heat exchangers at the nor theas t corner of the reac tor equipment room 
a re of the type #2-RVN-5, s ingle-s tage , end-suct ion, ver t ica l ly split, 
Cameron centrifugal motor pumps (see Table IV). Each pump is fitted 
with iron casing, bronze impel le r , bronze shaft s leeve, and is close coupled 
through a hea t - t rea ted steel shaft to a 5-hp, ba l l -bear ing , splash-proof, 
squ i r re l cage induction motor . The performance cha rac t e r i s t i c s of the 
pumps are given in Fig. 27. 

Table IV 

SPECIFICATIONS FOR SECONDARY 
COOLANT PUMPS 

Liquid Water 
Specific Gravity 1.0 
Suction Head Flooded 
Flow, gpm 250 
Total Head, ft 50 
rpm 3450 
Efficiency 67% 
B.H.P. 4.7 
Motor 5 hp /3 /60 /220 /440 
Impeller Diameter , in. 5 

Operation of the secondary coolant pump is very s imi la r 
to that of the p r i m a r y pumps. It was mentioned in Sec. D.2.c. that, under 
normal operating conditions, single pump operat ion is expected to be ma in 
tained, the other pump being available as a standby. However, s imultaneous 
operation of both pumps is pe rmis s ib l e providing that, p r io r to start ing 
the second pump, a check is made to insure that its d ischarge valve is 
closed, and the pump motor shaft is observed not to be operating in r e v e r s e 
rotation. The preceding l imits on simultaneous pump operat ion apply to 
the secondary coolant pumps as well . 
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F i g . 27. P e r f o r m a n c e C h a r a c t e r i s t i c s of 
Seconda ry Coolant P u m p s 

d. Seconda ry Coolant S t r a i n e r s 

Two Y - p a t t e r n s e d i m e n t s e p a r a t o r s a r e in s t a l l ed in the 
3- in . suc t ion l ine , s l igh t ly above the s e c o n d a r y coolant pumps on the n o r t h 
wa l l of the r e a c t o r equ ipmen t r o o m . Simple des ign , rugged c o n s t r u c t i o n , 
and l a r g e s c r e e n i n g a r e a m a k e the se s e p a r a t o r s excep t iona l ly eff ic ient in 
p r o t e c t i n g e q u i p m e n t a g a i n s t d a m a g e f rom d i r t , g r i t , s c a l e , and a l l fo re ign 
m a t t e r in the w a t e r l i n e s . The s e p a r a t o r s not only p r e v e n t p a s s a g e of 
fo re ign m a t t e r , but a l s o fu rn i sh a pocke t for i ts a c c u m u l a t i o n , f r om which 
the m a t t e r can be e a s i l y r e m o v e d th rough the blow-off connect ion . The 
two Y - p a t t e r n s e p a r a t o r s , m o u n t e d in p a r a l l e l , a r e equipped wi th the n e c e s 
s a r y i so la t ing v a l v e s to f ac i l i t a t e c h a n g e o v e r and c lean ing wi thout s y s t e m 
shutdown. 

4 . Aux i l i a ry S y s t e m s 

a. P r i m a r y Coolant P u r i f i c a t i o n 

( l ) G e n e r a l 

The p r i m a r y p u r p o s e of a pu r i f i ca t i on o r s o - c a l l e d 
c leanup s y s t e m is to p r o t e c t the f u e l - e l e m e n t c ladding for i t s full c o r e 
life o r cyc le t i m e f r o m c o r r o s i o n and s c a l e f o r m a t i o n that could, if left 
unde tec ted , l ead p o s s i b l y to f a i lu re of the c ladding m a t e r i a l and d i s p e r s i o n 
of f i s s i on p r o d u c t into the coolant . 
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It is a wel l -es tabl ished fact that water puri ty is a 
major factor in the cor ros ion res i s tance of reac to r sys tems . Soluble ions 
and insoluble corros ion products that would acce le ra te cor ros ion , erosion, 
or deposition on hea t - t r ans fe r surfaces must be continually controlled. In 
the "Janus" reac to r , this control is accomplished by removal of the soluble 
ions and insoluble par t ic les through retention in the mixed-bed ion-exchange 
res ins and their protect ive f i l te rs . 

Under normal operating conditions, 4-5 gpm of the 
p r imary coolant is side s t r eamed from the p r e s s u r e side of the p r imary 
circulating pumps (see Fig. 21) through a 1-in. s ta inless s teel-pipe heat 
exchanger, and then on through to the purification equipment that is located 
on the west wall of the r eac to r equipment room. After the side s t r eam is 
passed through the purification equipment, it will normally be re turned to 
the main coolant s t r eam via the suction side of the circulat ing pumps. In
stallation of the purification sys tem is shown in Fig. 23. It consis ts of a 
flow mete r , conductivity cel ls , f i l te rs , res in column, pH flow cell , and the 
necessa ry local read-out ins t ruments , wa te r - sample s tat ions, valves and 
pipings. 

(2) Flow Meter 

The flow m e t e r , instal led in the r eac to r purification 
system, is a Brooks Model #1140, size 10, full-view ro tamete r that is 
cal ibrated for 0-10 gpm (at a specific gravity of 1.0). This p ipe- l ine-
mounted ins t rument is well constructed to withstand the s t r e s s e s and 
vibrations inherent in piping instal lat ions. The heavy-wall g lass tube 
with its Teflon packing is well protected by a safety shield composed of 
s tainless steel and safety g lass . All metal pa r t s that come in contact with 
the coolant a re 300 se r i e s s ta in less s teel . Table V re la tes the maximum 
operating t empera tu res and p r e s s u r e s . 

Table V 

SPECIFICATIONS FOR FLOV/ METER 

P r e s s u r e Reduction 
Max P r e s s u r e Max Temp above 200°F 
(psig) at 200°F (°F) (psi/°F) 

200 400 0.45 

It may be seen from Table V and the operational curves 
of the p r imary coolant pumps (see Fig. 24) that, if for some reason max i 
mum pump p r e s s u r e at maximum operating t empera tu re of the reac tor 
coolant is applied to the flow me te r , a safety factor of ten (lO) or g rea t e r 
r emains . 



(3) Conductivity Cells 

The conductivity cells used to monitor the quality of 
the p r imary coolant both before and after its passage through the mixed 
r e s in bed a r e of the inser t ion type. This insert ion-type cell will pe rmi t 
removal , repa i r , or replacement without shutdown of the purification s y s 
tem. The Industrial Instrument, Inc., cell model #CEL-I-(SS)-002-K-A 
used is so constructed that all the wetted metal pa r t s , including the isola
tion valve, a r e of Type 316 s ta inless steel. Tempera ture elements a re in
cluded in each cell for automatic tempera ture compensation. Detail 
dimensions of this insert ion-type cell and its e lec t r ica l schematic may be 
found in drawing No. RO-1-1294-C. 

Readout of either cell 
in specific conductance 
(micromhos/cm^) is accomplished 
through an Industrial Instrument 
Type Rl indicator control ler . 
This indicator is mounted on the 
west wall of the reactor equip
ment room directly above the 
purification system (see Fig. 28). 
Although this indicator controller 
is the only means available for 
conductivity readout, it may be 
easily equipped with the necessary 
re lays to sound an a la rm at the 
reac tor control center when cool
ant quality reaches a p r ede t e r 
mined limit. 

(4) F i l t e r s 

The fi l ters selected 
for installation before and after 
the mixed res in bed a re Ful -F lo 
Models SSB 10 3/4. The shell 
and internal f i l t e r -car t r idge 
holder are fabricated of Type 316 
s ta inless s teel . Each unit con
tains one cotton-thread, honey
comb filter tube. Although a 
20-jU-rated filter tube was s e 

lected for the initial operation of the system, a 5 - to 10- / i - ra ted filter 
tube may be used as water quality improves . 

144-288 

Fig. 28. "Janus" Cleanup System and 
Associated Instruments 
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The p r e - f i l t e r unit is e x p e c t e d to r e m o v e and t r a p 
about 90 p e r c e n t of the inso lub le c o n t a m i n a n t s and p r e v e n t p lugging of the 
m i x e d r e s i n ion c o l u m n s . 

The a f t e r - f i l t e r is in tended to r e m o v e and r e t a i n any 
r e s i n p a r t i c l e s that m a y be f lu shed out of the r e s i n bed. 

Dur ing n o r m a l o p e r a t i o n , the r a d i o a c t i v i t y l e v e l s of 
the f i l t e r s a r e e x p e c t e d to be low, and no p e r m a n e n t sh ie ld ing is f u r n i s h e d . 
However , the f i l t e r un i t s a r e i n s t a l l e d c l o s e enough to the r e s i n c o l u m n so 
tha t a p o r t a b l e sh ie ld s e c t i o n m a y be u s e d to r e d u c e ac t i v i t y l e v e l s p r o d u c e d 
by a l l t h r e e i t e m s . 

(5) Mixed R e s i n Bed 

The m i x e d r e s i n ion exchange c o l u m n is the m a j o r 
componen t of the p u r i f i c a t i o n s y s t e m . The c o n t a i n e r u s e d for the r e s i n 
is c o n s t r u c t e d f r o m Type 304 s t a i n l e s s s t e e l . It h a s a 5- in . ID and is 
44 in. long ( see D r a w i n g RO-1 - 1286-D) . Th i s unit con t a i n s c l o s e to 0.5 ft 
of a un i fo rm m i x t u r e of I L L C O N R - 1 (8% DVB ca t ion e x c h a n g e r in the 
h y d r o g e n f o r m ) and I L L C O NR-2 (Type I anion e x c h a n g e r in the h y d r o x i d e 
f o r m ) in the a p p r o x i m a t e p r o p o r t i o n of 1:1. Due to the p r e s e n t p r a c t i c e 
of not r e g e n e r a t i n g r a d i o a c t i v e r e s i n s , no p r o v i s i o n for b a c k w a s h i n g w a s 
i n c o r p o r a t e d in the d e s i g n of the r e s i n c o n t a i n e r . 

The s e l e c t i o n of a n u c l e a r g r a d e of r e s i n w a s m a n 
d a t o r y due to the fac t tha t o r d i n a r y i o n - e x c h a n g e r e s i n s con ta in so lub le 
o r g a n i c m a t t e r , heavy m e t a l s , and c h l o r i d e s tha t could c o n t a m i n a t e the 
r e a c t o r coo lan t s y s t e m . In the s o - c a l l e d r e a c t o r - g r a d e r e s i n s , o r g a n i c 
m a t e r i a l s a r e r e m o v e d by w a s h i n g w i th hot w a t e r and a l coho l . The i n 
o r g a n i c i m p u r i t i e s a r e r e m o v e d , a t l e a s t to a m i n i m u m l e v e l , by cyc l ing 
wi th s t r o n g a c i d s and c a u s t i c soda The r e s i n s a r e then r e g e n e r a t e d , u s ing 
r e g e n e r a n t c h e m i c a l s of su i t ab l e p u r i t y . 

The m i x e d - b e d r e s i n c o l u m n is e x p e c t e d to m a i n t a i n 
r e a c t o r coo lan t qua l i ty c lose to a 1 - m e g o h m spec i f i c r e s i s t a n c e and a pH 
of 6.5 to 7 .0 . 

(6) pH Flow Cel l 

A B e c k m a n n'18501 s t a i n l e s s s t e e l flow c h a m b e r , 
equipped w i t h the p r o p e r g l a s s e l e c t r o d e , r e f e r e n c e e l e c t r o d e , t h e r m o 
c o m p e n s a t o r , and pH r e a d - o u t i n d i c a t o r , w a s i n s t a l l e d a s p a r t of the 
pu r i f i c a t i on s y s t e m , and is l o c a t e d a d j a c e n t to the s t o r a g e tank on the 
w e s t w a l l of the r e a c t o r e q u i p m e n t r o o m . 
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The valves and piping that provide the connection of 
the flow chamber to the purification system have been a r ranged to allow 
pH measu remen t of reac tor coolant before or after its flow through the 
mixed res in bed. 

The normal precaut ions to prevent overpressur iz ing 
of the flow chamber and contamination of reac tor coolant by electrolyte 
entrance due to breakage of the glass reference electrode have been taken. 
To prevent overpressa r i za t ion of the flow chamber , a simple standpipe 
has been instal led to l imit the hydrostat ic head that may be applied (see 
Fig. 23). 

A relat ively smal l , mixed-bed res in column is in
stalled on the discharge side of the flow chamber to insure a minimum of 
contamination to the reac tor coolant from a possible introduction of a 
potass ium chloride (KCl) solution in case of accidental breakage of the 
glass reference junction. Details of the pH cell res in bed may be found 
in Drawing RO-1-1285-C. 

b. Skimmer and Level-control System 

(l) General 

Experience with s imi lar ly constructed reac to r s has 
shown that a surface film or scum, consisting of aluminum and aluminum 
oxide pa r t i c l e s , forms on the surface of the coolant-ref lector inside the 
reac to r vesse l . Although this surface film seems apparently h a r m l e s s to 
most r eac to r sys tems , with the exception of a possible slight increase in 
the rate of water decomposition, t e s t s with the "Janus" safety rods and 
operat ional experience with the CP-5 regulating rod indicate that this su r 
face film may well be the major factor determining operational or cycle 
life expectancy of any control device that has its hardware penetrating it. 

To maintain a control- and safety-rod cycle life ex
pectancy that may be in keeping with the philosophy of the reac tor design, 
a sys tem for continuous skimming of the coolant surface was designed and 
installed as an addition to the device for control of r eac to r vesse l level. 
The major components of the sys tem a re located on the south wall of the 
reac tor equipment room with the exception of the sk immer unit, which is 
located in the reac tor vesse l shield. 

The excess inventory of p r i m a r y coolant that is main
tained in the s torage tank is pumped through a control valve and flow me te r 
to a wa te r - j e t eductor or a sp i ra to r (see Fig. 29), where the liquid en te rs 
a p r e s s u r e nozzle and produces a high-velocity jet . This jet action c rea tes 
a vacuum in the pipe line connecting the eductor to the sk immer unit that 
is located in the r eac to r vesse l , thus causing a flow of a mixture of liquid, 
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gas, and scum (depending on reac tor liquid level) up to the body of the 
eductor, where it is entrained by 
the p r e s su r i zed liquid. Both the 
p re s su r i zed liquid and the mix
ture of liquid, gas, and scum a re 
mixed in the throat of the eductor 
and are discharged against back 
p r e s su re to a filter unit that will 
remove the entrained par t ic les 
of aluminum and aluminum oxide. 
After passing through the filter 
unit, the l iquid-gas mixture p r o 
ceeds to the storage vesse l , 
where separat ion of the gas and 
liquid takes place. To maintain 
a continuous skimming action, it 
is necessa ry to replace the same 
quantity of liquid to the reac tor 
vesse l that is removed by the 
eductor. This is accomplished 
by side s t reaming a certain 
amount of liquid from the p r e s 
sure side of the sk immer pump, 
through an independent control 

valve and flow mete r , and discharging it into the suction side of the p r i 
mary-coolant circulating pumps. 

3 PRIMARY COOLANT 
SUCTION LINE 
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Fig. 29. Schematic Diagram of "Janus" 
Skimmer System 

Although the continuous skimming of the liquid s u r 
face film in the reactor vesse l is to be considered important , it mus t be 
remembered that an equally important function of this system is to com
pensate automatically for tempera ture changes in the p r imary coolant 
system, and thus maintain a constant reac tor liquid level. 

(2) Flow Meters 

The Schutle and Koerting para l le l -mounted flow 
m e t e r s installed in the sk immer- leve l -con t ro l system are located adja
cent to the pipe cavity on the south wall of the reac tor equipment room. 

These flow m e t e r s a re of the full-view ro tamete r 
type, and are cal ibrated for 0-20 gpm (for a specific gravity of 1.0). The 
heavy-wall glass flow tubes and their Teflon seals a re well protected by a 
safety shield composed of s tainless steel and safety g lass . As in the case 
of the c leanup-system flow m e t e r s , all meta l par t s that come in contact 
with the reac tor coolant a re 300 se r i e s s tainless steel . 
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(3) S k i m m e r P u m p 

The s k i m m e r - l e v e l - c o n t r o l s y s t e m p u m p is a s i n g l e -
s t a g e , s t a n d a r d - e n d suc t ion , cen t r i fuga l type ( see Tab le VI), h o r i z o n t a l l y 
m o u n t e d on a s t e e l p e d e s t a l d i r e c t l y below the s t o r a g e v e s s e l a t the south 
wa l l of the r e a c t o r e q u i p m e n t r o o m . Th is m o n o b l o c k m o t o r - m o u n t e d p u m p 
is c o n s t r u c t e d of the s a m e m a t e r i a l and in the s a m e m a n n e r a s the p r i m a r y 
coo lan t pump . 

T a b l e VI 

S P E C I F I C A T I O N S F O R SKIMMER P U M P 

Capacity 
Total Head 
N.P.S.H. 
Impel ler Diameter 
Horsepower 
Speed 
Voltage (3-phase, 60-cycle) 
Pump Mater ia l 
Seal 

40 gpm 
40 ft 
10 ft 
4 - m. 
1.5 
3600 rpm 
220/440 
300 se r i e s stainle 
Mechanical type E 

(4) W a t e r - j e t E d u c t o r 

The w a t e r - j e t e d u c t o r l o c a t e d in the piping cavi ty at 
the s o u t h e a s t w a l l of the r e a c t o r e q u i p m e n t r o o m is a Schut le and Koer t ing 
Type #264, s i ze # 1 , and is t o t a l ly c o n s t r u c t e d of Type 316 s t a i n l e s s s t e e l . 

A w a t e r - j e t e d u c t o r of th i s d e s i g n is u s e d p r i n c i p a l l y 
for l iqu id pumping and m i x i n g o p e r a t i o n s . In t h i s c a s e , the e d u c t o r wi l l 
a l low both the p r e s s u r i z e d l iquid and the l iquid and gas m i x t u r e r e m o v e d 
f r o m the r e a c t o r v e s s e l by the s k i m m e r unit to be t ho rough ly m i x e d in the 
t h r o a t of the e d u c t o r and to be d i s c h a r g e d to the s y s t e m f i l t e r . The s t r e a m 
l ined body, wi th no p o c k e t s , p e r m i t s the p r e s s u r i z e d l iquid to m o v e s t r a i g h t 
t h r o u g h the e d u c t o r and r e d u c e s the p o s s i b i l i t y of s o l i d s in the suc t ion l iquid 
f r o m co l l ec t ing and c logging . 

(5) F i l t e r Unit 

The f i l t e r unit i n c o r p o r a t e d in t h i s s y s t e m is loca ted 
on the w e s t w a l l of the piping cav i ty in the r e a c t o r e q u i p m e n t r o o m . 

T h i s f i l t e r is e x p e c t e d to r e m o v e and t r a p at l e a s t 
90 p e r c e n t of the a l u m i n u m - a l u m i n u m oxide p a r t i c l e s tha t a r e e n t r a i n e d 
in the l i q u i d - g a s m i x t u r e r e m o v e d f r o m the r e a c t o r v e s s e l by the s k i m m e r 
and e d u c t o r . To p r e v e n t the f i l t e r uni t f r o m b e c o m i n g gas bound and thus 
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limiting the a r ea of filtering ma te r i a l and filter life, a special filter unit 
containing six (6) honeycomb filter tubes in a hel ium-gast ight aluminum 
container was designed, constructed, and installed. Fur ther details of this 
filter unit may be found on Drawing RO-1-1272-C. 

During normal operation, the radioactivity level of the 
filter unit is expected to be ra ther high due to activation of the aluminum 
oxide par t i c les . But the choice of location (in the piping cavity) and the 
addition of portable shielding blocks, if needed, will reduce activity levels 
to well below the accepted maximum for operating personnel . 

(6) Skimmer Unit 

The adjustable sk immer unit, located in the southeast 
quar ter of the r eac to r vesse l shield, is composed of essent ia l ly two p r in 
cipal pa r t s : a 1- in , -diameter aluminum tube that is approxinnately 31 in. 
long, and a s ta inless s teel annular shield plug that will contain the alu
minum tube and the neces sa ry seal mechanism for sealing the annular 
shield plug to both the aluminum tube and the reac tor ve s se l shield. 

When the reac tor vesse l coolant is at its normal oper 
ating level and when the sk immer unit is p roper ly bolted down in place, the 
aluminum tube section of the sk immer will prot rude through the shield just 
far enough to break the coolant-ref lector surface. 

Fur the r details of the sk immer unit may be found on 
drawing RO-1-1284-B, 

c. Helium Systems 

(l) General Considerat ions 

There a r e two helium sys tems assoc ia ted with the 
"Janus" reac tor which have the genera l p r i m a r y function of supplying a con
trol led a tmosphere of iner t gas (helium) in their respec t ive zones of the r e 
actor . In pa r t i cu la r , the systena associa ted with the graphite reflector and 
the rmal ize r region of the r eac to r is called the graphite hel ium system. The 
other system, known as the r eac to r helium system, is contained within the 
reac tor tank or vesse l and the var ious branches of its p r i m a r y coolant sys 
tem. Both helium sys tems have a common supply consist ing of hel ium gas 
cylinders and regulating valves feeding into the sys tems through an ins t ru 
ment panel, as indicated in Fig. 30 and Drawing No. RO-1-1281-B, 
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(2) The G r a p h i t e H e l i u m S y s t e m 

The g r a p h i t e h e l i u m supply is l oca t ed on the no r th 
wal l of the r e a c t o r equ ipmen t r o o m . The h e l i u m f r o m the h i g h - p r e s s u r e 
gas cy l inde r or c y l i n d e r s is r e d u c e d in p r e s s u r e by the r e g u l a t o r valve 
a t t a ched to the c y l i n d e r . One s ide of a b r a n c h l ine connec t ion to the output 
of the above r e g u l a t o r d i r e c t s the h e l i u m into a s t a i n l e s s s t e e l s u r g e tank 
equipped with a p r e s s u r e - r e l i e f va lve se t for r e l e a s e at 10 ps ig . F r o m 
the s u r g e tank, the h e l i u m l ine l e ads to the i n s t r u m e n t pane l w h e r e the 
s u r g e tank p r e s s u r e is i nd ica ted and w h e r e ano the r p r e s s u r e - r e d u c i n g 
s t a t i on is loca ted . Th i s second r e g u l a t o r is ad jus ted to r e d u c e the h e l i u m 
p r e s s u r e to the equ iva len t of about 10-12 in. of w a t e r above a t m o s p h e r i c 
p r e s s u r e . P r e s s u r e and flow m e t e r s on the i n s t r u m e n t pane l mon i to r the 
h e l i u m which is fed f r o m the second p r e s s u r e - r e d u c i n g s t a t ion to the 
g raph i t e he l i um s y s t e m ind ica ted in Fig . 30. Th i s h e l i u m is d e l i v e r e d 
d i r e c t l y th rough coppe r tubing to one side of the p r i n c i p a l g r a p h i t e zone 
of the r e a c t o r . The oppos i t e s ide of th i s g r a p h i t e zone is connec ted by a 
vent l ine to an o i l - f i l l ed , m a n o m e t e r - t y p e , v o l u m e t r i c - c o n t r o l dev ice . 
Th i s v o l u m e t r i c - c o n t r o l dev ice is f a b r i c a t e d f r o m two r e l a t i v e l y l a r g e -
d i a m e t e r , v e r t i c a l m e t a l t ubes jo ined toge the r n e a r t h e i r bo t tom ends by 
one or m o r e s m a l l - I D c r o s s tubes pos i t ioned h o r i z o n t a l l y in a v e r t i c a l 
p l ane . Th i s dev ice is r e p r e s e n t e d in F ig . 31 by the de s igna t i on G E T - 1 . 
It m a y a l s o be o b s e r v e d in F ig . 30. 
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When the ba romet r i c p r e s s u r e is constant, a small 
flow of helium from the vent line bubbles through the c ross tube from the 
l a rge -d iamete r closed tube, where the oil level is lower, into the other 
l a rge -d i ame te r tube, where the oil level is higher, and escapes to the 
building exhaust system. If the ba romet r i c p r e s s u r e dec reases , the ra te 
of bubbling inc reases for a short t ime until a corresponding decrease 
occurs in the absolute p r e s s u r e of the helium in the graphite zone. If, in
stead, the ba rome t r i c p r e s s u r e inc reases , there will be a t ransfer of oil 
from the outer large tube to the inner la rge tube via the c ross tube until 
the p r e s s u r e in the graphite zone plus the differential p r e s s u r e due to the 
oil columns balances the ba romet r i c p r e s s u r e . For a change to a steady, 
higher ba rome t r i c p r e s s u r e , there will be a gradual buildup of the graphite 
helium p r e s s u r e . The r a t e of buildup will be related to the flow condition 
established at the helium inst rument panel. As the graphite helium p r e s 
sure i nc rease s , the oil levels in the volumetr ic -cont ro l device will r e tu rn 
to the initial condition described, and the helium will again be vented from 
the graphite zone by the escaping bubbles. The ventilating sys tem of the 
reac tor equipment room will c a r r y the escaping helium to the exhaust 
stack for the "Janus" building. 

(3) The Reactor Helium System 

The reac to r helium sys tem employs a gasometer or 
gasholder with a floating section of piston to provide volumetr ic control. 
The helium from the s ta inless s teel surge tank, where the p r e s s u r e is 
l imited to approximately 10 psig, pas ses through an additional p r e s s u r e -
reducing station where it is reduced to a p r e s s u r e equivalent to that of 
about 2-3 in. of water . F r o m this station, the helium is fed into the gasom
eter and on into the reac tor tank, the coolant s torage tank, and the other 
var ious par t s of the p r i m a r y coolant sys tem. The helium in this sys tem 
supplies an iner t gas blanket above the var ious free surfaces of the reac tor 
coolant at a p r e s s u r e of 2-3 in. of the water column above a tmospher ic . 
The floating piston of the gasometer will maintain this p r e s s u r e differen
tial for varying a tmospher ic p r e s s u r e s . The p r e s su r i zed helium blanket 
se rves to prevent the entrance of the outside a tmosphere into the reac tor 
ve s se l and the other regions of the p r i m a r y coolant system. 

In the case of the r eac to r helium system, the gas 
se rves the additional function of sweeping ac ros s the surface of the water 
in the reac tor ve s se l and also ac ros s the water in the coolant -s torage tank 
as the gas is c i rcula ted through the recombiner by the action of the helium 
blower, shown in Fig. 32. This circulat ion will r emove from the reac tor 
a tmosphere any dissociat ion products of the reac tor water produced by ef
fects of the r eac to r radia t ions , and recombine them into H2O. By this p roc 
ess , the danger of an explosion of accumulated hydrogen will be removed. 
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F ig . 32. He l ium Blower and A s s o c i a t e d 
P a r t s of R e a c t o r He l ium 
Sys t em 

d. Shield Cooling S y s t e m 

The s t e e l s h e l l , wh ich 
s e r v e s a s a b o u n d a r y be tween the 
b io log ica l sh ie ld , and the g r a p h i t e 
r e f l e c t o r and t h e r m a l i z e r of the 
r e a c t o r had an a r r a y of c o p p e r 
tubing s e c u r e d to i ts ou t s ide bo t 
t om and w a l l s u r f a c e s before it 
w a s i n s t a l l e d in the r e a c t o r s t r u c 
t u r e . The a r r a n g e m e n t of the 
c o p p e r tubing m a y be s e e n by 
looking a t F i g . 7 and F ig . 8. 

In the c o m p l e t e d r e 
a c t o r , the coppe r tubing m a y be 
u s e d to p r o v i d e a sh ie ld cooling 
s y s t e m if th i s is found d e s i r a b l e 
o r p o s s i b l y n e c e s s a r y in c a s e 
o p e r a t i o n is a t a h i g h e r p o w e r 
l e v e l in the fu ture than is p r e s e n t l y 
c o n s i d e r e d to be the full power 
v a l u e . Copper tubing, c a r r y i n g 
t h e r m o c o u p l e s , and s o m e tubing 
into which t h e r m o c o u p l e s m a y 
l a t e r be i n s e r t e d , w e r e a l s o in 
s t a l l e d on the bo t tom and w a l l s 
of the s t e e l s h e l l . 

The top sh ie ld ing plug 
and c o v e r of the r e a c t o r tank w a s 

s i m i l a r l y p r o v i d e d wi th a p a t t e r n of s t a i n l e s s s t e e l tubing a t t a c h e d to the 
bot tom ins ide su r f ace of th i s sh ie ld ing plug and tank c o v e r . The ends of 
the tubing extend t h rough the top p la te of th i s c o v e r w h e r e they a r e c l o s e d 
wi th t h r e a d e d s t a i n l e s s pipe p l u g s . This a r r a y of s t a i n l e s s tubing m a y , if 
d e s i r e d , be u sed to p r o v i d e a n o t h e r sec t ion of the sh i e ld cooling s y s t e m . 
A d rawing which g ives an ind ica t ion of the a r r a n g e m e n t of the sh ie ld c o o l 
ing s y s t e m i n s t a l l e d in the r e a c t o r sh ie ld plug and c o v e r m a y be found in 
the " J a n u s " d rawing file by looking under Drawing No. R O - 1 - 1 0 5 0 - F . 

E. The G r a p h i t e S y s t e m s 

The R e a c t o r Tank A s s e m b l y wi th the con ta ined c o r e , m o d e r a t o r -
coolant , n e u t r o n s o u r c e and r a b b i t t h i m b l e s , c o o l a n t - c i r c u l a t i o n c o m p o 
n e n t s , e t c . , is s u r r o u n d e d by a p r i n c i p a l g r a p h i t e s y s t e m . This g r a p h i t e 
s y s t e m is con ta ined be tween the r e a c t o r tank and a s t e e l she l l wh ich f o r m s 



the i nne r l i n e r for the b io log i ca l o r r a d i a t i o n sh ie ld . Th i s s h i e l d s e r v e s to 
i s o l a t e the r e a c t o r f r o m the c e l l s for acu te and c h r o n i c i r r a d i a t i o n . The 
s t e e l she l l is of we lded c o n s t r u c t i o n wi th flange and g a s k e t s e a l s in those 
a r e a s w h e r e a t t a c h m e n t s a r e m a d e to the v a r i o u s a s s o c i a t e d c o m p o n e n t s of 
the r e a c t o r s y s t e m s . T h e s e a t t a c h m e n t s a c c o m m o d a t e the n e u t r o n s o u r c e 
and r a b b i t t h i m b l e s , the n e u t r o n windows of a l u m i n u m for t r a n s m i s s i o n of 
n e u t r o n s to the c o n v e r t e r p l a t e s , a n e u t r o n a t t e n u a t o r or flux a d j u s t e r , the 
top sh ie ld ing plug and c o v e r of the r e a c t o r tank, the n u c l e a r i n s t r u m e n t a t i o n 
t h i m b l e s , and the h e l i u m l ines u s e d in supplying and c i r c u l a t i n g the gas 
a t m o s p h e r e for the p r i n c i p a l g r a p h i t e s y s t e m . 

Th is a r r a n g e m e n t of r e a c t o r t ank and s t e e l she l l p r o v i d e s a g a s -
t ight r eg ion in wh ich the g r a p h i t e u s e d a s n e u t r o n r e f l e c t o r and t h e r m a l i z e r 
m a y be m a i n t a i n e d unde r a d r y a t m o s p h e r e of h igh p e r c e n t a g e h e l i u m con
ten t . Th i s g r a p h i t e s y s t e m con ta in s two o the r s m a l l e r zones o r r e g i o n s . 
One of t h e s e a u x i l i a r y s y s t e m s is l o c a t e d in the t h e r m a l i z e r o r t h e r m a l 
c o l u m n of the h i g h - i n t e n s i t y face of the r e a c t o r . It c o n s i s t s of a g r a p h i t e -
f i l led , h o r i z o n t a l , r e c t a n g u l a r r e - e n t r a n t a l u m i n u m t h i m b l e , a p p r o x i m a t e l y 
16 X 16 in. in c r o s s s e c t i o n , ex tend ing inward ly about 25-7 in. f r o m the 
t h e r m a l - c o l u m n window t o w a r d the r e a c t o r c o r e . The ax i s of th i s t h imb le 
l i e s on the h o r i z o n t a l c e n t e r l i n e of the r e a c t o r c o r e . The g r a p h i t e b locks 
w h i c h fill t h i s r e g i o n a r e a r r a n g e d to be r e m o v a b l e wi thout d i s t u r b i n g the 
r e m a i n i n g g r a p h i t e of the r e a c t o r . A second a u x i l i a r y s y s t e m is p r o v i d e d 
by a cavi ty s i t u a t e d in the g r a p h i t e of the l o w - i n t e n s i t y s ide of the " J a n u s " 
I r r a d i a t i o n F a c i l i t y . T h i s cav i ty h a s the shape of a s e g m e n t of a r i gh t c i r 
c u l a r hollow c y l i n d e r w i th i t s a x i s v e r t i c a l . A l ine d r a w n f r o m the c e n t e r 
of the r e a c t o r c o r e to the c e n t e r of the n e u t r o n window a t the l o w - i n t e n s i t y 
s ide of the r e a c t o r would be a p p r o x i m a t e l y n o r m a l to the i nne r and o u t e r 
f a c e s of th i s cav i ty . 

In i t i a l ly , both a u x i l i a r y s y s t e m s wi l l be f i l led wi th g r a p h i t e . L a t e r , 
if d e s i r e d , the g r a p h i t e m a y be r e m o v e d f rom e i t h e r o r both a u x i l i a r y s y s 
t e m s . Th i s wi l l p e r m i t loca t ing c e r t a i n s p e c i m e n s in a n e u t r o n flux of 
about 10^^ n / ( c m ^ ) ( s e c ) in the h i g h - i n t e n s i t y t h e r m a l co lumn . In the s econd 
a u x i l i a r y s y s t e m , a s e a l e d a l u m i n u m tank of a p p r o p r i a t e shape m a y be in 
s t a l l e d and f i l led w i th a d i lu te b o r i c a c i d or o the r n e u t r o n - a b s o r b i n g aqueous 
so lu t ion . Th i s wi l l i n c r e a s e the a t t e n u a t i o n of the n e u t r o n s supp l i ed to the 
c o n v e r t e r of the l o w - i n t e n s i t y i r r a d i a t i o n ce l l . Thus the r a t i o of i n t e n s i t i e s 
in the two i r r a d i a t i o n c e l l s m a y be a d j u s t e d by a f a c t o r of about 10* to 10^. 
P r o v i s i o n s would be m a d e in the sh i e ld ing c o v e r of the a t t e n u a t o r tank to 
c i r c u l a t e i t s g a s e o u s a t m o s p h e r e t h r o u g h a c a t a l y s t c h a m b e r to r e c o m b i n e 
the d i s s o c i a t i o n p r o d u c t s of the c o n t a i n e d so lu t ion . 

G a m m a - r a y and n e u t r o n sh ie ld ing is p r o v i d e d ad jacen t to the r e a c t o r 
t ank above the p r i n c i p a l g r a p h i t e s y s t e m by a - - i n . - t h i c k l a y e r of b o r a l and 
l a y e r s of l e a d to ta l l ing a p p r o x i m a t e l y 14 in. F u r t h e r sh ie ld ing of b o r a l is 
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used as a l iner of the steel shell . The heavy shielding of lead and concrete 
is installed above and below the steel shell so that it is completely su r 
rounded by mass ive biological shielding. 

The pr incipal graphite system which is contained in the steel shell 
of the reac tor provides the base upon which the reac tor tank r e s t s . Fur ther 
support is given to the reac tor tank by six screw-type leveling jacks which 
a re located between the stiffening gussets of the reac tor tank. These level
ing screws r e s t on a 5-in.-wide by a -7- in . - th ick par t ia l ring of steel placed 
on the boral at the boundary between the graphite and the 14-in.- thick lead 
shielding which was mentioned above. 

The relat ion of the various pa r t s of the graphite sys tems to each 
other and to the components mentioned in Sec. E are shown by a se r i e s of 
photographs: Figs . 9, 20, 33, 34, 35, 36, and 37. 

Additional details of the graphite sys tems may be obtained by r e f e r 
ence to Fig. 12, Drawing No. RO-1-1041-E, other assoc ia ted drawings of the 
"Janus" Drawing Fi le , and the appropr ia te bills of m a t e r i a l s . 

F. The Rabbit Installation 

Provision has been made in the design of the "Janus" I r radia t ion 
Facil i ty for inser t ion of small samples to a region near the core of the 
reac tor and their subsequent removal without shutdown of the reac to r . 
The the rmal -neu t ron flux in this region is expected to be of the o rder of 
10^^ n/(cm2)(sec). 

Rapid inser t ion and removal of the samples is to be accomplished 
pneumatically. This installation, r e f e r r ed to as a Pneumatic Rabbit F a 
cility, is to be operated at p r e s s u r e s below a tmospher ic . The samples 
will be impelled into the neutron-flux region by connecting briefly one end 
of a hairpin or U-shaped conduit to a vacuum r e s e r v o i r while the rabbit 
sample in a lightweight container is res t ing in the other end of the U-shaped 
tube, or its extension, which is open to the a tmosphere . The p r e s s u r e dif
ference will drive the sample into the tube until it r eaches a mechanica l 
stop. A continuing p r e s s u r e difference provided by a ventilation sys tem 
will hold the sample against the stop in the neutron-flux region until it is 
des i red to remove the sample . For removal of the sample , the connec
tions to the ends of the U-shaped conduit a re to be r e v e r s e d and the sample 
driven from the mechanical stop toward the end then connected to the vacuum 
r e s e r v o i r . An at tachment at this end, known as a loading and unloading s ta 
tion or breech, will catch the sample or divert it to another r ece ive r , from 
which it may be removed and utilized. The connections and r e v e r s a l of 
connections to the vacuum r e s e r v o i r and the surrounding a tmosphere a re 
to be accomplished by solenoid-operated valves . The par t ia l vacuum of 
the r e se rvo i r will be maintained by a mo to r -d r iven Kinney KC-5 mechanical 
vacuum pump of 5-cfm free a i r -d i sp lacemen t capacity (see Table VIl). 
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Fig 34 Loca t ion of At tenua tor Cavity 
m P r i n c i p a l G r a p h i t e Sys tem 

1 1 
If II 

i: 
112-1205 

Fig 35 H i g h - i n t e n s i t y T h e r m a l i z e r and I r r a d i a t i o n 
Cavi ty wi th Neu t ron C o n v e r t e r P l a t e Down 
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Fig 36 R e a c t o r Tank P a r t l y I n s e r t e d m 
P r i n c i p a l G r a p h i t e Sys t em 

112-1204 

Fig 37 R e a c t o r Tank Res t ing on Suppor t s of 
P r i n c i p a l Graph i t e S y s t e m s 



Table VII 

SPECIFICATIONS FOR RABBIT 
FACILITY VACUUM PUMP 

F r e e Air Displacement 
Pump, rpm 
Oil Capacity 
Shaft Diameter 
Motor Horsepower 
Motor, r pm 
Net Weight 

The volume of the vacuum rese rvo i r (about 5 ft'') will be sufficient 
to allow success ive rabbit inser t ions and removals at relat ively frequent 
intervals without undue change of the p r e s s u r e differential which drives 
the samples . Manual inser t ion and removal of the rabbit samples may be 
employed, in which case the buttons controlling the valve operations a r e 
to be depressed by the operator of the facility with whatever timing is 
des i red. The facility is also to be equipped with an automatic t imer which 
may be set for a des i red i r radia t ion t ime. 

7\fter the sample has been put in the loading station, a button is 
depressed by the operator and the sample is inser ted as the t imer is 
s tar ted. When the selected i r radia t ion time has been reached, the t imer 
will automatically remove the sample to the rabbit station. 

A somewhat remote counting room and rabbit laboratory is to be 
added to the " Janus" reac tor building on the f i rs t floor near the reac tor 
control center . When this laboratory is completed, insert ion and removal 
of rabbit samples may be accomplished at a station in that room. The ex
tension conduit leading from the presen t location in the prepara t ion room 
for the low-dose i r rad ia t ion cell to the rabbit laboratory will be shielded 
against radiat ion leakage as may be required. 

The U-tube, which is welded into the reac tor tank and which with 
its extensions reaches through the external shielding of the "Janus" r e a c 
tor to the prepara t ion room for the low-dose i r radia t ion cell, se rves also 
to house the s tar tup neutron source for the reac tor . The U-tube and ex
tensions lie horizontally with the two a r m s in a ver t ica l plane, as shown 
by Figs . 9, 10, 17, 18, and 38. The bottom a r m houses the l iner which 
provides the path and mechanical stop for the rabbit samples within the 
reac to r tank. Perfora t ions in the walls of this l iner will pe rmi t the flow 
of air requi red to move the rabbit sample and to provide ventilation through 
the a r m s of the U-tube. A gentle S-curve of the lower a r m occurs in the 
removable external shielding block of the U-tube assembly, as shown in 
Fig. 38 and Fig. 39. This offset will serve to shield against radiation leakage 

5 cfm 
630 
3 pt 
3/4 in. 
1/3 
1800 
140 lb 
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RABBIT SAMPLE TUBE 
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Fig 38 Pa r t i a l Vert ical Section through the "Janus" Neutron 
Startup Source and Rabbit Facil i ty 
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f rom the r e a c t o r into the p r e p a r a t i o n r o o m whi le p rov id ing an u n o b s t r u c t e d 
pa th for i n s e r t i o n and r e m o v a l of the r abb i t s a m p l e s . The ax i s of the p a t h 
in the top a r m is s t r a i g h t , but the d i a m e t e r is v a r i e d s t e p w i s e . The a r 

r a n g e m e n t enab l e s s t r a i g h t - l i n e 
i n s e r t i o n of the n e u t r o n - i r r a d i a t e d 
an t imony s e c t i o n into the b e r y l 
l ium p o r t i o n of the n e u t r o n - s o u r c e 
tube . Subsequent i n s t a l l a t i o n of the 
s t epped sh ie ld ing plug then s e a l s 
the s y s t e m a g a i n s t r a d i a t i o n l e a k 
age and d i r e c t s the a i r flow to the 
bui lding exhaus t s y s t e m for v e n 
t i l a t ion of the U - t u b e , and to the 
r a b b i t p r o p e l l i n g s y s t e m for i n 
s e r t i o n and r e m o v a l of the s a m 
p l e s . Addi t ional d e t a i l s of the 
a r r a n g e m e n t for a c c o m m o d a t i n g 
both the s t a r t u p s o u r c e and r a b 
bit s a m p l e s m a y be found m 
F i g s . 19, 38, and 39, a long wi th 
t h e i r i nd ica ted de ta i l d r a w i n g s 
and the a s s o c i a t e d b i l l s of 
m a t e r i a l s . 

The s t a t ion in tended for 
loading or unloading r abb i t s a m 
p l e s IS shown in F ig . 40 , which is 
a p h o t o g r a p h of i t s i n s t a l l a t i o n at 
the C P - 5 r e a c t o r w h e r e it w a s 
p r e v i o u s l y used . 150-167 

F ig . 40. Rabbi t Fac i l i t y Loading and 
Unloading Stat ion A c o n s t r u c t i o n layout of 

the p r o p o s e d piping e x t e n s i o n s to 
the U- tube and of the a s s o c i a t e d e q u i p m e n t for the rabb i t fac i l i ty is given 
in Drawing No. R O - 1 - 1 2 2 1 - E . 

G. The C o n v e r t e r A s s e m b l i e s 

N e u t r o n - c o n v e r t e r a s s e m b l i e s a r e i n s t a l l e d ou ts ide of the r e a c t o r 
p r o p e r , beyond the n e u t r o n windows for the h igh - and l o w - i n t e n s i t y f aces 
of the r e a c t o r . T h e r e a r e sufficient t h i c k n e s s e s of g r a p h i t e and w a t e r 
be tween the n e u t r o n windows and the r e a c t o r c o r e that mo t ion of the con
v e r t e r s r e l a t i v e to the n e u t r o n windows wi l l have a l m o s t i n a p p r e c i a b l e ef-
fect^3) upon the n e u t r o n cha in r e a c t i o n of the " J a n u s " i r r a d i a t i o n fac i l i ty . 

Both c o n v e r t e r a s s e m b l i e s a r e f a b r i c a t e d f r o m s i m i l a r e l e m e n t s 
of u r a n i u m highly e n r i c h e d in U^^^ and a l loyed in a l u m i n u m , as m e n t i o n e d 
e a r l i e r . T h e s e e l e m e n t s a r e 1.27 c m th ick , 10 cm wide , and 97.8 cm long. 



Each of these elemental s t r ips contains approximately 320 g of the 93% U ^ 
enriched uranium alloyed in 1100 aluminum. 

The neut ron-conver te r assembly at the low-intensity face of the 
reac tor is composed of 30 of the above s t r ips to form a curved plate which 
is approximately 1.27 cm thick, 300 cm wide, and 97.8 cm high. The total 
amount of highly enriched uranium in this assembly is about 9,600 g. 

The converter assembly for use at the high-intensity face of the 
reac tor contains about 6,100 g of the highly enriched uranium. This fissile 
ma te r i a l is supplied by 19 of the elemental s t r ips which form a curved 
plate approximately 1.27 cm by 190 cm by 97.8 cnn. 

Each converter plate is encased in an aluminum shell which is 
welded gastight. The a luminum-encased converter plates are each in
ser ted in s ta inless steel f rames which support them. The convex surfaces 
of the conver ter shells a r e covered by - - - in . - th ick sheets of boral which 
are also held within the s ta inless steel f rames of the converter a s sembl ie s . 
Details of the converter a s sembl ies a r e supplied in Fig. 41 along with the 
corresponding bill of m a t e r i a l s . 

The converter a s sembl ies a re a r ranged to be run up or down in 
bronze- l ined guides which pe rmi t them to be positioned directly outside 
of the neutron windows of their respect ive faces of the reac tor or in shielded 
pockets which a re below the levels of the windows. The mechanisms by 
which the conver ter a s sembl ies a re manipulated a re descr ibed in another 
section of this manual . The general a r rangement of the conver ter a s s e m 
blies and the other components of the "Janus" I r radia t ion Facil i ty is de
picted in Fig. 9 and Fig. 11. 

When the neut ron-conver te r assembly for the high-intensity face of 
the "Janus" r eac to r is positioned directly before the neutron window of that 
face with the reac tor operating at such a power level that the t h e r m a l -
neutron flux impinging on the converter has the average value of 2 x 1 0 n / 
(cm )(sec), the dosage of fission neutrons directed toward the acu te -
i r radia t ion cell is expected to be approximately 10 rads /week , as d i s 
cussed in Sec. Ill of this repor t . 

H. The Neutron Shutters 

Neutron shut ters a r e a r ranged for positioning between the neutron-
conver ter a s sembl ie s and the inter ior of the i r radia t ion cel ls , as indicated 
in Figs . 9, 11, 42, and 43. These shut te rs a r e each mass ive , t h r e e -
sectioned a r r angemen t s of neut ron-modera t ing-and-absorbing m a t e r i a l s 
contained in welded steel c a s e s . These shut ters a re also effective for 
absorbing gamma rays coming from the reac tor proper and the converter 
a s sembl i e s . 
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Converter Plate Down and Fig. 43. Converter Plate Nearly Up 
Central Section of 20-in. and Central Section of 
Shutter Par t ia l ly Raised 20-in. Shutter Fully Raised 

A three-sec t ion shutter may be lowered into position between each 
converter assembly and the interior of the corresponding irradiat ion cell . 
In this down position for the shutter and the up position for the converter , 
the intensity of the radiation entering the low-intensity cell will be suffi
ciently low that it will serve as a pract ica l zero for the experimental spec
imens under study. The intensity should also be sufficiently low m the 
acute- i r radia t ion cell when its shutter is closed, so that chronic dosage 
ra tes would not be exceeded. However, the operation of the conver ters , 
shut ters , and ce l l -access doors a re so interlocked that, with cell doors 
not closed, the converter assembl ies will remain down m their shielded 
pockets, and the shutters will also remain down in the closed posit ions. 
With this a r rangement , the intensity of the radiation admitted from the 
operating reactor into the i r radiat ion cells will be sufficiently low that the 
exper imenters may work in either cell as around a normal operating 
r e sea r ch reac tor . 

It may be observed, by looking at Figs. 44, 45, 46, and 47, that there, 
are ver t ica l V-shaped bearing surfaces at the ends of each of the shutter 
sections. These surfaces a re of bronze on the inner faces of the V s . 
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S g j ^ W . JgJ^. 

^fc-
_^ ^ m c^i^lt 

^ • ' i i As r/oT. 

J?o / //£e O 

ARGONNE NATKMAL LABORATORY 

ZO Tf^lCK: £^uTT£R. 

VJ.0W0' /o^^P 

144-306 F i g . 47. C e n t e r Sec t ion of 2 0 - i n . - t h i c k Shu t t e r 

http://Pi.ni.es


71 

The bearing surfaces on the outer faces of the V's a re of s ta inless s teel . 
The selection of these d i ss imi la r meta l s was for the purpose of reducing 
friction and removing the need for lubricated surfaces . It may also be 
observed that the s ta inless steel port ions of the outer shu t t e r s , which form 
the guides for the central shutter in each shutter group, extend above the 
tops of their respect ive shut te rs . With this a r rangement , the cent ra l s e c 
tion is guided if it is ra i sed while the outer shut ters remain down. Other 
details of the shut ters are also shown by the figures just r e f e r r ed to. 

Each of the three sections of a shutter group has an individual 
pneumatic cylinder to ra ise and lower the section as des i red . Control 
c i rcui t ry has been provided to pe rmi t use of the centra l shutter section 
of a group or to operate the group in its ent i rety, as the exper imenter 
may wish. 

The shutter for the low-intensity face of the "Janus" reac tor is 
10 in. thick. Each of its sections has been weighed and this information 
stamped on its outer face. The outer two sections each weighed about 
4,200 lb. The central section weighed about 3,600 lb. The dense aggregate 
used to fill the s teel cases of these shut ters is a ferrophosphate concrete 
having a density of approximately 290 Ib/ft^. 

The shut ters for the high-intensity face a re 20 in. thick. Each unit 
in this th ree - sec t ion a r r angemen t has two fundamental compar tments . 
The compartment near the conver ter assembly contains paraffin, which is 
2 in. thick, extending over the full width and height of the shutter section. 
The convex surface of this compar tment is covered by a—-in . - th ick sheet 
of Boral . The second compar tment in the shutter section is filled with the 
dense concrete m a t e r i a l as used in the shut ters for the low-intensity face 
of the r eac to r . The compar tment containing the paraffin and Boral is p r o 
vided to reduce the flux of fast and the rma l neutrons which would otherwise 
str ike the dense concre te . It is es t imated that this reduction would be by 
a magnitude of 1 0 or m o r e . 

The sections of the shutter for the high-intensi ty face were also 
weighed and stenciled as par t of the installat ion p rocedure . The two outer 
sections of this shutter weighed about 5,100 lb. The center section weighed 
about 4,600 lb. 

Provis ions were made in the design of both shutter a s sembl i e s for 
attaching Boral sheets to the innermost face of each section. These Boral 
sheets will serve to reduce the the rmal -neu t ron flux which will otherwise 
activate the iron of the shut ter c a se s . They will a lso lower the neutron-
dosage ra tes in the i r rad ia t ion cells during specimen changes while the 
reac tor is running. These two effects will be of much g rea t e r importance 
for the high-intensity face of the r eac to r . It is quite likely that use of these 
Boral sheets may not be requi red for the shutter at the low-intensi ty face 
of the r eac to r . The relat ion of the shutter a s sembl i e s to the reac tor s t r u c 
ture may be observed in Fig. 48. 
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V/hen the shut ters a r e in their closed posi t ions, they will r e s t upon 
mass ive pedes ta ls . The shutter pedestals for both the low-intensity and 
the high-intensity faces of the r eac to r a r e formed from interlocking, s t ee l -
encased concrete sect ions. The details of fabrication and installation of 
these pedestals may be found in Fig. 49 and Fig. 50. 

I. Drive Mechanisms 

The function of providing specific radiation dosages to selected 
specimens a r ranged in the i r radia t ion cells of the " Janus" facility is a c -
compl i shedpr imar i ly by three types of control devices . Each of these 
categories of control is manipulated through drive mechan isms which 
a re remotely operated from the control center for the reac to r . 

1. Shutter Drives 

At the reac tor side of each i r rad ia t ion cell is a neutron and 
g a m m a - r a y shutter which se rves essent ia l ly to isolate the i r radia t ion 
cell from the r eac to r when the shutter is closed (that i s , interposed) be 
tween the reac tor and the curved lead wall at the r eac to r side of the cell . 
Details of the construction of the lead walls and the shut ters have been 
given in previous sections of this manual . 

The shut ters a re moved upward from the closed position to 
open the neutron ape r tu re between the reac tor face and its respect ive 
i r radiat ion cell . Since each shutter is composed of three sect ions, the 
use of individual dr ives for each shutter section was considered to be 
des i rab le . It was convenient also to have the same basic unit for all the 
shutter dr ives , namely, a pneumatic cylinder and piston. All pneumatic 
cylinders a re s imi la r ly mounted in shielding and s t ruc tu ra l m e m b e r s 
above the shut ters at the top of the reac to r . Individuality of the mounting 
a r rangements was made necessa ry , however, because of the geomet r ica l 
shape of the r eac to r and the different dimensions of the seve ra l shutter 
sect ions. Some of these details may be made evident by reference to 
Fig. 11. 

a. Air Cylinders 

The pneumatic cylinders which lift and lower the indivi
dual sections of the shut ters a re connected to the shutter sect ions by a 
chrome-pla ted stem or piston rod which extends from the bottom of the 
vert ical ly mounted cylinder. A clevis on the exposed end of the piston 
rod is secured to an attaching eye welded to the top of the corresponding 
shutter section. The at tachment is completed by a pin inse r t ed through 
the clevis and eye when the drive mechan ism is instal led. The p roces s 
of installation consis ts of attaching shims to the bottom of a pa r t i cu la r 
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f loor sh ie ld ing b lock be tween the b lock , and the suppor t ing I - b e a m and a 
ledge of the r e i n f o r c e d floor s t r u c t u r e , unt i l the b lock is c o m p l e t e l y l eve l 
and the moun t ing hole for the c y l i n d e r is c e n t e r e d over the eye of the shu t 
t e r s ec t ion . Loca t ing lugs wh ich w e r e p r e v i o u s l y we lded to the suppor t 
s t r u c t u r e a r e then m a t c h e d by o the r m a t i n g lugs which a r e we lded in p lace 
to the f loor sh ie ld ing block. The sh ie ld ing block is then r e m o v e d and r e 
t u r n e d aga in to i ts l o c a t e d pos i t i on to check for p r o p e r r e t u r n to a l i gnmen t . 

The p n e u m a t i c p i s ton is then l o w e r e d to 
pos i t ion , bol ted to i ts mount ing p l a t e , and 
ad jus t ed by mov ing the p la te in the sh ie ld 
b lock unt i l the c l ev i s a l igns c o r r e c t l y wi th 
the eye of the s h u t t e r sec t ion . The m o u n t 
ing p la te is bol ted in p l ace so tha t the cy l i n 
de r m a y be r e a d i l y d i s m o u n t e d and r e t u r n e d 
to o p e r a t i n g pos i t ion . F i g u r e 51 shows one 
of the p n e u m a t i c c y l i n d e r s and i ts c o r r e 
sponding floor sh ie ld block dur ing a s tage 
of i n s t a l l a t i on . It is p lanned to p lace a d d i 
t iona l sh ie ld ing a r o u n d and on top of the 
p n e u m a t i c c y l i n d e r s by use of p r o p e r l y 
shaped i n s e r t s wh ich a r e i n s t a l l ed in t h e i r 
r e s p e c t i v e s ec t i ons of f loor sh ie ld ing to 
give an e s s e n t i a l l y l eve l su r f ace to the r e 
a c t o r w o r k r o o m f loor . 

D e s c r i p t i v e i n fo rma t ion r e l a t i v e to 
the p n e u m a t i c c y l i n d e r s is l i s t e d in 
Table VIII. 

112-1630 

Fig. 51. Pneumatic Cylinder and Shield
ing Support for "Janus" Shutter 

Motion of the s h u t t e r s does not need 
to be r e s t r i c t e d by such dev ices a s l imi t 
s w i t c h e s , s ince the p i s t o n s in the pneuma t i c 
c y l i n d e r s have a s t r o k e which is p r o p e r for 
fu l l -he igh t opening of the s h u t t e r s wi th a 

cush ion ac t ion in the d a s h p o t s a t e ach end of the c y l i n d e r s . P o s i t i o n -
indica t ing m i c r o s w i t c h e s a r e , howeve r , employed to a p p r a i s e the o p e r a t o r s 
of the open and c l o s e d s t a t e s of the s h u t t e r s , and to ac tua te i n t e r l o c k s to 
c o n t r o l r e a c t o r s t a r t u p and a c c e s s to i r r a d i a t i o n c e l l s . 

Table VIII 

"JANUS" PNEUMATIC SHUTTER ACTUATORS 

Cylinder Diamete r 
Type 
Working P r e s s u r e 
Stroke 
Model 
P is ton Rod 
Adjustable Cushion 

12 in. 
NO PAK Class 1 
100 psi 
40 in. 
C 
Chrome Pla ted 
Both Ends 

Cylinder 

P i s ton 

Cup Expanders 
Shaft Seals 

Hard -d rawn Seamless Bras s Tubing 
(Honed Finish) 

Includes Teflon-coated Cups 
(Suitable for Dry Operation) 

Bery l l ium-Copper 
Solid Teflon 

(Machined Rings) 



b. Ai r S y s t e m 

The " J a n u s " r e a c t o r r e c e i v e s i t s c o m p r e s s e d a i r for 
o p e r a t i n g the p n e u m a t i c s h u t t e r d r i v e s , a s w e l l a s for o t h e r i n s t r u m e n t 
o p e r a t i o n , f r o m the h i g h - p r e s s u r e supply s y s t e m of Bui lding 202. An 
a c c u m u l a t o r t ank is m o u n t e d a t the ce i l ing of the " J a n u s " r e a c t o r e q u i p 
m e n t r o o m n e a r the sou th w a l l of the r o o m , above the p r i m a r y c o o l a n t -
s t o r a g e tank. T h i s a c c u m u l a t o r s e r v e s to p r e v e n t any l a r g e p r e s s u r e 
d rop in the a i r supp l i ed to the p n e u m a t i c c y l i n d e r s if a l l the c y l i n d e r s 
a r e o p e r a t e d s i m u l t a n e o u s l y . 

A d m i s s i o n of a i r to the lifting s i d e s of the p i s t o n s in the 
s e l e c t e d c y l i n d e r s and the d i s c h a r g e of a i r f r o m the c y l i n d e r s to the v e n 
t i l a t ing s t a c k s y s t e m a r e c o n t r o l l e d by s o l e n o i d - a c t u a t e d v a l v e s o p e r a t e d 
r e m o t e l y f r o m the r e a c t o r c o n t r o l c e n t e r . The s p e e d of opening and 
c los ing the s h u t t e r s is d e t e r m i n e d , w i th in l i m i t s , by the p r e s s u r e m a i n 
t a ined in the a c c u m u l a t o r t ank and by o r i f i c e s in the a i r l i nes to the i n 
d iv idual c y l i n d e r s . It is e x p e c t e d tha t a s h u t t e r opening o r c los ing t i m e 
can be r e p r o d u c i b l y a t t a i n e d in the r a n g e f r o m 10 to 20 s e c . 

The d e t a i l s of the e q u i p m e n t and piping l ayou t s of the 
h i g h - p r e s s u r e a i r s y s t e m for the s h u t t e r d r i v e s a r e g iven in D r a w i n g s 
No. R O - 1 - 1 1 8 7 - D and No. R O - 1 - 1 1 8 8 - D . The a r r a n g e m e n t s of the l o w -
p r e s s u r e i n s t r u m e n t a i r s y s t e m for the " J a n u s " r e a c t o r m a y be o b s e r v e d 
by r e f e r e n c e to D r a w i n g No. R O - 1 - 1 2 4 6 - C . 

2. C o n v e r t e r D r i v e s 

L a r g e c u r v e d p l a t e s of h ighly e n r i c h e d u r a n i u m a l l oyed in 
a l u m i n u m a r e a r r a n g e d to be m o v e d u p w a r d f r o m s t o r a g e p o c k e t s into 
un i fo rm b e a m s of t h e r m a l n e u t r o n s supp l i ed t h r o u g h t h e r m a l i z i n g 
z o n e s o r t h e r m a l c o l u m n s of the o p e r a t i n g r e a c t o r . In the up o r o p e r a t 
ing pos i t i on , the c o n v e r t e r a t e i t h e r r e a c t o r face wi l l l ie b e t w e e n the 
a l u m i n u m n e u t r o n - w i n d o w c o v e r i n g the c o r r e s p o n d i n g t h e r m a l c o l u m n 
and the p o s i t i o n o c c u p i e d by the r e s p e c t i v e s h u t t e r w h e n it is c l o s e d . 

The mov ing of a c o n v e r t e r p l a t e b e t w e e n i t s s t o r e d p o s i t i o n 
and i t s o p e r a t i n g p o s i t i o n is a c c o m p l i s h e d by a d r u m - a n d - c a b l e type of 
d r ive m e c h a n i s m . The d r i v e m e c h a n i s m s a r e e s s e n t i a l l y the s a m e for 
the n e u t r o n c o n v e r t e r s u s e d a t the h i g h - d o s a g e and the l o w - d o s a g e f a c e s 
of the " J a n u s " r e a c t o r . Both d r i v e un i t s e m p l o y i n t e g r a l l y m o u n t e d , 
m o t o r - d r i v e n s p e e d r e d u c e r s c l o s e l y coup led t h r o u g h a d j u s t a b l e s l ip 
coupl ings and b e v e l e d g e a r s to g r o o v e d cab le d r u m s . The d r u m s a r e 
m o u n t e d on h o r i z o n t a l shaf ts ex tend ing a c r o s s the top of the r e a c t o r 
above the r e s p e c t i v e f a c e s . The shaf t s for e a c h r e a c t o r face a r e s i m i 
l a r l y a l i gned and s u p p o r t e d by p i l low b l o c k s f a s t e n e d to s t e e l p l a t e s a t 
t ached to s t r u c t u r a l m e m b e r s of the c o n c r e t e sh i e ld ing of the r e a c t o r and 
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m a d e e n t i r e l y r ig id by the c o n c r e t e p o u r e d a r o u n d t h e m . Since it w a s 
d e s i r a b l e to have the m o t o r d r i v e s m o u n t e d at the sou th s ide of the r e a c t o r 
s t r u c t u r e , the d r i v e s a r e of a r i g h t - h a n d and a l e f t - hand a r r a n g e m e n t . The 
c a b l e s e m p l o y e d to w r a p a r o u n d the d r u m s and a t t a c h to the s h a c k l e s on 
the c o n v e r t e r p l a t e s a r e •^ - - in . -d iamete r s t a i n l e s s s t e e l rope wi th a swaged 
a n c h o r i n g a t t a c h m e n t a t one end of e a c h cab l e . Th i s swaged fi t t ing engages 
in a r e c e s s in the d r u m for e a c h r e s p e c t i v e cab l e . The o the r end of each 
cab le is f a s t ened to a locking t u r n b u c k l e wh ich c a r r i e s an eye that is 
p inned to the shack le a t one s ide o r the o the r of e a c h c o n v e r t e r p l a t e . The 
t u r n b u c k l e s a r e ad ju s t ed to l e v e l the c o n v e r t e r p l a t e s so they wi l l m o v e 
smoo th ly in the gu ides a t the s i d e s of the n e u t r o n w indows . When t h e s e 
a d j u s t m e n t s a r e c o r r e c t , the t u r n b u c k l e s a r e locked to m a i n t a i n cont inued 
s m o o t h o p e r a t i o n . L i m i t s w i t c h e s a c t u a t e d by mo t ion of the c o n v e r t e r 
p l a t e s s e r v e to ind ica te p o s i t i o n s of the c o n v e r t e r s , to l i m i t t h e i r m o t i o n s 
to the p r e s c r i b e d m a g n i t u d e s , and to t r i g g e r i n t e r l o c k s a s s o c i a t e d wi th 
o p e r a t i o n of the r e a c t o r and the a c c e s s d o o r s to the i r r a d i a t i o n c e l l s . 

V/hen in t h e i r down p o s i t i o n s , the c o n v e r t e r p l a t e s a r e s u s p e n d e d 
by the a t t a c h e d c a b l e s wi th in a few c e n t i m e t e r s of a s h o c k - a b s o r b i n g l a y e r 
of S ty ro foam wh ich w a s p o u r e d a t the bo t tom of the s t o r a g e pocke t . This 
shock a b s o r b e r i s p r o v i d e d a s a p r o t e c t i o n for the c o n v e r t e r s if, by s o m e 
f a i l u r e , the c o n v e r t e r s m i g h t be d r o p p e d a g a i n s t the bo t tom of the p o c k e t s . 

The a r r a n g e m e n t of the c o n v e r t e r d r i v e m e c h a n i s m s a t the top 
of the r e a c t o r m a y be s e e n in F i g . 37. Addi t iona l d e t a i l s c o n c e r n i n g the 
c o n v e r t e r s and t h e i r d r i v e s m a y be found in Drawing No. R Q - l - l l O l - D 
and i t s a s s o c i a t e d bi l l of m a t e r i a l s . Data r e l a t i v e to the i n t e g r a l m o t o r -
g e a r r e d u c e r a r e l i s t e d in Tab le IX. 

Table IX 3. C o n t r o l - r o d D r i v e s 

GEAR MOTOR The " J a n u s " r e a c t o r is 

Mode l 
Vol ts 
A m p e r e s 
Rat io 
Input, rpmi 
Input, hp 
Output, r p m 
Output T o r q u e 

in p r e c i s e l y i 
l a t ing or fine 

ndicate 
c o n t r o 

R - 1 3 
2 2 0 / 4 4 0 
1.6/ .8 
900:1 
1725 
1/2 

1.9 
6288 in. - l b 

d i n c r e m e n t s 
1 r o d . 

equipped wi th a t o t a l of s even con t ro l 
r o d s . Six, in t ended to s e r v e a s s h i m -
safe ty r o d s , m o v e a long v e r t i c a l pa ths 
in the r e a c t o r c o r e at l o c a t i o n s m e n 
t ioned in Sec. V - B of th i s m a n u a l . The 
s e v e n t h c o n t r o l r o d is a r r a n g e d to be 
d r i v e n up or down in a v e r t i c a l pa th 
a long the ax i s of the r e a c t o r c o r e , but 
it is not capab le of be ing d r o p p e d as a 
safe ty rod . Th i s r o d w h i c h m a y be m o v e d 

of p o s i t i o n is i n t ended to s e r v e a s a r e g u -

T h e r e a r e five d r i v e m e c h a n i s m s a s s o c i a t e d wi th the s even c o n 
t r o l r o d s . T h r e e ind iv idua l d r i v e s o p e r a t e , r e s p e c t i v e l y , the r egu l a t i ng rod 
and one s h i m - s a f e t y r o d in e a c h row of t h r e e m e n t i o n e d in Sec. V - B . 
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Two add i t iona l d r i v e s e a c h o p e r a t e two s h i m - s a f e t y r o d s a s a gang in e a c h 
row. The d r i v e c o m p o n e n t s w e r e suppl ied by the Te le f l ex C o r p o r a t i o n 
and w e r e modi f ied in the ANL shops to p rov ide the s i n g l e - and g a n g - d r i v e 
a r r a n g e m i e n t s . 

E a c h s h i m - s a f e t y rod d r ive m e c h a n i s m is equipped with a 
r e v e r s i b l e m o t o r and an i n t e g r a l l y m o u n t e d speed r e d u c e r . The output 
shaft of the speed r e d u c e r is i n - l i ne wi th a m a g n e t i c c lu tch , an e n c a s e d 
Te le f lex Dr ive pinion, and a ro ta t ing m e c h a n i c a l s top . An offset shaft is 
d r i v e n by a s m a l l p in ion a t the end of the ro t a t i ng m e c h a n i c a l s top . Th i s 
offset shaft c a r r i e s c a m s which a c t u a t e e l e c t r i c a l p o s i t i o n - i n d i c a t i n g and 
l im i t s w i t c h e s . At the end of the offset shaft , oppos i t e to the pinion d r i v e 
g e a r , a p o t e n t i o m e t e r is a c t u a t e d by the shaft . The p o t e n t i o m e t e r p r o 
v ides the ana log s igna l for ind ica t ing the pos i t i on of a s h i m - s a f e t y rod 
be tween the in and out l i m i t p o s i t i o n s . T h e s e v a r i o u s d e t a i l s m a y be o b 
s e r v e d in F ig . 52, which shows the a r r a n g e m e n t of two d r i v e m e c h a n i s m s 
on a s ingle moun t ing p la te to o p e r a t e the t h r e e s h i m - s a f e t y rods in one of 
the rows m e n t i o n e d above . 

144-290 

Fig . 52. Sh im-Safe ty Rod Dr ive Uni ts 

The m e c h a n i s m for d r iv ing the r egu l a t i ng rod e m p l o y s d i f f e r 
ent componen t s a r r a n g e d in a d i f fe ren t p a t t e r n on a moun t ing p la te s u p 
p o r t e d above the one shown in F ig . 52. F ive s h o r t c o l u m n s , v i s ib l e in 
F ig . 52, p rov ide the s u p p o r t for the d r ive m e c h a n i s m for the r egu la t i ng 
rod , a s m a y be o b s e r v e d in F ig . 53. One m a y a l s o o b s e r v e in F ig . 53 the 
a r r a n g e m e n t of a r e v e r s i b l e m o t o r wi th a r i g h t - a n g l e d output shaft f r o m 
an i n t eg ra l l y moun ted speed r e d u c e r connec ted to an e n c a s e d Te le f l ex 



80 

Drive pinion. F r o m the oppos i te s ide of the p in ion c a s e , ex tend two s h o r t 
sha f t s . One of t h e s e shaf ts c a r r i e s a s m a l l p in ion for d r iv ing an offset 
shaft which is supp l ied wi th c a m s for ac tua t ing p o s i t i o n - i n d i c a t i n g and l i m i t 
s w i t c h e s . The o the r s h o r t shaft connec t s wi th an i n - l i ne speed i n c r e a s e r 
t h r o u g h a s m a l l , p r e c i s i o n f lexib le coupl ing. The speed i n c r e a s e r is in 
t u r n connec ted to a Se l syn g e n e r a t o r by ano the r s m a l l , p r e c i s i o n f lexible 
coupl ing. The Se l syn g e n e r a t o r supp l i e s the s igna l for d r iv ing the Se l syn 
m o t o r to ind ica te the pos i t i on of the r egu la t ing rod . 

144-291 

F ig . 53 . Regula t ing Rod Dr ive Unit 

The d r ive m e c h a n i s m s for the s h i m - s a f e t y rods and for the 
r egu l a t i ng rod a r e coupled m e c h a n i c a l l y to t h e i r r e s p e c t i v e c o n t r o l r o d s 
by f lexible Te le f lex c a b l e s . T h e s e cab l e s a r e in e s s e n c e f lexible r a c k s 
engaging the e n c a s e d Te le f l ex pinions which have been men t ioned . The 
Te le f lex c a b l e s move t h r o u g h the p in ion cas ings w h e r e they a r e held in 
contac t wi th the d r ive p in ions by id le r p in ions and guide b u s h i n g s . T e l e 
flex cable condui t s and a n t i r o t a t i o n o v e r r u n tubes a t t a c h to the pinion 
c a s e s so the c a b l e s wi l l be c o n s t r a i n e d to l i n e a r mo t ion be tween the d e 
s c r i b e d d r ive m e c h a n i s m s and o the r connec ted Te le f lex uni ts emp loyed to 
p rov ide a 90° change in d i r e c t i o n f r o m h o r i z o n t a l to v e r t i c a l p a t h s . 

In the c a s e of the r e g u l a t i n g - r o d m e c h a n i s m , the unit for p r o 
viding the change in d i r e c t i o n of mo t ion is a n o t h e r e n c a s e d Telef lex pinion 
o p e r a t i n g a s an id l e r m o u n t e d ove r the c e n t r a l c o n t r o l rod . The mount ing 
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of this encased idler pinion is located so that the ver t ical ly moving cable is 
precise ly aligned with the stem of the regulating rod. These two i tems a r e 
joined by a Teleflex quick-connect device and are enclosed by sealed Te le -
flex cable conduit and a control rod shielding guide plug. The entire drive 
mechanism, ove r - run tube, conduit sect ions, pinion cases , and control rod 
shielding guide plug installed in the top of the reac tor a re rendered gastight 
by mechanical shaft seals and O-ring gaskets . This is also t rue for the 
shim-safety rod mechan i sms . 

The unit for changing the direct ion of motion of the cables which 
actuate the shim-safety rods embody encased Teleflex pinions which a re 
spring loaded. These springs a re wound up by the engagement of their 
associa ted pinions with the Teleflex cables in the p rocess of withdrawing 
the shim-safety rods from the reac tor core . The spr ings , pinions, cables , 
and attached control rods a re held in the above state by the drive motors 
with their speed reducers and associa ted magnetic clutches. Upon de-
energization of the clutches, the springs unwind to overcome the moments 
of inert ia of the clutches and the various other rotating pa r t s , and also to 
overcome friction and inert ia associa ted with the sys t ems . The springs 
were not intended to resu l t in a downward acce lera t ion of the safety rods 
appreciably different from that of fall in water under the action of gravity. 
The anticipated time of rod drop from the full-out position should thus be 
in the range from about 0.4 to 0.5 sec . Increase of the rod drop t ime be 
yond about 0.6 sec would indicate improper per formance . 

Details of the a r r angemen t of the d r ive -mechan i sm as sembl i e s 
and their var ious components may be observed by reference to Fig. 54 and 
Fig. 55, along with the indicated drawings and corresponding bills of m a t e 
r ia ls of the "Janus" drawing file. 

J. External Shielding 

The "Janus" r eac to r is completely encased by a sys tem of "Ex te r 
nal Shielding." Certain units of this shielding may be d i sassembled to give 
access to those components of the r eac to r sys tem which may need to be 
serviced or replaced. This external removable shielding situated around 
the reac tor may be considered under the five genera l ca tegor ies indicated 
below: 

1. Low-dosage Cell Shielding, 

2. High-dosage Cell Shielding, 

3. Pipe Slot Shielding, 

4. Rabbit and Source Tube Shielding, and 

5. Top Floor Shielding. 
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1. Low-dosage Cell Shielding 

The low-dosage or chronic- i r radia t ion cell is shielded from 
the "Janus" reac tor by a wall of removable shielding. This wall consists 
of a 10-in.-thick by 47- in . - ta l l bottom pedestal made of the three in te r 
locking sections of dense concrete cast in reinforced welded steel c a se s , 
as indicated in Fig. 56. This curved pedestal si ts in a 24-in.-deep slot 
between the reac tor and the chronic- i r radia t ion cell . 

The shielding wall is completed by a 4-in.- thick, curved lead 
wall which extends upward from the pedestal to approximately 4 in. above 
the bottom edge of the reinforced curved concrete beam at the ceiling of 
the i r radia t ion cell. The curved lead br icks from which the wall is formed 
a re of an ext ruded- to-shape interlocking design. 

The 4- in . - th ick lead wall overlaps the aper ture which may be 
uncovered by the 10-in.- thick neutron shut te rs . Details of the stacking 
a r rangement a re shown in Fig. 57. The complete external shielding wall 
is shown in Fig. 58. 

When the shut ters a r e opened with the corresponding neutron-
conver ter plate ra i sed in front of the neutron window, fission neutrons a re 
di rected through the lead wall into the chronic- i r rad ia t ion cell . The lead 
wall se rves to filter the gamma rays ar is ing in the reac tor and the neutron 
conver ter fronn the fission neutrons . The intensity of the gammia rays is 
expected to be reduced by a factor of 100 or more while the neutron inten
sity will be attenuated only a few percent . 

2. High-dosage Cell Shielding 

The removable shielding between the "Janus" reac tor and the 
acu te - i r rad ia t ion cell is of s imi lar design to that descr ibed above for the 
chronic - i r rad ia t ion cell . 

The curved pedestal of dense concrete cast in reinforced 
welded steel cases is 15 in. thick and 47 in. tal l . It is s imi lar ly positioned 
in a 24- in . -deep slot between the reac tor and the acute- i r rad ia t ion cell . 

The lead wall of this shielding is 6 in. thick and extends up
ward past the bottom of a curved, reinforced concrete beam at the ceiling 
of the i r radia t ion cell. The curved lead bricks a re by design and fabr ica
tion s imi la r to those for the chronic- i r rad ia t ion cell. Details of the ped
es ta l and lead wall for this assembly of shielding a re given by Fig. 59 and 
Fig. 60. The external appearance of this shielding wall is shown by Fig. 61. 
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144-314 

F ig . 6 1 . Shielding Wal l , H igh - l eve l F a c e 

The f i l t e r ac t ion of the 6 - i n . - t h i c k l ead wa l l is expec ted to p r o 
vide a r e d u c t i o n of about 10 or m o r e for the g a m m a r a y s coming f rom 
the c o r r e s p o n d i n g c o n v e r t e r p la te and the r e a c t o r . The f i s s i o n - n e u t r o n 
in tens i ty should not be r e d u c e d but a few m o r e p e r c e n t by the l ead wa l l 
than by the lead wal l of the c h r o n i c - i r r a d i a t i o n ce l l . 

3. P ipe Slot Shielding 

P i p e s for c i r c u l a t i n g r e a c t o r coolant and r e a c t o r he l i um, and 
for supplying a i r to the c y l i n d e r s which ac tua t e the n e u t r o n s h u t t e r s a r e 
r u n f rom the top of the r e a c t o r into the pump r o o m . T h e s e p ipes and some 
o the r s i m i l a r l ines p a s s f rom the top of the r e a c t o r s t r u c t u r e th rough a 
s lo t in the c o n c r e t e wa l l s e p a r a t i n g the r e a c t o r f rom the p\amp r o o m . After 
the in s t a l l a t i on of the above l ines wi th a p p r o p r i a t e o f f se t s , sh ie ld ing is p r o 
vided by s tack ing c o n c r e t e b locks and lead b r i c k s on a s t e e l shelf se t below 
the p ipes in the s lot . T h i s a r r a n g e m e n t p r o v i d e s a r e m o v a b l e , s t epped 
shie lding w a l l at th is l oca t ion in the pump r o o m . 

4. Rabbit and Source Tube Shielding 

The U - s h a p e d tube for a c c o m m o d a t i n g p n e u m a t i c r abb i t 
s a m p l e s and a s t a r t u p n e u t r o n s o u r c e , which w a s m e n t i o n e d e a r l i e r , has 
i ts ends p a s s i n g f rom the r e a c t o r into the p r e p a r a t i o n r o o m a s s o c i a t e d 
wi th the c h r o n i c - i r r a d i a t i o n ce l l . 

A m a s s i v e , s t epped sh ie ld ing plug is i n s t a l l ed in the wal l wh ich 
i s o l a t e s the p r e p a r a t i o n r o o m f rom the r e a c t o r . This r e m o v a b l e shie lding 
plug a c c o m m o d a t e s the ends of the Rabbi t and Source Tube and p r o v i d e s 
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means by which the startup source may be inser ted or removed from the 
reac tor . The radiation from the reac tor is blocked by a smal le r plug in
stalled in the access par t of the l a rge r shielding plug and by an S-curve 
through which the rabbit tube pas se s in the shielding. The Rabbit and 
Source Tube may be serviced through removal of the large shielding plug. 
Details of the construction of this external shielding assembly may be ob
served in Fig. 39, the indicated detailed drawings, and the corresponding 
bill of m a t e r i a l s . 

5. Top Floor Shielding 

The isolation of the "Janus" reac tor from the i r radia t ion 
cel ls , the pump room, and the prepara t ion room for the chron ic - i r rad ia t ion 
cell is accomplished by closing the neutron shut ters with the conver ter 
plates lowered and the external shielding of the four present ly descr ibed 
categories installed around the reac tor . To shield the control room and 
the main floor a r ea adequately and to complete the isolation of the reac tor 
requi res the Top Floor Shielding, which is a r ranged to be fitted into the 
opening in the main floor above the top of the r eac to r . This external 
shielding is composed of mass ive , stepped s tee l -encased blocks of con
crete . When these removable shielding blocks a re inser ted in the floor 
opening above the reac to r , they are supported by ledges provided in the 
heavily reinforced building s t ruc ture and by two heavy I -beams resting 
on other of the ledges. 

Certain of these shielding blocks a re provided with stepped 
holes of appropria te dimensions to accommodate and support pneumatic 
cylinders for operating the neutron shut te rs . Other cut-out regions in 
these blocks also provide space for installing the air l ines for actuating 
the pneumatic cyl inders . The cut-out regions have their shielding re in 
forced by lead-fil led inser t s a r ranged to supplement that provided by the 
s t ruc tura l m a t e r i a l of the pneumatic cyl inders . The general a r rangement 
of these removable shielding blocks and details of their construction are 
given in Fig. 62. The top of the reac tor and the mechanisms located there 
may be reached by removing some of the cent ra l blocks of this shielding, 
as shown in Fig. 63. 



144-305 Fig, 62. Floor Shield Blocks 
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144-337 

Fig 63 Top Floor Shielding Par t ly Removed 



VI. NUCLEAR INSTRUMENTS 

The fission and other nuclear p rocesses charac te r i s t i c of the be 
havior and performance of the "Janus" reac tor a re monitored by nuclear 
ins t ruments which employ appropria te sensing elements and electronic 
c i rcui t ry . In the cases , notably, of the per iod-mete r circuit , the high-flux 
safety c i rcui ts , and the automatic control circuit , the monitoring functions 
a re extended to provide limiting or controlling actions in connection with 
the operation of the reac to r . Descript ions of the seve ra l channels a re 
given below. 

A. Galvanometer Channel 

An electronic galvanometer channel, which is perhaps a misnomer , 
is used to give a long-scale indication of the neutron density in the "Janus" 
r eac to r . The basic c i rcui t could be identical with that of the Safety Trip 
Amplifier. 

The electronic galvanometer channel uses a range switch and e lec
t rome te r tube V (5886) which a r e mounted in a smal l box located on the 
main control panel. It has an input current range from 10"^ to 10"^ amp 
for full-scale deflection. The range from 10"^° to 10" amp is covered in 
decade s teps. F r o m that range upward, the steps a r e by the factors 1, 2.5, 
5, and 10. This a r rangement provides the operator with an expanded scale 
in the most commonly used power range. 

An automatical ly reset t ing t r ip circui t is employed to prevent r e 
actor s tar tup if the neutron flux is lower than an acceptable minimum 
value. The circuit employs a differential amplifier driving an emi t t e r -
follower. The re lay is energized except in the tr ipped condition. 

The power supply for the channel has a standby, nickel-cadmium 
bat tery, sized to supply the required current to the c i rcui t for 12 to 14 hr 
under emergency conditions. This bat tery sys tem will furnish power for 
the ionization chamber, the electronic c i rcui ts , and the galvanometer 
lamp. 

Care of the bat tery is explained in Appendix C of this manual, with 
additional information given in the manufac turer ' s l i t e ra tu re . 

The c i rcui ts of the "Janus" Electronic Galvanometer System and 
the associa ted DC-DC conver ter a r e given in Fig. 64 and Fig. 65. 
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144-33! 
F ig . 65 DC-DC C o n v e r t e r for E l e c t r o n i c G a l v a n o m e t e r 

B. P e r i o d Channe l 

The Log N and P e r i o d A m p l i f i e r s a r e a s s e m b l e d on two c h a s s i s . 
The Log N p r e - a m p l i f i e r is moun ted in a s m a l l box loca ted n e a r the r e 
a c t o r . This unit r e q u i r e s i so l a t ion f rom ground, and for b e s t p e r f o r m a n c e 
should be s h o c k - m o u n t e d 

The p r e - a m p l i f i e r is an o p e r a t i o n a l ampl i f i e r with the l o g a r i t h m i c 
diode (1N137A) a s the feedback e l emen t . The d iodes for th is use a r e 
s e l e c t e d to have the d e s i r e d c h a r a c t e r i s t i c s . The vo l t age d r o p - c u r r e n t 
c h a r a c t e r i s t i c s m u s t be d e t e r m i n e d th rough u s e of a good c u r r e n t s o u r c e 
and a s p e c i a l h i g h - i m p e d a n c e v o l t m e t e r . F i g u r e 66 i l l u s t r a t e s the vo l t age 
d r o p - c u r r e n t c h a r a c t e r i s t i c s of diodes which a r e e i the r a c c e p t a b l e or un
a c c e p t a b l e for th i s app l i ca t ion . 
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Fig . 66 

V o l t a g e - C u r r e n t C h a r a c t e r 
i s t i c s of A c c e p t a b l e Diodes 

10-12 iQ-IO 10-8 iQ-e 10"^ I0"2 

CURRENT (amp) 

144-329 

The gain of the p r e - a m p l i f i e r is l a r g e l y in the f i r s t - s t a g e e l e c 
t r o m e t e r . The o the r t r a n s i s t o r s a r e used to d r o p the vo l tage so that a 
z e r o vo l tage output is p rov ided for a z e r o c u r r e n t input. The cab le and 
the pe r iod a m p l i f i e r a r e d r i v e n by an e m i t t e r - f o l l o w e r T4. T h e r e is a 
smooth ing t i m e cons t an t of 164 m s ahead of T4. Choice of the r e s i s t o r for 
the a s s e m b l y which supp l i e s the t i m e cons t an t is m a d e m a i n l y for the 
p r o p e r t e m p e r a t u r e c o m p e n s a t i o n of the diode s t r i n g . If a change in the 
smooth ing t i m e cons t an t is d e s i r e d , the c o n d e n s e r a lone should be changed. 

The P e r i o d Ampl i f i e r is a l s o an o p e r a t i o n a l a m p l i f i e r with the 
r e s i s t o r of the p e r i o d d i f fe ren t ia t ing n e t w o r k a s i ts feedback e l e m e n t . The 
ca l cu l a t i ons for the s i z e of the d i f fe ren t ia t ing n e t w o r k a r e shown on D r a w 
ing N u m b e r E L - A - 2 6 4 7 . The va lue of the s e l e c t e d d i f fe ren t ia t ing c o n d e n s e r 
m u s t be m e a s u r e d qui te a c c u r a t e l y . The c a p a c i t a n c e and r e s i s t a n c e to 
ground of 0.001 mfd and 3.3 K, r e s p e c t i v e l y , for the b a s e of T5 p r o v i d e s 
a p h a s e - s h i f t n e t w o r k which p r e v e n t s o sc i l l a t i on . 

De t a i l s of the c i r c u i t r y for th i s s ec t i on m a y be found by r e f e r e n c e 
to F i g s . 67, 68, 69, 70, and 71 which a r e , r e s p e c t i v e l y , the f i r s t five 
s h e e t s of Drawing N u m b e r E L - A - 2 6 4 7 m e n t i o n e d above . 
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C. Safety T r i p Channe l 

The c u r r e n t amp l i f i e r s ec t ion of a " J a n u s " safe ty c i r c u i t is b a s i 
ca l ly an o p e r a t i o n a l amp l i f i e r wi th i ts h i g h - o h m a g e r e s i s t o r used a s the 
feedback e l e m e n t . This a m p l i f i e r h a s a c l o s e d loop gain of about 100 and 
a bandwidth of up to 1000 c y c l e s on the h ighe r c u r r e n t r a n g e s . The ga in 
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occurs in the input e lec t rometer tube VI (5886). The second tube, V2, is 
used to invert the signal and to drop the signal level so that the output stage 
can be biased at zero output for ze ro current input. 

The filament cu r ren t s for both VI and V2 a re supplied from the 
regulated B"*". This helps to keep the zero drift small . The drift is only 
about 0.5% of full scale per day. 

The p resc r ibed response t ime for the Safety Tr ip Channel is 0. 1 sec 
at 10"'' amp. This is the t ime required between the initiation of a decade 
step of cur ren t until the re lay contact opens when the t r ip level is set for 
637o of full scale . With increasing current , this response time should de
c rease until the re lay deenergizing time and other smoothing time con
stants (70 ms) a r e predominant. The circui ts for the Safety Tr ip Channel 
a r e shown in Fig. 72. 

This unit is assembled on a plug-in type chass i s . Two of these 
assembl ies fit in a 19-in. rack panel with a single power supply. P r e s e l e c 
tion or testing of components is not required for these c i rcui t s . The units 
have been tested with both the +22- and the -22-v supplies varying, either 
singularly or in combination. The test of the amplif iers was ca r r i ed fur
ther to determine if a failure in the common power supply would resu l t in 
a non-fail-safe condition. The supply is Zener regulated. These compo
nents have the charac te r i s t i c of failing from a heavy overload. F i r s t , they 
tend to short; then, with heavier overloads they open. In this supply c i r 
cuit if either Zener shor ts , a fuse blows and a t r ip is initiated. If the 
+Zener opens and the t r ip point is set at 90% of full scale, an additional 
11% in magnitude of the ionization chamber cur ren t is required to cause a 
t r ip . If the -Zener opens, about 22% less ionization chamber cur ren t is 
required at the t r ip setting. Since there iS a safety factor of five in the 
use vs . rat ing (2 w to 10 w rated), it appears that the use of a common 
power supply imposes no ser ious problems. 

D. Radiation Monitors 

Gamma Monitors a r e used for monitoring and indicating rad io
activity levels in the i r radia t ion cel ls and at other selected locations in 
the "Janus" Irradiat ion Facil i ty. These monitors a re three-decade 
logari thmic-indicat ing gamma-sens i t ive m e t e r s . The ionization chamber 
employed with a monitor has a sensitivity of about lO"'̂  a m p / ( r / h r ) / 
l i t e r - a tmosphe re . The chamber size used with a monitor is either one li ter 
or one-tenth l i ter , depending upon the location where the chamber is used. 
The nitrogen p r e s s u r e in a chamber is adjusted to give the sensitivity to 
the desired accuracy. 
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The l o g a r i t h m i c c h a r a c t e r i s t i c of the m o n i t o r r e s u l t s f r o m the r e 
l a t ion tha t wi th a cons t an t p l a t e c u r r e n t , the s c r e e n g r id vo l t age is the 
l o g a r i t h m of the c o n t r o l g r i d c u r r e n t . The e l e c t r o m e t e r a m p l i f i e r is bui l t 
to u s e th i s c h a r a c t e r i s t i c . The output vo l t age is ind ica ted on the m o n i t o r 
p a n e l in the " J a n u s " c o n t r o l r o o m , w h e r e it a p p e a r s in un i t s of r / h r . Th i s 
vo l t age is a l s o u sed a s the input to c i r c u i t s which give r a d i a t i o n - l e v e l 
a l a r m s , a n d / o r o p e r a t e i n t e r l o c k s to p r e v e n t opening the d o o r s to the i r r a 
d ia t ion c e l l s . In the c a s e s of the m o n i t o r s for the ven t i l a t ion s t a c k and 
m a i n floor w o r k r o o m a r e a , the output v o l t a g e s a r e used to s c r a m the r e 
a c t o r upon s e n s i n g an e x t r e m e l y high l eve l of r a d i o a c t i v i t y . 

T h e s e g a m m a - m o n i t o r c i r c u i t s a r e a s s e m b l e d on s m a l l p l u g - i n 
c h a s s i s so that r e p l a c e m e n t by s p a r e a m p l i f i e r un i t s is convenien t . Mos t 
of t h e s e a r e i n t e r c h a n g e a b l e . 

The s e v e n r a d i a t i o n m o n i t o r s u s e d a r e loca ted a s fol lows: one in 
e a c h i r r a d i a t i o n ce l l , one in e a c h s p e c i m e n - p r e p a r a t i o n r o o m , one in the 
r e a c t o r p u m p r o o m , one next to the ven t i l a t i on s tack , and one in the m a i n 
floor w o r k r o o m . When the r a b b i t l a b o r a t o r y is comple t ed , it is a n t i c i p a t e d 
tha t an e igh th r a d i a t i o n m o n i t o r wi l l be loca ted t h e r e . 

The c i r c u i t d i a g r a m s for s even g a m m a m o n i t o r un i t s a r e shown in 
F i g . 73. The s t a c k m o n i t o r c i r c u i t (unit No. 8) is i nd ica ted in F ig . 74. 

E. A u t o m a t i c C o n t r o l S y s t e m 

The s y s t e m for a u t o m a t i c c o n t r o l of the " J a n u s " R e a c t o r is s u b 
j e c t to r e l a t i v e l y few s p e c i a l d e s i g n r e q u i r e m e n t s . E s s e n t i a l l y a l l tha t the 
r e g u l a t i n g rod is r e q u i r e d to do when o p e r a t i n g on a u t o m a t i c c o n t r o l is to 
hold the n e u t r o n flux at the s e n s i n g e l e m e n t cons t an t to wi thin ± 1.0% for 
any s e l e c t e d power l e v e l b e t w e e n a p p r o x i m a t e l y 1 and 200 kw. 

The d e s i g n c h o s e n for the a u t o m a t i c c o n t r o l s y s t e m c o m p r i s e s a 
s i m p l e O N - O F F c i r c u i t a r r a n g e d in a c c o r d a n c e with the b lock d i a g r a m in 
F i g . 75. The n e u t r o n flux a t the s e n s i n g e l e m e n t is c o n v e r t e d to a c u r r e n t 
by the ion iza t ion c h a m b e r , then to a vo l t age by the e l e c t r o m e t e r a m p l i f i e r . 
The gain of the e l e c t r o m e t e r is ad jus t ed to p r o d u c e a fixed output vo l t age 
for any s e l e c t e d input c u r r e n t by m e a n s of the r a n g e swi tch and feedback 
c o n t r o l . The e r r o r or d i f f e rence vo l t age be tween the e l e c t r o m e t e r output 
and the fixed r e f e r e n c e vo l t age ( ~ - 1 2 v) is ampl i f i ed by the Di f fe rence 
A m p l i f i e r . Its output then o p e r a t e s the a s s o c i a t e d r e l a y s . The con t ac t s 
of the r e l a y s supply power to the r e g u l a t i n g - r o d m o t o r to d r i v e the rod , 
e i t h e r "IN" or "OUT" a long i t s pa th of m o t i o n in the r e a c t o r c o r e , to r e 
duce the e r r o r vo l t age to z e r o . 
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Fig. 75. Block Diagram of "Janus" Automatic Control Circuit 

T h e a c t u a l m e c h a n i c a l r o d - d r i v e a s s e m b l y a n d i t s a s s o c i a t e d 
e l e c t r o n i c s w e r e c o n n e c t e d t o a P a c e A n a l o g C o m p u t e r in t h e A p p l i e d 
M a t h e m a t i c s D i v i s i o n of t h e A r g o n n e N a t i o n a l L a b o r a t o r y to s t u d y t h e p e r 

f o r m a n c e c h a r a c t e r i s t i c s of t h e 
A u t o m a t i c C o n t r o l S y s t e m . F o r t h i s 
s t u d y a n e u t r o n l i f e t i m e of 100 m s 
w a s u s e d , a n d a v a l u e of 0 . 0 0 6 8 6 w a s 
t a k e n fo r t h e d e l a y e d - n e u t r o n f r a c 
t i o n |3. It w a s a l s o a s s u m e d t h a t t h e 
s h a p e of t h e c u r v e of r o d p o s i t i o n 
v s . r o d w o r t h w a s d e s c r i b e d b y a 
nnod i f i ed c o s i n e f u n c t i o n , a s s h o w n 
in F i g . 76 . T h e m a x i m u m s l o p e of 
t h e c u r v e , t h a t of t h e d a s h e d l i n e , 
w a s u s e d in t h e a n a l o g c o m p u t e r s t u d y . 

T h e A n a l o g C o m p u t e r A n a l 
y s i s w a s c a r r i e d o u t for a r m a t u r e 
v o l t a g e s r a n g i n g f r o m 50 to 100 v 
w i t h a f i x e d l e a d - l a g n e t w o r k i n 
c o r p o r a t e d in t h e A u t o m a t i c C o n t r o l 
C i r c u i t . R e s p o n s e s of t h e s y s t e m 
to s t e p , s i n u s o i d a l , a n d r a m p i n p u t 
s i g n a l s w e r e o b s e r v e d . T h e A u t o -

ROD MOTION 

144-344 
Fig. 76. "Janus" Rod-worth 

Function (Assumed) 

m a t i c C o n t r o l S y s t e m w a s o b s e r v e d to b e s t a b l e for a l l m o t o r v o l t a g e s 
f r o m 50 t o 100 v . C o n t r o l w a s s u p p l i e d to w i t h i n ± 1.0% o r l e s s for s t e p 
f u n c t i o n s u p t o 10 c e n t s p e r s t e p , fo r s i n u s o i d a l f u n c t i o n s r e p r e s e n t i n g 
a Ak of 1 c e n t a n d f r e q u e n c i e s f r o m 0 .01 to 0 .1 c y c l e / s e c o n d , a n d fo r r a m p 
f u n c t i o n s f r o m 1 c e n t p e r 10 s e c to 5 c e n t s p e r 10 s e c . 

R e s t r i c t i o n s on o p e r a t i o n of t h e " J a n u s " r e a c t o r w i t h a u t o m a t i c 
c o n t r o l a r e s u p p l i e d b y i n t e r l o c k s a s s o c i a t e d w i t h t h e a u t o m a t i c c o n t r o l 
s y s t e m . An i n t e r l o c k i s a r r a n g e d to r e t u r n t h e r e a c t o r f r o m a u t o m a t i c 
t o m a n u a l c o n t r o l if t h e r e a c t o r f lux l e v e l v a r i e s b y ± 5 . 0 % f r o m t h e d e 
s i r e d l e v e l . A n n u n c i a t o r a l a r m a n d i n d i c a t i o n i s g i v e n if t h i s o c c u r s . T h e 
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interlock ar rangement also prevents the operator from t ransferr ing the 
reactor from manual to automatic control if the voltage resulting from the 
flux level is not within the fixed reference voltage for the automatic con
t ro l system. 

Additional interlocks (a) limit to 0.5% Ak/k the change in reactivity 
which may be added by the regulating rod while in automatic control, 
(b) monitor the ionization-chamber voltage to cause the automatic control 
to rever t to manual if this does not remain sufficient to maintain the 
chamber in a saturated condition, and (c) to drop the regulating rod out of 
automatic control if the a rma tu re voltage of the motor drops to approxi
mately 40 v and/or the field voltage drops to approximately 50 v. The 
approximate normal operating voltages for the motor a re : a rmature - 80 v; 
field - 110 V. The charac te r i s t i cs of the regulat ing-rod motor drive a re 
shown in Fig. 77. 

Fig. 77 

Charac ter i s t ics of Regulating'-
rod Motor Drive 

"O 20 40 60 80 100 120 140 144-345 
VOLTS 

The circuit d iagrams for the automatic control system may be 
found by reference to three drawings: 

(a) Current Amplifier - EL-C-29 16, 

(b) Reference and High Voltage Supplies - EL-B-2917, and 

(c) Control Amplifier - EL-D-2921, 

which a re listed in Appendix A. Pr in ts of these drawings a re available in 
the "Janus" Drawing File, and photographic reductions of these drawings 
a r e shown respectively in this manual as Fig. 78, Fig. 79, and Fig. 80. 
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VII, N O N - N U C L E A R INSTRUMENTS 

The s u c c e s s f u l o p e r a t i o n of the " J a n u s " R e a c t o r depends upon being 
ab le to m o n i t o r p r o c e s s e s o the r than t hose d i r e c t l y connec ted with the n u c 
l e a r f i s s ion and cha in r e a c t i o n which is the b a s i c p r o c e s s of the c o m p l e t e 
s y s t e m . F o r e x a m p l e , the r e l e a s e of e n e r g y in the f i s s i on p r o c e s s , which 
a p p e a r s v e r y l a r g e l y in the f o r m of hea t , r e q u i r e s s p e c i a l cool ing m e a n s 
for any n u c l e a r r e a c t o r which o p e r a t e s at a c o n s i d e r a b l e l eve l of p o w e r . 
T h u s , in th i s s ec t ion , a t t en t ion is d i r e c t e d to l i s t ing da ta and o the r i n f o r m a 
t ion r e l a t i v e to i n s t r u r a e n t a t i o n u s e d with the p r i m a r y and s e c o n a r y coo lan t s 
which a r e c i r c u l a t e d r e s p e c t i v e l y t h r o u g h the r e a c t o r , and the e x t e r n a l s y s 
t e m for h e a t d i s s i p a t i o n , 

A, R e a c t o r C o o l i n g - w a t e r S y s t e m 

M e a s u r e m e n t s and ind ica t ions of f lows, p r e s s u r e s , and t e m p e r a t u r e s 
in v a r i o u s p o r t i o n s of the p r i m a r y cool ing s y s t e m a r e a c c o m p l i s h e d by u s e 
of s t a n d a r d conmmercia l i n s t r u m e n t s l i s t e d below. The w a t e r l eve l in the 
r e a c t o r tank and the s t o r a g e tank, the conduct iv i ty , and the pH of the w a t e r 
c i r c u l a t e d t h r o u g h the r e a c t o r a r e i t e m s ove r which the o p e r a t o r s of the r e 
a c t o r should be ab le to k e e p watch . Again , c o m m e r c i a l l y ava i l ab l e i n s t r u 
m e n t s a r e g e n e r a l l y u sed , and, as above , they a r e l i s t e d below, 

1, Flow 

The m a i n r e a c t o r w a t e r flow ( c i r c u l a t i o n t h r o u g h the r e a c t o r 
tank and the she l l s i d e s of the hea t e x c h a n g e r s ) is m e a s u r e d by use of an 
o r i f i c e , of 2 .220- in . d i a m e t e r , m o u n t e d be tween o r i f i ce f langes in a s e c t i o n 
of 3- in . schedule 40 pipe of a l u m i n u m . T h e s e a r e l oca t ed be tween the ou t 
let s ide of the h e a t e x c h a n g e r s and the r e a c t o r t ank a s ind ica ted by F ig . 2 1 . 
The p r e s s u r e d i f fe ren t i a l a c r o s s the or i f ice is s e n s e d and t r a n s m i t t e d to 
the flow ind i ca to r and r e c o r d e r ( see Table Xl) by m e a n s of a d i f fe ren t i a l 
p r e s s u r e ce l l and flow t r a n s d u c e r ( see Table X). 

TableX Tab leH 

FLOW TRANSDUCER 
(Foxboro Flow Transducer) 

Foxboro dp cell 
Body 
Range 

Orifice 

Material 
Diameter 

Use with 3-in 

Flow 
Air Supply 
Output 

Type 13A 
Type 316 Stainless Steel 
0-100 in. H2O 

Type 316 Stainless Steel 
3.220 in. 

schedule 40 pipe. 

0-200 gpm 
20 psig (regulated and filtered) 
3-15 psig 

FLOW INDICATOR-RECORDER 
(Foxboro IC Flow and Temperature Receiver-Recorder) 

Model No. 40 

Pens 3 (with common ink supply) 
Chart Drive 1 rev/24 hr (electric) 
Elements Bronze Bellows (3-15 psig) 
Ranges 0-200 gpm (flow) 

0-60° C (temp) 

Installation and Servicing 
covered by Instruction Book No. 782 

The Foxboro Company, Foxboro, Mass. 

Installation and Servicing 
covered by Instruction Book No. 1526 
The Foxboro Company, Foxboro, Mass. 
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• 2. P r e s s u r e 

P r e s s u r e readings at the inlets and outlets of the heat ex
changers enable the opera tors of the "Janus" reac tor to monitor the p r e s 
sure relat ion existing between the coolants in the primiary and secondary 
cooling sys tems at the region of c losest proximity to each other. If any 
defects should develop in the tubes of the heat exchangers or in the seals 
where the tubes a r e secured in the tube sheets of the heat exchangers , 
t ransfer of water between the two sys tems would be a function of the preS ' 
sures existing the re . 

These p r e s s u r e s for the p r i m a r y sys tem a re measured and 
indicated by P j and P4 of Fig. 21. The ins t ruments used a r e descr ibed in 
Tables XII and XIII, 

Table XII 

PRESSURE TRANSDUCER AND INDICATOR 
(Foxboro Pneumatic Indicating P r e s s u r e Transmi t t e r ) 

Model No, 44 

Range 0-30 psig 
Scale , Eccent r ic (0-30 uniform) 
Element Spiral (Type 316 Stainless Steel) 
Air supply 20 psig 
Outlet 3-15 psig 

Installation and Servicing 
covered by Instruction Book No, 1581 

The Foxboro Company, Foxboro, Mass . 

Table XIII 

REMOTE PRESSURE INDICATOR 
(Foxboro P r e s s u r e Indicator) 

Type MR Receiver Gage 
Range 0-30 psig 
Mounting Flush 
Size 3--^ in. Round 

3. Tempera tu re 

By combining information on inlet and oulet t empe ra tu r e s at 
the reac tor with the flow ra te of water through the reac to r , it becomes 
possible to calculate the power level at which the reac to r is operating. 
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This information then enables calibration of the neutron-sensing instruments 
which serve for following the power variat ions and level of the reac tor during 
s tar tup and operation. The t empera tu res in the p r imary cooling sys tem at the 
inlets and outlets of the heat exchangers a re measured by T3 and T4, as shown 
in Fig. 21, These values a re indicated and recorded by the instrumentation 
described in Tables XIV and XV, 

Table XIV 

TEMPERATURE TRANSMITTER 
(Foxboro Pneumatic Indicating Transmi t te r ) 

Model No, 44 

Range 0-60°C 
Thermal System Long Distance 

Class and Type I,B, (Liquid Filled) 
Bulb Code 1442 (316 stainless steel) 

Air Supply 2 0 psig 
Output 3-15 psig 

Installation and Servicing 
covered by Instruction Book No. 1589 

The Foxboro Company, Foxboro, Mass . 

Table XV 

TEMPERATURE INDICATOR AND RECORDER 
(Foxboro IC Flow and Tempera ture Receiver-Recorder) 

Model No, 40 

Pens 3 (with common ink supply) 
Chart Drive 1 rev /24 hr (electr ic) 
Elements Bronze Bellows (3-15 psig) 
Ranges 0-200 gpm (flow) 

0-60°C (temp) 

Installation and Servicing 
covered by Instruction Book No. 782 

The Foxboro Company, Foxboro, Mass . 

4. Water Levels 

It is anticipated that in filling the reac tor sys tem with deionized 
water , both the reac tor tank and the storage tank will be calibrated to obtain 
volume vs . level curves for the two tanks. During subsequent operation of 
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the reac tor , it will be useful to monitor the levels of water in these ves se l s . 
For this purpose, a bubbler gage sys tem was ar ranged. The p r e s s u r e s r e 
quired to maintain a cer ta in ra te of escape of helium bubbles into the tanks 
from the bubble tubes, which a re inser ted to within a small known distance 
from the bottoms of the tanks, will (when calibrated) indicate the water 
levels in the respect ive tanks. 

These p r e s s u r e s may be sensed and t ransmi t ted to the r eac to r 
control room or other remote location by use of differential p r e s s u r e cells 
and t ransducers or by other suitable means . The devices selected for use 
with the "Janus" reac tor a re descr ibed in Tables XVI and XVII, 

Table XVI 

LEVEL TRANSMITTER 
(Minneapolis-Honeywell Regulator Co.) 

Model No. 292 N1-H4 

Range 0-100 in. H2O 
Accuracy 1% 
Body Type 316 s ta inless steel 

Installation and Servicing 
covered by booklet for 

Model No, 292 Nl -H4-11-111-B 
Minneapolis-Honeywell Regulator Co. 

Minneapolis, Minn. 

Table XVII 

LEVEL INDICATOR 
(Minneapolis-Honewell Regulator Co.) 

Model No. 709X6-L 

Range 0-100 in. H2O 

Equipped with Mercoid Switches for Level Limit Interlocks 

See Minneapolis-Honeywell Catalogue for 
descript ion and ins t ruct ions . 

5. pH of Reactor Water 

Corros ion of the aluminum in the reac tor and its associa ted 
components which a re exposed to the water modera tor -coo lan t is quite 
dependent upon the quality of the water . The pH of the water should be 
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held between about 6.5 and 7,0 to keep corros ion small and fine grained. 
The cleanup sys tem for the "Janus" reac tor water is a r ranged to enable 
pH measurement s to be made on the water coming from the reactor tank 
or on the water being re turned to the reac tor from the cleanup system, as 
may be desired. A schematic d iagram showing this a r rangement is given 
in Fig. 22. The pH indicator employed is described in Table XVIII. 

Table XVIII 

pH INDICATOR 
(Beckman Instrument Co.) 

Amplifier Beckman Model W 
Range pH for 2 to 12 
Elec t rodes Br is to l Flow Type #96565 

(Described in Br is to l Bulletin Q1304) 

Well Type 316 stainless s teel 

Installation and Servicing covered in 
Beckman Catalogue No. 80343 

6. Conductivity of Reactor Water 

Another indication of the quality of the r eac to r water is given 
by its e lec t r ica l conductivity. If cor ros ion of the reac tor sys tem is smal l 
and the cleanup sys tem is functioning proper ly , the conductivity of the r e 
actor water should be maintained easily from one to one-half micromho or 
l e s s . By reading the conductivity of the water entering the cleanup sys tem 
from the reac tor tank and leaving the cleanup system, a check on the pe r 
formance of the cleanup r e s in column can also be made. It may be seen 
from Fig. 22 that provis ions have been made for such use of the conductivity 
me te r . The conductivity indicator is descr ibed in Table XIX. 

Table XIX 

CONDUCTIVITY INDICATOR 
(Nielsen and F r y e r , Inc.) 

Industr ia l Ins t ruments Model No. R13-S30-P47K 

Automatic Tempera tu re Compensation 
Response Time 15 sec for full scale 
Range 0-10 micromho 

Uses Conductivity Cell (Nielsen and Frye r , Inc.) 
Model No. CEL-1(SS)002 

Mounted in Gate Valve with Teflon-gasketed 
Removable Cell Element 

Automatic Tempera tu re Compensation between 20 and 90°C 
Range 0-10 micromho 
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B. Water System for Cooling Tower 

The secondary cooling sys tem t rans fe r s the reac tor heat from the 
p r imary cooling sys tem to a cooling tower by use of water circulated through 
a system of heat exchangers and pumps. This sys tem is also supplied with 
instrumentation for monitoring the flow r a t e s , p r e s s u r e s , and t empera tu res 
for the tube sides of the heat exchangers . Descr ipt ions , and instruct ions for 
installation and servicing may be found by reference to corresponding i tems 
of the above Reactor Cooling Water System. See respect ively: 

1, Flow 
2, P r e s s u r e 
3, Tempera tu re . 

VIII. MISCELLANEOUS INSTRUMENTS 

The "Janus" I r radia t ion Facili ty is supplied with a number of ins t ru 
ments which a re not direct ly associated with the operation of the reac tor , 
its i r radia t ion cells and workrooms, or with i ts cooling sys tems . Brief de 
scriptions of these a re given in this section. 

A. Regulating Rod-position Indicators 

1. Digital Indication 

The rod "cable" drives a pulley whose shaft comes outside the 
sealed mechanism. This shaft makes roughly 7 revolutions for the approxi
mately 22-in, t rave l of the rod and drives a Metron (10A30R-S) speed in-
c r e a s e r . This , in turn, dr ives a Beckman Type XV Selsyn t r ansmi t t e r 
(115-v, 60 cps). The rece ive r is geared 1 to 1 to a Veeder-Root Model 1128 
four-place counter for which 1 shaft revolution is equal to 10 digits. If con
siderat ion is given to the backlash in the Metron Speed Reducer and the a c 
curacy of the Selsyns, a position accuracy of about 0.01 in. is achieved. 

2. Analog Indication 

A meter re lay which l imits rod t rave l while in automatic control 
also provides analog indication of the regulating rod position. The meter is op
era ted in the same manner as the safety rod analog indicators descr ibed below. 

B, Shim-Safety Rod-position Indicator 

1. Analog Indication 

A s ingle- turn potentiometer of ±0.5% absolute l inear i ty is driven 
by a geared down shaft which is used to actuate the l imit switches. The 
position-indicating meter is then connected between the moving a r m of the 
potentiometer and ground. The overal l accuracy is about ±5.0%. 
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C. Wind Inst ruments 

A Texas Elect ronics Company Mark III Weathermaster unit was 
purchased. A KoUsman 32V Type No. 403-6056 Selsyn was installed in 
place of the 6-v Selsyn supplied. The higher voltage gave more torque, 
so that an insulated disk could be added to the shaft. The disk was made 
from a printed circui t board and had the copper left on one side, whereas 
on the other 3 quadrants of copper were removed. The two copper sides 
were electr ical ly connected together. Two wipers were mounted so that 
one was on each side of the disk. These were tied into the a l a r m system. 
The disk will be instal led on the Selsyn shaft when the a l a r m wind direction 
has been decided, 

D, TV Systems 

1, Low-level I r radia t ion Cell 

An RCA TK201 closed-loop TV system was purchased. The 
RCA pan and tilt mechanism was checked to see if it would operate upside 
down; it does. The option for remote i r i s control was used. 

A long wire basket was fabricated to be hung around the camera . 
The basket was hung from limit switches such that if the basket is pushed 
off center , the down drive of the TV crane is stopped. A Century Lighting 
Panograph was purchased; in the final installation, the springs were removed 
and replaced by a cable, 

2. High-level I r radia t ion Cell 

An RCA TV Eye sys tem was purchased. This unit has only a 
300-line resolut ion and may not be the best solution. However, at the cost, 
it seemed like an excellent gamble at the t ime. A Zenith portable TV set 
is the monitor. 

E. Shutter T imer 

A C r a m e r t ime unit #521A-6-6S provides a closed contact once a 
second. This contact, in turn, actuates a Sodeco prede te rmined counter 
(T iZ5P lEc r t z - N52353) with five p laces . If the shut ters worked instan
taneously, the t imer would p r o g r a m any shutter opening from 1,0 to 
99,999 sec with ±1.0-sec accuracy. The C r a m e r t imer has six contacts 
with a cycle t ime of 6 sec per revolution, so that each contact is made 
once every 6 sec. This a r rangement provides a longer life for the contacts . 
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IX. A P P E N D I C E S 

A. L i s t s of Ava i l ab l e D r a w i n g s 

1. Bui ld ing and S e r v i c e s 
P E - 2 0 2 - 3 3 - B 

N e u t r o n I r r a d i a t i o n F a c i l i t y 
(Wing J - Bui ld ing 202) 

Main F loo r P l a n P E - 2 0 2 - 7 6 - B - 3 
Main F l o o r R e i n f o r c i n g P l a n P E - 2 0 2 - 7 6 - B - 3 A 
Roof F r a m i n g P l a n and S tee l De t a i l s P E - 2 0 2 - 7 6 - B - 4 
Roof P lan , F r e s h Ai r Intake, and M i s c e l l a n e o u s 

De ta i l s P E - 2 0 2 - 7 6 - B - 5 
M i s c e l l a n e o u s A r c h i t e c t u r a l and S t r u c t u r a l D e t a i l s P E - 2 0 2 - 7 6 - B - 6 
Window and Door D e t a i l s P E - 2 0 2 - 7 6 - B - 7 
Door and L in t e l Schedu le s , M i s c e l l a n e o u s 

S t r u c t u r a l De t a i l s P E - 2 0 2 - 7 6 - B - 8 
Nor th and West E l e v a t i o n s P E - 2 0 2 - 7 6 - B - 9 
South and E a s t E l e v a t i o n s P E - 2 0 2 - 7 6 - B - 1 0 
Bui lding Sect ion, Manhole and Sump De ta i l s P E - 2 0 2 - 7 6 - B - 1 1 
Bui lding Sect ion and M i s c e l l a n e o u s De ta i l s P E - 2 0 2 - 7 6 - B - 1 2 
Bui lding Sec t ions P E - 2 0 2 - 7 6 - B - 1 3 
R e a c t o r A r e a Door Openings and T r a c k s P E - 2 0 2 - 7 6 - B - 1 4 
Shielding D o o r s P E - 2 0 2 - 7 6 - B - 1 5 
High Dose A c c e s s P lug De ta i l s P E - 2 0 2 - 7 6 - B - 1 6 
Low Dose A c c e s s P lug De ta i l s P E - 2 0 2 - 7 6 - B - 1 7 
Exhaus t S tack P l a n and Guy A r r a n g e m e n t s P E - 2 0 2 - 7 6 - B - 1 8 
E x h a u s t S tack B a s e and De ta i l s P E - 2 0 2 - 7 6 - B - 1 9 
P ip ing P l a n s - S e r v i c e F l o o r P E - 2 0 2 - 7 6 - M - 1 
P ip ing P l a n - Main F l o o r and M i s c e l l a n e o u s D e t a i l s P E - 2 0 2 - 7 6 - M - 2 
M i s c e l l a n e o u s P ip ing D e t a i l s - S e r v i c e F l o o r P E - 2 0 2 - 7 6 - M - 3 
Heat ing and Cooling P ip ing D e t a i l s P E - 2 0 2 - 7 6 - M - 4 
Supply and E x h a u s t D u c t w o r k - S e r v i c e F l o o r P E - 2 0 2 - 7 6 - M - 5 
Supply and E x h a u s t D u c t w o r k - Main F l o o r P E - 2 0 2 - 7 6 - M - 6 
Duc twork Sec t ions and De ta i l s P E - 2 0 2 - 7 6 - M - 7 
Single P o s i t i o n F i l t e r C h a m b e r D e t a i l s P E - 2 0 2 - 7 6 - M - 8 
Two P o s i t i o n F i l t e r C h a m b e r D e t a i l s P E - 2 0 2 - 7 6 - M - 9 
F i n a l and P r e f i l t e r De t a i l s P E - 2 0 2 - 7 6 - M - 1 0 
U n d e r g r o u n d E x h a u s t D u c t w o r k and B lower P E - 2 0 2 - 7 6 - M - 1 1 
Ai r Cond i t ione r #1 and Ai r F low C o n t r o l D i a g r a m s P E - 2 0 2 - 7 6 - M - 1 2 
Ai r Condi t ioner #2 and M i s c e l l a n e o u s C o n t r o l 

D i a g r a m s P E - 2 0 2 - 7 6 - M - 1 3 
P o w e r P l a n - S e r v i c e F l o o r and Outs ide P E - 2 0 2 - 7 6 - E - 1 
P o w e r P l a n - Main F l o o r P E - 2 0 2 - 7 6 - E - 2 
InstrTiment R a c e w a y P l a n - S e r v i c e F l o o r P E - 2 0 2 - 7 6 - E - 3 
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Light ing P l a n - S e r v i c e F l o o r 
Light ing P l a n - Main F l o o r 
Single Line D i a g r a m and P a n e l Schedule 
S c h e m a t i c D i a g r a m s 
Wir ing D i a g r a m - Motor Control Center 

S e r v i c e F l o o r 

P E - 2 0 2 - 7 6 - E - 4 
P E - 2 0 2 - 7 6 - E - 5 
P E - 2 0 2 - 7 6 - E - 6 
P E - 2 0 2 - 7 6 - E - 7 

P E - 2 0 2 - 7 6 - E - 8 

I n s t r u m e n t a t i o n 

E l e c t r o n i c G a l v a n o m e t e r T r i p C i r c u i t 
C o m m o n E m i t t e r D C - D C C o n v e r t e r for 

E l e c t r o n i c Galvanonneter 
Log N and P e r i o d C h a n n e l ( P a r t of SY-25) 
Log N and P e r i o d Channe l ( P a r t of SY-25) 
Log N and P e r i o d Channe l ( P a r t of SY-25) 
Nega t ive T r i p C i r c u i t ( P a r t of SY-25) 
Diode C u r v e 
P o w e r Supply with Two P l u g - i n Safety T r i p 

A m p l i f i e r s and One S p a r e ( P a r t of SY-25) 
J a n u s G a m m a Moni to r 
J a n u s G a m m a Moni to r (Unit #8) 
J a n u s N u c l e a r I n s t r u m e n t Range 
S a t u r a t i o n C h a r a c t e r i s t i c s - N e u t r o n i c s 

C h a m b e r 
IC15A Ion C h a m b e r C u r v e 

E L - B - 2 6 7 6 Sheet 1 of 2 

E L - B - 2 6 7 6 
E L - A - 2 6 4 7 
E L - A - 2 6 4 7 
E L - A - 2 6 4 7 
E L - A - 2 6 4 7 
E L - A - 2 6 4 7 

Sheet 2 of 2 
Sheet 1 of 7 
Sheet 2 of 7 
Sheet 3 of 7 
Sheet 4 of 7 
Sheet 5 of 7 

E L - C - 2 6 8 0 Sheet 1 of 1 
E L - B - 2 8 6 5 Q Sheet 1 of 2 
E L - B - 2 8 6 5 Q Sheet 2 of 2 
R O - 7 - 1 2 2 7 - B 

R O - 7 - 1 2 2 8 - B 
R O - 7 - 1 2 2 9 - B 

3. R e a c t o r and I r r a d i a t i o n F a c i l i t i e s 

P l a n View - Top of R e a c t o r 
(Neut ron R a d i a t i o n F a c i l i t y A s s e m b l y ) 

E a s t - W e s t V e r t i c a l t h r o u g h J a n u s 
(Neut ron R a d i a t i o n F a c i l i t y ) 

H o r i z o n t a l Sec t ion t h r o u g h C o r e - Janus 
(Neu t ron R a d i a t i o n F a c i l i t y ) 

R e a c t o r Tank - J a n u s 
P l e n u m C h a m b e r - J a n u s 
P l e n u m A d a p t e r F u e l A s s e m b l y 
S t r a igh t B r i c k - P l a i n 
S o u r c e and Ad jus t ab l e P o i s o n Hous ing A s s e m b l y 
Cyl inde r for J a n u s F u e l Rod 
Upper Sec t ion of P o i s o n and Sou rce Rod 
F u e l A s s e m b l y - N e u t r o n R a d i a t i o n F a c i l i t y 
F u e l Tube S u b a s s e m b l y 
Oute r F u e l Tube - J a n u s E l e m e n t 
F u e l Tubes Inner and I n t e r m e d i a t e 
N o s e Inlet and T h i m b l e Seat 

R O - l - l O O O - E - 1 

R O - l - l O O O - E - 2 

R O - l - l O O O - E - 3 
R O - 1 - l O O l - E 
R O - 1 - 1 0 0 2 - E 

1-1003-A 
1-1007-B 

1010-C 
1011-A 
1012-B 

R O - 1 - 1 0 1 3 - D 
R O - 1 - 1 0 1 4 - C 
R O - 1 - 1 0 1 5 - B 
R O - 1 - 1 0 1 6 - B 
R O - 1 - 1 0 1 7 - A 

RO 
RO 
R O - 1 
RO 1-

R O - 1 -
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S p a c e r - Upper 
Hous ing - Upper 
Top Shield P lug - Fue l Rod 
P o i s o n Rod 
Th imb le Nose 
T h i m b l e F u e l Tube 
T h i m b l e Ex tens ion 
C o n v e r t e r P l a t e s - J a n u s 
C e n t e r Sect ion, 2 0 - i n . - t h i c k Shut te r 
Cy l inde r for J a n u s S o u r c e A s s e m b l y 
Rod Sec t ion for J a n u s S o u r c e A s s e m b l y 
End Sect ion, 2 0 - i n . - t h i c k Shu t t e r 
C e n t e r Sect ion, 1 0 - i n . - t h i c k Shut te r 
End Sect ion, 1 0 - i n . - t h i c k Shut te r 
T h i m b l e Tube (Nonfuel B e a r i n g ) 
S o u r c e A s s e m b l y - J a n u s 
C o m p r e s s i o n Spr ing 
Spr ing R e t a i n e r and P l u n g e r 
Lower Spr ing R e t a i n e r 
An t imony Sect ion for S o u r c e A s s e m b l y 
E x t e n s i o n Rod - J a n u s S o u r c e A s s e m b l y 
B e r y l l i u m Sect ion and E x t e n s i o n Tube for 

J a n u s S o u r c e A s s e m b l y 
R e t e n t i o n Spr ing - J a n u s Sou rce A s s e m b l y 
S tee l Shel l - J a n u s 
C o r n e r P o s t - E a s t - S tee l Shel l 
C o r n e r P o s t - Wes t - S tee l She l l 
C o r n e r Channe l s - S tee l She l l 
Channe l R e t a i n i n g B a r - S t e e l She l l 
Backup P l a t e - S tee l She l l 
Gr id P l a t e - J a n u s 
C lev i s 
Top Shield P lug - J a n u s 
Ro ta t ing P lug D e t a i l 
S t o r a g e Hole 
Shield P lug for S to rage Hole 
S p a c e r and Suppor t for S t o r a g e Hole 
R e g u l a t i n g - S a f e t y Rod A s s e m b l y 
T h i m b l e Nose - Regu la t ing and Safety Rod 
Guide Rod and S o u r c e A s s e m b l y 
R e g u l a t i n g - S a f e t y Rod 
Seal ing Ring 
Sea l ing Ring Locking Shoe 
G a s k e t - Ro ta t ing P lug 
Oblong P lug Locking Shoe 
C e n t e r P lug Locking Shoe 

R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -

R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -
R O -

1-1018-
L-1019-
L-1020-
1-1021-
1-1022-
1-1023-
1-1024-
1-1025-
1-1026-
1-1027-
1-1028-
1-1029-
1-1030-
1-1031-
1-1032-
1-1033-
1-1034-
1-1035-
1-1036-
1-1037-
1-1038-

1-1039-
1-1040-
1-1041-
1-1042-
1-1043-
1-1044-
1-1045-
1-1046-
1-1047-
1-1048-
1-1050-
1-1051-
1-1052-
1-1053-
1-1054-
1-1055-
1-1056-
1-1057-
1-1058-
1-1059-
1-1060-
1-1061-
1-1062-
1-1063-

-B 
-B 
-B 
-A 
-A 
-B 
-B 
-F 
-D 
-B 
-B 
-D 
-D 
-D 
-B 
-D 
-A 
-B 
-A 
-C 
-C 

-D 
-A 
• E 

-B 
-B 
-B 
-B 
-B 
-D 
-B 
-F 
-E 
-C 
-C 
-B 
-E 
-A 
-C 
-C 
-B 
-A 
-A 
-A 
-A 
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F l a n g e D e t a i l - Gas Out le t Side R O - 1 - 1 0 6 4 - B 
F l a n g e D e t a i l - Gas Inlet Side R O - 1 - 1 0 6 5 - B 
W a t e r In /Out P i p e S u b a s s e m b l y R O - 1 - 1 0 6 6 - C 
Shield P l u g - A l t e r n a t e R O - 1 - 1 0 6 8 - C 
C e n t e r P l u g - P r i m a r y R O - 1 - 1 0 6 9 - C 
J a n u s R e a c t o r Tank A s s e m b l y R O - 1 - 1 0 7 2 - F 
D e t a i l - Shie ld ing P lug R O - 1 - 1 0 7 3 - C 
Stud R O - 1 - 1 0 7 4 - A 
Tube E x t e n s i o n and Sea l Hous ing Subassembly R O - 1 - 1 0 7 5 - D 
I n s t r u m e n t Hole P lug R O - 1 - 1 0 7 6 - B 
I n s t r u m e n t T h i m b l e , R O - 1 - 1 0 7 7 - C 
P n e u m a t i c E x t e n s i o n Tube R O - 1 - 1 0 7 8 - C 
Sea l C o m p r e s s i o n Ring R O - 1 - 1 0 7 9 - B 
Sea l Hous ing R O - 1 - 1 0 8 1 - C 
Sea l Hous ing Coupl ing and P l a t e R O - 1 - 1 0 8 2 - B 
Sea l R ings R O - 1- 1085-A 
P n e u m a t i c Sample Tube R O - 1 - 1 0 8 6 - C 
L i n e r for P n e u m a t i c E x t e n s i o n Tube Hous ing R O - 1 - 1 0 8 7 - C 
Shie ld ing for P n e u m a t i c E x t e n s i o n Tube Hous ing R O - 1 - 1 0 8 8 - C 
Ou te r Shield P lug A s s e m b l y - Rabb i t F a c i l i t y R O - 1 - 1 0 8 9 - D 
S a m p l e Tube L i n e r and Hous ing R O - 1 - 1 0 9 0 - D 
S a m p l e Tube F l a n g e Jo in t R O - 1 - 1 0 9 1 - B 
S o u r c e Tube Shield P lug L i n e r R O - 1 - 1 0 9 2 - C 
S o u r c e Tube Shield P lug R O - 1 - 1 0 9 3 - C 
Ou te r Shield P l u g - Rabb i t F a c i l i t y R O - 1 - 1 0 9 4 - D 
Shie ld ing Wal l - Low L e v e l Side (Not a s C o n s t r u c t e d ) R O - 1 - 1 0 9 5 - D 
Shie lding Wal l - High L e v e l Side (Not a s C o n s t r u c t e d ) R O - I - I O 9 6 - D 
" J a n u s " C o r e Buffer R O - 1 - 1 0 9 7 - E 
F l a n g e - C o r e Buffer Gas L i n e s R O - 1 - 1 0 9 8 - C 
H o r i z o n t a l Sec t ion t h r o u g h J a n u s Reactor Core R O - 1 - 1 0 9 9 - D 
T r a c k - Ro ta t i ng P lug R o l l e r s R O - l - U O O - C 
C o n v e r t e r P l a t e s D r i v e A s s e m b l y R O - 1 - l l O l - D 
C o n v e r t e r P l a t e s D r i v e Motor Mount ing Bracket R O - 1 - 1 1 0 2 - B 
C o n v e r t e r P l a t e s D r i v e Stops R O - 1 - 1 1 0 3 - C 
C o n v e r t e r P l a t e s D r i v e Shafts R O - 1 - 1 1 0 4 - B 
C o n v e r t e r P l a t e D r u m F a c e P l a t e R O - 1 - 1 1 0 5 - B 
C o n v e r t e r P l a t e s D r u m Shafts R O - 1 - 1 1 0 6 - C 
Wi re Rope D r u m R O - 1 - 1 1 0 7 - C 
P i l l ow B l o c k Suppor t s R O - 1- 1108-C 
E x t e n s i o n Tube R O - 1 - 1 1 0 9 - B 
S m a l l Shie ld ing, Guide and Hold Down P lug R O - l - l U O - C 
L a r g e Shie ld ing , Guide and Hold Down P lug R O - 1 - l l l l - C 
R o l l e r A s s e m b l y - Ro ta t ing P lug R O - 1 - 1 1 1 7 - C 
P i l l o w B locks Mount ing B r a c k e t B a s e P l a t e s R O - 1 - 1 1 1 8 - A 
C o n v e r t e r P l a t e s W i r e Rope D r u m Cover R O - 1 - 1 1 2 1 - B 
Cab le D r u m P i l l o w Block Suppor t s R O - 1 - 1 1 2 2 - B 
Rabb i t F a c i l i t y Hous ing R O - 1 - 1 1 2 3 - D 
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C o n v e r t e r P l a t e s Connect ion De ta i l R O - 1 - 1 1 2 5 - C 
High Leve l Lead Wall P e d e s t a l R O - 1 - 1 1 2 6 - D 
High Leve l Shut te r P e d e s t a l R O - 1 - 1 1 2 7 - D 
J a n u s High and Low L e v e l Shu t t e r A s s e m b l y R O - 1 - 1 1 2 8 - D 
Low Leve l Shu t t e r P e d e s t a l R O - 1 - 1 1 2 9 - D 
Low L e v e l Lead Wall P e d e s t a l • R O - 1 - 1 1 3 0 - D 
S tee l F o r m - be tween Bui lding and S tee l She l l R O - 1 - 1 1 3 1 - D 
Guide - 2 0 - i n . - t h i c k End Sect ion Shut te r R O - 1 - 1 1 3 2 - C 
Guide - 1 0 - i n . - t h i c k End Sect ion Shu t t e r R O - 1 - 1 1 3 3 - C 
R e v i s e d Top Seal ing A r r a n g e m e n t R O - 1 - 1 1 3 4 - A 
F u e l S to rage Tube Loca t ion R O - 1 - 1 1 3 5 - B 
W a s h e r ,. J R O - 1 - 1 1 3 6 - A 
B e a r i n g F a c e C o n v e r t e r P l a t e s R O - 1 - 1 1 3 7 - C 
C e n t e r F i l l e r F l o o r P l u g s R O - 1 - 1 1 3 8 - C 
C o n v e r t e r P l a t e Sect ion R O - 1 - 1 1 3 9 - B 
Shielding P lug R O - 1 - 1 1 4 0 - C 
Cooling Coil and T h e r m o c o u p l e L o c a t i o n for She l l B . R O - 1 - 1 1 4 1 - D 
B r a c k e t s - Hea t E x c h a n g e r R O - 1 - 1 1 4 2 - C 
J a n u s T h e r m a l Column Sleeve R O - 1 - 1 1 4 5 - C 
P in and W a s h e r - Shut te r A s s e m b l y R O - 1 - 1 1 4 6 - A 
F l o o r Shield B locks R O - 1 - 1 1 4 9 - F 
Top Shield P lug Cooling Coil . R O - 1 - 1 1 5 0 - D 
Loca t ing F o r m At tenua t ion C h a m b e r , R O - 1 - 1 1 5 1 - C 
I n s t r u m e n t a t i o n T h i m b l e s - G r a p h i t e Zone , R O - 1 - 1 1 5 2 - C 
G r a p h i t e C o m p a r t m e n t - R e a c t o r Tank R O - 1 - 1 1 5 3 - C 
L a r g e ("O" Ring Groove) Shie lding, Guide and 

Hold Down P lug R O - 1 - 1 I 5 4 - C 
De ta i l - Shie lding P lug "O" Ring Groove R O - 1 - 1 1 5 5 - C 
3- in . N . P . S . Or i f i ce F l a n g e for J a n u s R e a c t o r R O - 1 - 1 1 5 6 - B 
Gaske t - A t t enua t ion C h a m b e r R O - 1 - 1 1 5 7 - B 
P ip ing De ta i l - Hea t E x c h a n g e r R O - 1 - 1 1 5 8 - C 
H e l i u m Gas C a t a l y s t C h a m b e r R O - 1 - 1 1 5 9 - D 
Shel l - Inlet „ R O - 1 - 1 1 6 0 - C 
T h e r m o c o u p l e Wel l R O - I - I I 6 I - A 
She l l -Ou t l e t R O - 1 - 1 1 6 2 - D 
D r a i n De ta i l R O - 1 - 1 1 6 4 - B 
Split Ring for A i r Cy l inde r F l a n g e R O - 1 - 1 1 6 5 - C 
F l a n g e D e t a i l s J a n u s H e l i u m Blower R O - 1 - 1 1 6 6 - B 
H e l i u m B l o w e r - J a n u s R O - 1 - I I 6 7 - D 
Mounting B r a c k e t s - B lower and Motor R O - 1 - 1 1 6 8 - C 
F u e l Tube (2) S u b a s s e m b l y R O - 1 - 1 1 6 9 - C 
J a n u s D u m m y Rod A s s e m b l y R O - 1 - 1 1 7 0 - C 
J a n u s R e a c t o r Tank Leve l ing and Suppor t A r r a n g e m e n t R O - 1 - 1 1 7 1 - D 
J a n u s T h e r m a l Co lumn G r a p h i t e A s s e m b l y R O - 1 - 1 1 7 2 - C 
Surge Tank B r a c k e t s R O - 1 - 1 1 7 3 - B 
H e l i u m C o n t r o l P a n e l P l a t e R O - 1 - 1 1 7 4 - B 
F l o o r Shield B locks - De t a i l s R O - 1 - 1 1 7 5 - D 
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Suct ion Side P u m p s Main Loop R O - 1 - 1 1 7 7 
H e l i u m C o n t r o l S y s t e m R O - 1 - 1 1 7 8 
H e l i u m C i r c u l a t i n g S y s t e m R O - 1 - 1 1 7 9 
S c r e e n and Hous ing R O - 1 - 1 1 8 1 
5- in . P i p e S c r e e n A s s e m b l y R O - 1 - 1 1 8 2 
R e a c t o r W a t e r Loop - S c h e m a t i c R O - I - I 1 8 3 
P i l l o w B lock Anchor P l a t e s R O - 1 - 1 1 8 4 
Ai r S t o r a g e Tank R O - 1 - 1 1 8 5 
A i r Cy l inde r Tank and D e t a i l s in Pump Room R O - I - 1 1 8 7 
A i r Cy l inde r P ip ing De ta i l s ' R O - 1 - 1 1 8 8 
C leanup S y s t e m P ip ing - J a n u s R O - 1 - 1 1 8 9 
Modi f ica t ion of Te le f l ex Whee l Box Subassembly R O - 1 - 1 1 9 0 
Ai r C y l i n d e r Handl ing F i x t u r e R O - 1 - 1 1 9 1 
R e m o t e Valve Wir ing S c h e m a t i c R O - 1 - 1 1 9 3 
B r a c k e t - Motor D r i v e n Valve R O - 1 - 1 1 9 4 
R e i n f o r c i n g Rod Loca t ion R O - 1 - 1 1 9 5 
R o t a t i n g P l u g C e n t e r i n g S p a c e r R O - 1 - 1 1 9 6 
Suppor t B r a c k e t R O - 1 - 1 1 9 7 
F u e l S t o r a g e D r u m R O - 1 - 1 1 9 8 
A c t u a t o r Mount ing A s s e m b l y R O - 1 - 1 2 1 6 
G a s o m e t e r C o n t r o l P a n e l R O - 8 - 1 2 1 7 
P u l l e y Hous ing Mounting B r a c k e t R O - 1 - 1 2 1 8 
Motor D r i v e Mount ing B r a c k e t R O - 1 - 1 2 1 9 
J a n u s Rod D r i v e A s s e m b l y R O - 1 - 1 2 2 0 
J a n u s 2 - in . P n e u m a t i c Tube A s s e m b l y (Rabbit) R O - I - 1 2 2 1 
J a n u s R e a c t o r N u c l e a r I n s t r u m e n t a t i o n R O - 2 - 1 2 2 3 
J a n u s C o n t r o l Conso le R O - 1 - 1 2 2 5 
J a n u s P r i m a r y Cooling P u m p Out le t P ip ing R O - 1 - 1 2 2 6 
High and Low L e v e l Shut te r L i m i t Switch A r r a n g e m e n t R O - I - 1 2 3 0 
V e r t i c a l P a r t i a l C r o s s Sec t ion t h r o u g h J a n u s 

Rabb i t A s s e m b l y R O - 1 - 1 2 3 1 
E m e r g e n c y F low Line R O - 1 - 1 2 3 2 
Modi f ica t ion to R e v e r s i n g Switch - 4 - in . Motorized 

Valve R O - 1 - 1 2 3 3 
P u m p Mount ing - S e c o n d a r y S y s t e m R O - 1 - 1 2 3 4 
D a s h P o t A s s e m b l y - Safety Rod R O - 1 - 1 2 3 5 
J a n u s - Safety Rod D r o p T i m i n g Swi tches - Te le f l ex 

D r i v e A s s e m b l y R O - 1 - 1 2 3 6 
T e l e f l e x D r i v e ( i s o m e t r i c Drawing) R O - 6 - 1 2 3 7 
H e l i u m S y s t e m - J a n u s R O - 8 - 1 2 3 8 
L o c a t i o n P o i n t s for Shut te r P i c k Up R O - 1 - 1 2 3 9 
I n s t r u m e n t H o l e s and T h i m b l e Loca t ion R O - 1 - 1 2 4 0 
S k i m m e r Guide and Shie lding P lug R O - 1 - 1 2 4 1 
Sea l R ings R O - 1 - 1 2 4 2 
Sea l R e t a i n i n g F l a n g e R O - 1 - 1 2 4 3 
Ad jus t ab l e S k i m m e r P i p e R O - 1 - 1 2 4 4 
L e v e l Adjus t ing F l a n g e R O - 1 - 1 2 4 5 
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I n s t r u m e n t A i r S y s t e m R O - 1 - 1 2 4 6 - C 
Te le f lex Safety Rod Drive Mounting Plate R O - 1 - 1 2 4 7 - D 
Mounting B r a c k e t R O - 1 - 1 2 4 8 - B 
Modified Te le f l ex C o r p . Janus Safety Rods 

P u l l e y Box A s s e m b l y R O - I - I 2 4 9 - C 
Shaft R O - 1 - 1 2 5 0 - B 
Tie B a r \ R O - 1 - 1 2 5 1 - A 
Wheel Space r R O - 1 - 1 2 5 2 - A 
Bushing R O - 1 - 1 2 5 3 - A 
Bush ing R O - 1 - 1 2 5 4 - A 
Hous ing "A" - Equ iva l en t of Te le f lex Part #18506-34 R O - 1 - 1 2 5 5 - B 
Wheel - 120 T e e t h R O - I - 1 2 5 6 - B 
Hous ing S u b a s s e m b l y R O - 1 - 1 2 5 7 - B 
Cooling Coi l Loca t ion (Steel Shell) R O - 1 - 1 2 5 8 - D 
Modified J a n u s Safety Rod Dr ive R O - 1 - 1 2 5 9 - D 
Modified J a n u s Sa fe ty -Regu la t i ng D r i v e 

M e c h a n i s m A s s e m b l y R O - 1 - 1 2 6 0 - E 
E x h a u s t S y s t e m - J a n u s R O - 6 - 1 2 6 1 - C 
Spec ia l F l a n g e s for A i r Cyl inder R O - 1 - I 2 6 2 - B 
Lead B r i c k Wall - High Dose Side R O - 1 - 1 2 6 3 - C 
Lead B r i c k Wall - Low Dose Side R O - 1 - 1 2 6 4 - C 
Upper F i l t e r Seat , R O - 1 - 1 2 6 5 - A 
F i l t e r F l a n g e • . R O - 1 - 1 2 6 6 - B 
Lower F i l t e r Sea t R O - 1 - 1 2 6 7 - A 
F i l t e r - I n t e r m e d i a t e Cover R O - 1 - 1 2 6 8 - B 
F i l t e r - T o p Cover R O - 1 - 1 2 6 9 - B 
F i l t e r Body R O - 1 - 1 2 7 0 - B 
P u m p and Motor Gua rd R O - 1 - 1 2 7 1 - A 
H2O F i l t e r A s s e m b l y • • R O - 1 - 1 2 7 2 - C 
F i l t e r Out le t R O - 1 - 1 2 7 3 - B 
F i l t e r C o n n e c t i o n - R o d and Cap . R O - 1 - 1 2 7 4 - B 
S k i m m e r Coupl ing R O - 1 - 1 2 7 5 - B 
Modified C a m R O - 1 - 1 2 7 6 - A 
P r i m a r y Coolant S c h e m a t i c R O - 1 - 1 2 7 7 - B 
S e c o n d a r y Coolant S c h e m a t i c R O - 1 - 1 2 7 8 - B 
Cleanup S y s t e m S c h e m a t i c - J a n u s R O - 1 - 1 2 7 9 - B 
S k i m m e r S y s t e m - J a n u s R e a c t o r R O - 1 - 1 2 8 0 - B 
H e l i u m S y s t e m s - R e a c t o r and G r a p h i t e R O - 1 - 1 2 8 1 - B 
Simpl i f ied I n t e r l o c k D i a g r a m - J a n u s R O - 1 - 1 2 8 2 - D 1 
Simpl i f ied I n t e r l o c k D i a g r a m - J a n u s R O - 1 - 1 2 8 2 - D 2 
Buffer Shielding P lug I n s e r t R O - 1 - 1 2 8 3 - A 
Adjus tab le S k i m m e r - J a n u s R O - 1 - 1 2 8 4 - B 
pH R e s i n Co lumn - J a n u s R O - 1 - 1 2 8 5 - C 
Ion E x c h a n g e r A s s e m b l y ' R O - 1 - 1 2 8 6 - D 
Body R O - 1 - 1 2 8 7 - D 
F l a n g e R O - 1 - 1 2 8 8 - D 
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Screen Assembly 
Screen #1 
Screen Retainer #1 
Screen #Z 
S c r e e n R e t a i n e r #2 
Conduc t iv i ty Cel l 
J u g g e r n a u t H e l i u m Gasometer 
Stand Tank 
F l o a t i n g Tank 
Coun te r Weight 
Guide Tube 
Guide Cable 
B r a c k e t Switch 
Cooling T o w e r In s t a l l a t i on N e u t r o n 

I r r a d i a t i o n F a c i l i t y 
Cool ing T o w e r I n s t a l l a t i o n N e u t r o n 

I r r a d i a t i o n F a c i l i t y 
Guide P l a n - Bui ld ing 202 
Guide P l a n - Bui ld ing 202 
H o r i z o n t a l Sec t ion t h rough C o r e 
J a n u s R e a c t o r Tank A s s e m b l y 
Bui ld ing and E q u i p m e n t Layout 
C o n t r o l Rod D r i v e - J a n u s R e a c t o r 
C o n t r o l Rod D r i v e 
C o n t r o l Rod D r i v e 
C o n t r o l Rod D r i v e s - J a n u s R e a c t o r 
C o n t r o l Rod D r i v e 
C o n t r o l Rod D r i v e 
Wi r ing D i a g r a m - Safety and C o n t r o l 

Rod D r i v e s - J a n u s R e a c t o r 
B a r - S p a c e r , Condui t Quick D i s c o n n e c t 
Sh im - T a b u l a t e d 
Condui t - S t a i n l e s s S tee l Type 304 
Tube - Ant i T o r q u e 
S p a c e r - Ant i T o r q u e Tube 
C o r e - Cab le 
Connec to r - Ant i T o r q u e Tube 
T e r m i n a l - Cab le D i s c o n n e c t Type 
N a m e P l a t e 
R i v e t - Shoulder Spr ing R e t a i n e r 

Spr ing Loaded Box 
S c r e w - Set #10-32 
Cab le - S t r i p p e d One End, 321 SST 
T e r m i n a l - Quick D i s c o n n e c t Type 
Cable - 321 SST 

R O - 1 -
R O - 1 -
R O - 1 -
R O - 1 -
R O - 1 -
R O - 1 -
R E - 1 -
R E - 1 -
R E - 1 -
R E - 1 -
R E - 1 -
R E - 1 -
R E - 1 -

•C 
•B 
•B 
•B 
-B 

1289-
1290-
1291-
1292-
1293-
1294-C 
3 1 5 0 3 - E 
31504-D 
31505-
31506-
31507-
31500-A 
31509-A 

•C 
•B 
•C 

P E - 2 0 2 - 8 3 Sheet 1 of 2 

* 
P E - 2 0 2 - 8 3 Sheet 2 of 2 
P E - 2 0 2 - 3 3 Sheet 1 of 4 
P E - 2 0 2 - 3 3 Sheet 2 of 4 
No N u m b e r - D 
No N u m b e r - F 
No N u m b e r - F 
Te l e f l ex -18506 Sheet 1 of 7 
Te l e f l ex -18506 Sheet 2 of 7 
T e l e f l e x - 1 8 5 0 6 Sheet 3 of 7 
Te l e f l ex -18506 Sheet 4 of 7 
Te l e f l ex -18506 Sheet 5 of 7 
T e l e f l e x - 1 8 5 0 6 Sheet 6 of 7 

T e l e f l e x - 1 8 5 0 6 Sheet 7 of 7 
Te le f l ex -XD124A 
T e l e f l e x - 1 5 3 5 1 
Te l e f l ex -A6983 
Te l e f l ex -14856 
Te l e f l ex -14857 
Te le f l ex -A10835 
Te l e f l ex -14859 
T e l e f l e x - B 5 5 0 9 
Te le f l ex -18170 

Te l e f l ex -16026 
Te l e f l ex -A6996 
T e l e f l e x - 1 2 1 6 3 
Te le f l ex -A10319 
T e l e f l e x - 1 2 1 6 4 
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B. L i s t of B i l l s of M a t e r i a l s 

Numb e r 

RO-l-lOOO-E-1 

RO-l-lOOO-E-2 

RO-l-lOOO-E-3 

RO-1-1013 

RO-1-1033 

RO-1-1055 

RO-1-1072 

RO-1-1072 

RO-1-1075 

RO-1-1089 

RO-1-1101 

RO-1-1101 

RO-1-1128 

RO-1-1149 

RO-1-1159 

RO-1-1181 

RO-1-1188 

RO-1-1220 

RO-1-1259 

RO-1-1260 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M(CO 

B/M 

B/M 

B/M 

B/M(CO 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M 

B/M 

Ti t le P a g e 

P l a n View - Top of R e a c t o r 128 

E l e v a t i o n View E a s t - W e s t 129 

P l a n View th rough C o r e 130 

F u e l A s s e m b l y 131 

S o u r c e A s s e m b l y 132 

R e g u l a t i n g - S a f e t y Rod 

A s s e m b l y 133 

R e a c t o r Tank A s s e m b l y 134 

B / M (cont.) R e a c t o r Tank A s s e m b l y 135 

P n e u m a t i c Tube 
E x t e n s i o n and Hous ing 136 
Ou te r Shield P lug A s s e m b l y 
(Rabbi t F a c i l i t y ) 137 

D r i v e A s s e m b l y 
( C o n v e r t e r P l a t e s ) 138 

) D r i v e A s s e m b l y 
( C o n v e r t e r P l a t e s ) 139 

High and Low L e v e l 

Shu t t e r A s s e m b l y 140 

F l o o r Shield B locks 141 

H e l i u m (Blanket ) Gas S y s t e m 142 

P i p e S c r e e n and Hous ing 143 

P n e u m a t i c Cy l inde r D r i v e s 

(Neu t ron S h u t t e r s ) 144 

Rod D r i v e A s s e m b l y 145 

Modif ied Rod D r i v e 146 

Modif ied Rod D r i v e A s s e m b l y 147 

Te l e f l ex Co. M a t e r i a l for C o n t r o l Rod D r i v e - J a n u s (25 s h e e t s ) 
( A s s o c i a t e d wi th Drawing No. 18506 - 7 s h e e t s ) 
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Tube Extension & Seal Hous
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Outer Shield Plug Assembl-y 
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JSf" Janus Reactor 

MATERIAL 

DESCRIPTION 

See RO-1-1025-F B/M 

See R0-1-1041-E B/M 

See RO-1-1072-F B/M 

See RO-1-1075-D B/M 

See RO-1-1089-D B/M 

See RO-1-1095-D B/M 

See RO-1-1096-D B/M 

See RO-1-llOl-D B/M 

See R0-1-1117-C B/M 

See RO-1-1128-D B/M 

See R0-1-1131-D B/M 

See RO-1-1152-C B/M 

See RO-1-1260-E B/M 

See PE-202-76 

A N U - l t 7 (7-60) 
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Janus Reactor Tank Assembly 
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Shie ld ing Wall-High Level Side 
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JSE'^Janus Reactor 

DESCRIPTION 

See RO-1-1025-F B/M 

See RO-1-1041-E B/M 

See RO-1-1072-F B/M 

See RO-1-1095-D B/M 

See RO-1-1096-D B/M 

See RO-1-llOl-D B/M 

See R0-1-1117-C B/M 

See R0-1-1126-D B/M 

See RO-1-1127-D B/M 

See RO-1-1128-D B/M 
See RO-1-1129-D B/M 
See RO-1-1130-D B/M 

See R0-1-1131-D B/M 

See RO-1-1149-F B/M 

See R0-1-1171-D B/M 

See RO-1-1220-E B/M 

See RO-1-1221-E B/M 

See RO-1-1230-D B/M 

See PE-202-76 
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D E S C R I P T I O N 

See RO-1-1025-F B/M 

See RO-1-1075-D B/M 

See RO-1-1089-D B/M 

See RO-1-1095-D B/M 

See RO-1-1096-D B/M 

See R0-1-1126-D B/M 

See RO-1-1128-D B/M 

See R0-1-1130-D B/M 

See R0-1-1131-D B/M 

See RO-1-1152-C B/M 

See RO-1-1221-E B/M 
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Thimble Nose 
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Thimble Fuel Tube ** 

Thimble Tube ** 
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Cyl inder for Janus Fuel Rod 
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Spacer - Upper 

Thimble Extension 

Housing - Upper 

Upper Sect ion - Poison & 
Source Rod 

Too Shield Plug - Fuel Rod 

Fuel Tube (2) Sub Assembly## 

Interchange as per 
e n g i n e e r ' s i n s t r u c t i o n s 

In terchange with R0-1-1014-C 
as per i n s t r u c t i o n s 

"S^SEER McCork le 

R E O . P E R U N I T 

1 

Q 

•}, 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

L 

L 

L 

J -

1 

* 

1 

1 

JSE ' " Janus Reactor 

D E S C R I P T I O N 
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See Drw'g 

See Drw'g 

2s Alum, 
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Beryllium 

See Drw'g 

See Drw'g 

See Drw'g 

1100 Alum. A 

2s Alum. A 

2s Alum. A 
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See Drw'g 
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Extension Rod 1 
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Tube 
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Retent ion Spring 1 

:'ii'" Janus Reactor 

" " ' ^ DESCRIPTION 

SST 

SST 

304 SST 

304 SST 

1100 Alum. & See Drw'p 

Antimony 

5052 or 6063 Alum. 

2 S Alum. & See Drw'g 

Beryllium - See Drw'g 

SST Wire 
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D E S C R I P T I O N 

See Drawing 

1100 Alum. 

See Drawing 

1100 Alum. 

See Drawing 
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DESCRIPTION 
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Janus Reactor Tank 
Assembly - Continued 

Reactor Tank - Janus 
Plenum Chamber - Janus 
Top Shield Plug - Janus 
Stud 
Flange - Gas Outlet 
Locking Shoe Sealing Ring 
Sealing Ring 
Rotating Plug - Janus 
Gasket - Rotating Plug 
Grid Plate - Janus 
Locking Shoe - Center Plug 
Center Plug - Primary 
Locking Shoe - Oblong Plug 
Shielding Plug - Detail 
Fuel Ass'y 
Water in/out Pipe Sub-assembl-y 
Tube Extension and Seal housir 
Sub-assembly 

Flange - Gas Inlet 
Shield Plug 
Instrument Hole Plug 
Instrument Thimble 
Janus Core Buffer 
Flange-Core Buffer Gas Lines 
Shielding Plug 
Track Rotating Plug Rollers 
Roller Assembly 
Top Shield Plug-Cooling Coil 
Graphite Compartment 
Large ("0" Ring Groove) 
Shielding Guide and Hold-Down 
Plug 
Detail Shielding Plug 

"0" Ring Groove 
Small Shielding and 
Hold-Down Plug 
Large Shielding and Hold-Down 
Plug 

l^oinil, McCorkle 
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DESCRIPTION 

See Drawing 
See Drawing 
See Drawing 
SST 
SST 
SST 
SST 
See Drawing 
Hypalon 
1100 Alum. 
SST 
See Drawing 
SST 
See Drawing 
See Drawing 
See Drawing 
See Drawing 

SST 
See Drawing 
See Drawing 
Alum. 
See Drawing 
See Drawing 
See Drawing 
SST 
See Drawing 
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Alum, 
See Drawing 

See Drawing 

See Drawing 

See Drawing 
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R0-1 -1081-C 

RO-1-1082-B 

RO-1-1085-A 

RO-1-1086-C 

RO-1-1087-C 

RO-1-1088-C 

APPROVED e u c . T 1 ixe 1 PROJECT . . - , 1 PROJECT _ . . 

„ SHEET I Of X ENGINEER M c C o r k l e NAHc J a t t u s R e a c t o r 

PART NAME REO. PER 

T u b e E x t e n s i o n a n d S e a l 

H o u s i n g S u b - A s s e m b l y 

L i n e a r " 0 " R i n g 2 . 3 6 2 ID x 2 

2 . 5 6 8 OD X . 1 0 3 TK 

3 / 8 - 1 6 UMC x 1 " L g . H e x . 4 

S o c k e t H d , C a p S c r e w 

7 / 8 - 9 UNC x 1 - 3 / 4 L g . H e x . Hd 8 
S e m i - f i n i s h e d B o l t 

i ^ a s h e r 7 / 8 - p l a i n 8 

1 / 4 - 2 0 UNC X 1 - 1 / 4 L g . H e x , 8 

S o c k e t H d , C a p S c r e w 

F l p v l t ^ l l i r Hflskpt- .qt-ylp n 1 
1 0 - 1 3 / 1 6 ID 1 2 - 1 / 2 OD . 1 7 5 T K 

1 / 2 - 1 3 UNC X 1 - 3 / 8 L g . H e x 4 

H d . S e m i - f i n i s h e d S c r e w 

1 / 2 " W a s h e r P l a i n 4 

P n e u m a t i c E x t e n s i o n T u b e 1 

S e a l C o m p r e s s i o n R i n g 1 

S e a l H o u s i n g 1 

S e a l H o u s i n g C o u p l i n g s & P l a t e 1 

S e a l R i n g s 2 

P n e u m a t i c S a m p l e T u b e 1 

L i n e r f o r P n e u m a t i c E x t e n s i o n 1 

T u b e H o u s i n g 

S h i e l d i n g f o r P n e u m a t i c 4 

E x t e n s i o n T u b e H n i i s i n g 

B MATERIAL 
" " ' ^ 1 DESCRIPTION 

N e o p r e n e 

.S.<;T 

SST 

SST 

SST 

SST & T e f l o n F i l l e r 

5ST 

1ST 

\ l i i m . 

5ST 

>ST 

;sT 

: e f l o n 

A l u m . 

S e e D r a w i n g 

S e e D r a w i n g 

file:///liim
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CLASS 1 
MAMU- u 1 

PURCHASED p 11 
SPECIAL SPEC. "̂  1 

C O I M . RAW " [ 

PURCHASED A 1 
A R G O N N E F I N I S H ^ l 

: UJ 

1 •" < 
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UJ 
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5 
Z o 

in 

< 
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UJ 

5 
5 

tf) 

UJ 

< a 

U) u 
z < z o 

<0 

n A 1 1 A O n n /v/ / . - ... - . . . . s 
A K B U K K C K A I I U N A L L A B O X A T O R T K . U - J . - J . u o : > D / l u I, B 1 L L O f N A I t R I A L y 

'£"""' J . Moudry r"°™ 

? 

1 

2 

3 

4 

3 

6 

7 

8 

9 

1( 

1 

PART 
NUMBER 

RO-1-1089D 

RO-1-1090D 
RO-1-1091B 
RO-1-1092C 
RO-1-1093C 
RO-1-1094D 

SHEET 1 OF X 

P A R T N A M E 

Outer s h i e l d plug assembly 
r a b b i t f a c i l i t y 

Sample tube l i n e r & housing 
Sample tube flange i o i n t 
Source tube s h i e l d plug l i n e r 
Source tube s h i e l d plug 
Outer s h i e l d plug 

1%" NFS 150 l b . s l i p - o n flange 
tube tu rn or equ iva len t 

k-l3 NC x 2" long s t d . hex . 
head b o l t and washer 

F l e x i t a l l i c gasket CG-IF 
2" ID X 2 -3 /4" OD 

F l e x i t a l l i c gasket CG-IT 
14 i" ID X 16" OD 

1-8 NC X 2 -3 /4" long s t d . hex . 
head b o l t and washer 

5/8-11 NC X 1-3/4" long s o c . 
hex . b o l t and washer 

"0" r i ng -L inea r #11-224 
1-3/4 X 2" OD 
F l e x i t a l l i c gasket CG-IF 

2" ID X 2 -3 /4" OD 
F l e x i t a l l i c gasket CG-IO 

8-7/8 ID X 10-3/8 OD 
"0" r i n g Linear #11-229 

2-3/8 ID X 2-5/8 OD 
5/8-11 NC X 1-3/4 long Hex. 

head b o l t and washer 

J:2;SE'JR McCorkle 

REO. PER UNIT | 

1 

L 

1 
1 
1 
1 
1 

1 

4 

1 

1 

8 

4 

1 

1 

1 

2 

8 

— 

J S E ' " Janus Reactor 

DESCRIPTION 

See Drawing 
See Drawing 
See Drawing 
See Drawing 
See Drawing 

SST 

SST 

SST with Teflon i n s e r t 

SST with Teflon i n s e r t 

SST 

SST 

Neoprene 

SST with Teflon i n s e r t 

SST with Teflon i n s e r t 

Neoprene 

SST 

1 



CLASS 1 
MANU- u 
FACTURED " 
PURCHASED p 
SPECIAL SPEC. ^ 

COM*, RAW " 

PURCHASED . 
ARGONNE FINISH '^ 

UJ 
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A K U U K K C K A I I U K A L L A B U K A I U K T K U - i - J . J L U i B / M (^B 1 L L U p N A I t R I A L ) 

:r""R. Smith 
3 

1 

2 

3 

4 

5 

6 

7 
8 
9 

IC 

11 

12 
I j 

14 
15 

16 
17 
18 

19 

20 

?1 

22 
?3 

' 4 

PART 

NUMBER 

R O - l - U O l - D 

R 0 - 1 - 1 1 0 4 - B 

RO-1-1106-C 
R0-1 -1107-C 

APPROVED 
BY SHEET 1 or 2 

P A R T N A M E 

C o n v e r t e r P l a t e s D r i v e Assemb. 

J a n e t t e E l e c . Motor-% Hp . 800 
1 g e a r r a t i o . Model R-13 
P o l y p h a s e , Frame P S , F o o t -
M o u n t i n g - F i g . 5 1 8 1 , 
P o s i t i o n 123 

J a n e t t e E l e c . Motor-% H p . 8 0 0 -
1 g e a r r a t i o . Model R - 1 3 , 
P o l y p h a s e . Frame P S . F o o t -
M o u n t i n g - F i g . 5181 
P o s i t i o n 126A 

H i l l a r d S l i p C o u p l i n g . S i z e 8 
Doub le P I . Type 3 2 2 , Bores 
o f Ik D i a . 

Dodge SC B a l l B e a r i n g P i l l o w 
B l o c k ( f o r a Ik D i a . S h a f t ) 
Non E x p a n s i o n Type 

G r a p h i t e Bronze Bush ing P i l l o \ 
B lock Amer i can S t o c k Gear Cc 

#KR5 ( f o r Ik D i a . S h a f t ) 
H a r d e n e d S t e e l M i t e r Gear 

R a t i o . B o s t o n Gear C a t . # 
HLK107Y 

3 / 8 X 3 / 8 x 2 - 7 / 1 6 L g . Key 
3 / 8 X 3 / 8 X 1-1 /2 Lg . Key 
3/8-161INC X 1 -1 /8 L g . F . Hd. 

M . S . 
5 / 8 - 1 1 UNC X 5 / 8 L g . F u l l Dog 

S e t Screw 

1/2-13UNC X l i : L g . Hex . Hd. 
B o l t 

%-13UNC X Ik L g . H e x . Hd, Bolt 

%-13UNC X 2k L a . H e x . Hd. Boll 
i;-13UNC Hex . Hd. Nut 
i;-13UNC X 5 / 8 Hex . Hd. B o l t 

^-20UNC X 1 " Cg. R. Hd. M.S . 
i-20UNC H e x . Nut 
^-20UNC X Ik L g . R. Hd. M.S . 

C o n v e r t e r P l a t e s D r i v e S h a f t s 

T r u a r c R e t a i n i n g Ring C a t . 
# 5 1 0 0 - 1 0 0 E x t e r n a l 

''^m^am^^ii^§.^kY^ ^ '̂• 
1 " ID X 2 " OD X .187 

T h ' k Washer 
k X k K 3/8 L g . Key 
B o s t o n Gear C a t . #GD-27 

C o n v e r t e r P l a t e s L i n e S h a f t s 
C o n v e r t e r P l a t e s Wire Rope 

Drums 
S t ' d . Bot tom Swage F i t t i n g fo 

k" D i a , Wire Rope 

l^if^L McCorkle 

REQ. PER UNIT 1 

1 
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• 

* 
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4 

n 
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Pr 

4 
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3? 
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2 
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J 2 i " ' J a n u s R e a c t o r 

DESCRIPTION 

S t ' d 

S t ' d 

s t ' d 

s t ' d 

S t ' d 

S t ' d ( P u r . R e q . # 5 7 1 4 6 8 ) 

SST 
SST 
SST 

SST 

SST 

SST a s R e q ' d 

SST 
SST 
SST 

SST 
SST 
SST 

SAE 3135 S t . 
S t ' d 

S t ' d 
S t e e l 

SST 
S t ' d 

SAE 3135 S t . 
SST 

SST 



1 CLASS 
MANU- u 

._ 
A K B U K H C K A I I Q K A L L A B O K A I O K T K U - i - L i U i B / M C O n t . ( ^ B I L L Op N A 1 t K 1 A L ) 

PURCHASED p PREPARED _ - . , 
SPECIAL SPEC. p p . , R . S m i t h 

COtM. RAW " 
PURCHASED , 

lARGONNE FINISH * 

u 
t-< 
a 

u 
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5 
Z 
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25 

26 

27 

28 

29 

30 

31 

32 

PART 
NUMBER 

RO-1-1105-B 

; i 0 - l - 1 1 0 8 - C 

RO-1-1102-B 

^ 0 - 1 - 1 1 2 2 - B 

: i 0 - l - 1121 -D 

i O - l - 1 1 0 3 - C 

RO-1-1125-B 

APPROVED 
[BY SHEET 2 °^ 2 

P A H T N A M E 

C o n v e r t e r P l a t e s Wire Rope 
Drum F a c e P l a t e s 

P i l l o w Block S u p p o r t s 

C o n v e r t e r P l a t e s D r i v e Motor 
M t ' g . B r k ' t . 

C a b l e Drum P i l l o w Block 
S u p p o r t s 

C o n v e r t e r P l a t e s Wire Rope 
Drum Cover 

C o n v e r t e r P l a t e s D r i v e S t o p s 

Spur G e a r - B o s t o n Gear #GD84 

O i l i t e B e a r i n g - C a t . y;'AA-104: 

O i l i t e B e a r i n g - # A A - 1 7 0 4 - 2 0 
T r u a r c R e t a i n i n g Ring 

# 5 1 0 0 - 7 5 ( E x t e r n a l ) 

Mic ro S w i t c h (Honeywel l Reg . 
C o . ) #DTF 

T h r u s t Washer-11; ID x Zk OD 
X 3 /16 T h ' k 

S p a c e r 1 / 1 6 " T h ' k 
1 / 8 " D i a . X 1 ^ " L g . C o t t e r P i n 

PROJECT , , - , , 
ENciNEER M c C o r k l e 

REO. PER UNIT 
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4 
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PROJECT - _. 

NAME J a n u s R e a c t o r 

DESCRIPTION 

S t . 

S t . See Drawing 

S t . 

B S t . 

S t . 

Noted 

S t ' d 

S t ' d 
S t ' d . 
S t e e l 

S t ' d 

O i l - I m p r e g n a t e d Rrnnze 

O i 1 - I m p r e g n a t e d Bronze 
S t . 

y 
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CLASS 1 

***""* M R 
PURCHASED p ll 
SPECIAL SPEC. ^ y 

C O M . RAW " n 

[PURCHASED . y 
[ARGONNE F I N I S H " (t 

UJ 
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< 
1 3 : 
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Ul 
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1 ^ z 1 < 1 ^ 1 " 

. . . . . .\ 
A H U V K K L K A I I U K A L L A B O K A I O K T K . U - J . - J . L i O D / r i V » 1 L L Q P N A 1 t K 1 A L ; 

PREPARED . . / . ! „ „ „ 

BY H . C e r n 

-

1 
1 

?. 

3 

4 

1 

PART T 

NUMBER 

R O - 1 - 1 1 2 8 - D | 

RO-1-1136-A 
RO-1-1026-D 

RO-1-1029-D 

RO-1-1030-D 

RO-1-1031-D 

RO-1-1132-C 

RO-1-1133-C 

RO-1-1048-B 
RO-1-1049-B 
RO-1-1146-B 

APPROVED 
BY * " ' " |'E:S;«E% McCorkle 

P A R T N A M E R E O . P E R 

Janus - High and Low Level * 
Shu t te r Assembly 1 i 

Hex. Hd. Bolt - 3 /4" - 10 UNC ,8 
X 9" long 

Hex. Hd. Bolt - 3 /4" - 10 UNC1 8 | 
X 8" long 

Hex. Hd. Bolt - 3 /4" - 10 UNC 16 
X 5 1/2" long 

Cot, Pin-3/16D x 2 1/2 Lg. 1 l̂  1 1 
Washer 02 
Center Sec t ion - 20" Thick 1 

Shut te r 
End Sect ion - 20" Thick i IFH 

S h u t t e r IITIH 1 
Center Sect ion - 10" Thick ll 1 1 

Shu t te r 
End Sect ion - 10" Thick 1 IEIH 1 

Shut te r I l k 
Guide - 20" Thick 1 l l lh 

End Sec t ion Shu t te r IHH 
Guide - 10" Thick IHH 

End Sect ion Shu t te r 1 l l lk | 
C lev i s -20" Th'k Shut te r 1 M 1 
Clev i s -10" Th'k Shu t te r M 
Pin & Washer-Shutter Ass 'v M 

1 1 1 1 

IUSE'" Janus Reactor 

" ^ DESCRIPTION 

See drawing 

304 SST 

304 SST 

304 SST 

SST 
304 SST 

1 1 1 See drawing 

1 1 See drawing 

1 1 1 See drawing 

See drawing 

1 1 i See drawing 

See drawing 

Mild S t ' l 
Mild S t ' l 
See drawing 

1 
1 
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1 CLASS 1 
MANU' u 
FACTURED " 
PURCHASED B 
SPECIAL SPEC. '^ 1 

COMI. RAW 

PURCHASED . 
lARGONNE FINISH 

UI 

< 
1 ° 

UJ 

u 
5 
S 

tf) 
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Ul 

o 
z u 

1 "* 

UJ 

1 < 
1 '^ 

1 ^ < 
Z 
u 

1 tf) 

A K U U K K t K A I I U K A L L A B O K A I O K T K O - i - i i ' t y B / M ( B I L L U (• H * r L X 1 A L ) 

PREPARED - ,^ ,. . . t , 

BY R, S m i t h 

B\ 

1 

2 

3 

P A R T 

NUMBER 

R0-l-1149-l | 

R0-1-1165-C 

R0-1-1175-D 

APPROVED 
|BY SHEET X ^^ 1 

P A R T N A M E 

Floor Shield Blocks 

Air Cyl , - See Purchase Order 
#336226 

3/4"-10 UNC X 3 " Lg, Hex, Hd 
Bolt 

l " -8 UNC X 3" Lg. Hex. Hd. 
Bolt 

S p l i t Ring for Air Cyl . 
Flange 

Floor Shield B l ' k s . D e t a i l s 

l^oilil, McCorkle 

R E O . P E R U N I T 

vl 

6 

W 

?̂  
r 

L2 

1 

, : L— 

SSI^'^Janus Reactor 

DESCRIPTION 

See drawing 

See purchase order 

S t . 

S t . 

S t , 

1 See drawing 

B 
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CLASS 1 
MANU- u I 

PURCHASED p 1 
SPECIAL SPEC, "̂  1 

COIM. RAW " 1 
PURCHASED . 1 
ARGONNE FINISH '^ I 

Ul 
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1-< a 
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z < z u 
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A K B U K K C K A I I U K A L L A B U K A I U K T R O - 1 - 1 1 5 9 B / M / B I L L UP H A I t K I A L S 

PREPARED , , , , _ APPROVED 

BY J , M o u d r y BY 

^ 
H 

] 

2 

3 
4 

5 

1 

1 

2 

1 

2 

P A R T 

NUMBER 

RO-1-1159-I 

RO-1-1160-C 

R0-1-1161-A 

RO-1-1162-D 

R0-1-1161-A 
RO-1-1163-C 

RO-1-1164-B 

SHEET 1 OF 1 

P A R T N A M E 

Helium Gas Ca ta ly s t Chamber 
Gasket - 4 1/8 ID x 5 1/4 OD 
S ty le "D" without Center ing G 
F l e x i t a l l i c #D-1K 
Hex. Hd. Bo l t -1 /2 -13 x 2" 
Hex. Nut 1/2-13 
Washer - 1/2 P l a i n 
Screen-4 11/16 d i a . x 1/16 tW 

with 1/16 d i a . ho les -Har r in j 
King or Equiv. 

Shel l - I n l e t 
F l a n g e - 1 " -150# Welding Neck 
Thermocouple Well 

S h e l l - O u t l e t 
Flange -1"-150# Welding Neck 
Union- 1/2" Socket Type 

Thermocouple Well 
Ca t a ly s t Chamber 
Screen 1 1/2" Nominal Dia . x 
1/16 t h i c k wi th 1/16" Dia holt 
Harr ington-King or Equal 
Screen-Cyl indica l -nominal 
Dia . 1 1/2" X 5 3/16 Long Mat 
Thickness 1/16" with 1/16" Di; 
Holes Harr ington-King or Equi\ 

Drain D e t a i l 

Note: S t a i n l e s s S t ee l may be 
#304, #316, #321 or #347 
un less o therwise s p e c i f i 

ENGINEER M c C o r k l e 

REO. PER UNIT 
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s 
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1 
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1 
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* 
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1 

1 
* 
1 

1 

PROJECT _ « 

NAME J a n u s R e a c t o r 

DESCRIPTION 

S t . S t l . & Teflon 

S t l . 
S t l . 
S t l . 
S t . S t l . Mfg. S td . 

S t . S t l . 
S t . S t l . 
#304 S t . S t l . 

S t . S t l . 
S t . S t l . 
S t , S t l . 

#304 S t , S t l . 
S t . S t l . 
S t . S t l . Mfg. S td . 

S t , S t l . Mfg. S td . 

SST 
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CLASS 1 
MANU- A. 1 
FACTURED ^ [ 
PURCHASED p 
SPECIAL SPEC. '^ 1 

COMM. RAW " J 

PUBCHASCO - 1 
ARGONNE F I N I S H '^ | 

Ul 
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O 

UJ 
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z 
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A K B U K K C K A I I U K A L L A B O R A T O R Y K O - i - i t O i B / M 1,B 1 L L OP N A I t R I A L ; 

PREPARED n 0 „ , - t l , 
BY R . S m i t h 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

;o 
11 
12 
13 

14 
L5 
16 

17 

PART 
NUMBER 

RO-1-1182-C 

R0-1-1181-C 

APPROVED 
BY SHEET 1 OF X 

P A R T N A M E 

5" Pipe Screen Assembly 

Eccen t r i c Reducer - Nnm Pipe 
5" X 3" ( S t ' d . Weight) 

Nom. 3" Pipe (150#) 
S l ip on Flange 

Nom. 5" Pipe (150#) 
S l ip on Flange 

Nom. 1/8" Sol id Pipe Plug 
5-13/16" Tn X 7" nn Flpv^^al l• 

S ty le D Gasket 
3 -3 /4" ID X 4 - 3 / 4 " OD 

F l e x i t a l l i c S ty le D Gasket 
3 " ID X 3-1 /2" S ty le 920 

(Type J) Goetze Gasket 
3 -1 /4" TD X 5 -1 /4" on X 

1/8" Th'k Ring 
5/8-llUNC X 3-3/4 Lg. Hex. 

Hd. Bolt 
5 / 8 " P l a i n Washer 
5/8"-llUNC Hex. Nut 
5 / 8 " S p l i t Lock Washer 
3/4"-10UNC X 4" Lg. Hex. 

Hd. Bolt 
3 /4" P l a i n Washer 
3/4"-10UNC Hex. Nut 
3 /4" S p l i t Lock Washer 

Screen & Housing 
Nom. 5" Pipe (150#) S l ip 

on Flange 

PROJECT , , - , , 
ENoiMEER M c C o r k l e 

PROJECT 

"*•£ Janus Reactor 
REQ. PER UNIT | 

* 

-> 

1 

1 

1 
1 

1 

1 

1 

4 

4 
4 
4 
8 

8 
8 
8 

1 

1 

j 
DESCRIPTION 

S.ST 

S.'̂ T 

SST 

SST 
C:t;T T.Ti hVi r a m H i o n -

AsbestoB F i l l e r 
SST with Canadian-
Asbestos F i l l e r 

Alum with Asbestos 
Mil lboard F i l l e r 

Aluminum 

SST 

SST 
SST 
SST 
SST 

SST 
SST 
SST 

Noted 
SST 
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1 aAss 1 
lUAMU- u 1 

FACTURED I-
PURCHASED p 
SPECIAL SPEC. '̂  1 

COtM. RAW " 1 

PURCHASED . 1 
1 ARGONNE FINISH '^ I 

< 

o 
\ < \ 
5 

[ tf) 1 J 

\ *- \ \ < \ 
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1 w 1 
1 (9 

1 3E 
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1 tf) 

. A K O U K K t : K A I I U K A L L A B U K A I U K T R U - J . - J . J . O O D / l X l (_ B 1 L L U P M A 1 t K 1 A L^ 

: r " " R . Smith 

-

J 
2 
3 
4 

5 
6 

7 
8 

9 

LO 

.1 

L2 

12 
14 

J— 

1 L 

P A R T 

NUMBER 

R O - 1 - 1 1 8 8 - D [ 

APPROVED 
BY 

SHEET 1 OF 1 

P A R T N A M E 

A i r C y l ' s P i p i n g D e t a i l 

1 - 1 / 4 Nom. s i z e t v p e - K t u b i n g 
1 - 1 / 4 S c h . 40 P i p e 
1 -1 /2 S c h . 40 X 1 - 1 / 4 L g , p i p J 
1 - 1 / 4 P i p e N i p p l e 

1 - 1 / 4 P i p e C o u p l i n g 
1 - 1 / 2 " X 1 - 1 / 4 " S t ' d Cnnrpni-r 

P i p e Reduce r 
1 - 1 / 2 " 90° S t r e e t Elbow 
1 - 1 / 4 X 1-1 /2 ( M . S . P . S . ) Male 

A d a p t e r Copper t o M . S . P . S . 
1 - 1 / 4 Nom. S i z e 90"" Elbow 

Copper t o F . S . P . S . 

90'^Elbow ( C l o s e - R u f f ) 
Copper t o Copper 

90"Union Elbow ( F . S . P . S . E . 1 1 
t o Copper T a i l p i e c e ) 

Union Copper t o Copper 
45 Elbow Copper t o Copper 
1 2 " D i a . A i r C y l ' s . 

litfntU McCorkle 

R E O . P E R U N I T 
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I S t ' ^ J a n u s R e a c t o r 

DESCRIPTION 

Copper 
SST 
SST 
SST 

SST 
.c;sT 

SST 
Copper o r B r a s s 

Copper o r B r a s s 

Copper 

Copper o r B r a s s 

Copper 
|As I n s t r u c t e d 
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1 CLASS 1 
MAMU- u 1 

1 PURCHASED p 1 
ISPECIAL SPEC. '^ R 

iCOtM. RAW '^ I 

PURCHASED A b 
ARGONNE FINISH ^ I 

1 • -: < a 
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UJ 
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PREPARED,, . 

BY H . C e r n 

-

1 

2 
3 

4 
5 

6 
7 

P A R T 

NUMBER 

R O - 1 - 1 2 2 0 - E I 

R0-1 -1218-C 

RO-1-1219-C 

A P P R O V E D 
| B Y SHEET X **' 1 

P A R T N A M E 

Rod D r i v e Assembly 

Hex Hd. B o l t - 1/2 - 13UNC x 

1 -1 /2 
1/2 - P l a i n Washer 
3 / 8 D i a . X 1 - 1 / 4 L g . 

Dowel P i n 
Hex . Nut - 3 / 8 - 1 6 UNC 
Hex . Hd. B o l t 3 / 8 - 1 6 UNC x 

1 - 3 / 4 L g . 
3 / 8 - P l a i n Wa.sher 
T e l e f l e x I n c . - C o n t r o l Rod 

D r i v e U n i t - Mfg. Drawing 
No. 18506 

P u l l e y H o u s i n g 

Moun t ing B r a c k e t 

Motor D r i v e - Moun t ing Bracke 

E«;«ER McCorkle 

R E G . PER U N I T | 

1 i< 
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1 

1 

; ! S E ' " J a n u s R e a c t o r 

DESCRIPTION 

J i b SST 

304 SST 
304 SST 

304 SST 
316 SST 

304 SST 
M f g . S t ' d 

( P . O . No. 309495) 

6061 Alum. 

See d r a w i n g 

1 1 
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CLASS 
MANU. u 

PURCHASED p 
SPECIAL SPEC. '̂  

COIM. PAV " 

PURCHASED A 
ARGONNE FINISH 
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1 

2 

^ 

4 

5 

6 

7 

8 
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LO 

1 ] 

12 

1-̂  

14 

1 S 
16 

17 

L 

PART 
NUMBER 

RO-1-1259-D 

A 

1 

APfROVED 
BY »""' 1 " I |E»"s;;fj.A. 

P A R T N A M E REO. PER 

Modified Janus Safety Rod 2 * 
Drive 

Gear Motor - J a n e t t e E l e c t r i c ^ 2 
Mfg. Co. type C-12 120V AC, j 
s i n g l e phase .87 RPM output 1 
195 l b . in t o r q u e , 1/125 Hp 
c e n t , duty r e v e r s i b l e , en
c l o s e d . Current r a t i n g = ,̂ [5 
amps. Shaft to be toward 
r i g h t facing gear box - 1 
foot mounted. 

Clutch Coupling - Warner 2 
E l e c t r i c Brake& Clutch Co. 
B e l o i t . Wis. Clutch couplins 
b a l l bea r ing mounted #SF160 
Rotor hub bore 1/2" Dia . 
Arm hub bore 1/2". 

Drive Box Assembly - 18506 - 2 
Te le f l ex I n c . North Wales ,P j . 

Mech-Stop Assembly - Te le f l ex 2 
I n c . , North Wales, Pa. 

Gear - At las P r e c i s i o n Product 2 
Co. , P h i l a d e l p h i a , Pa . 
48P - 24T - 20'^P.A. - 500PD. 
Cat . #CG 4747-24. 

Gear - At las P r e c i s i o n Co. j2 
P h i l a d e l p h i a , P a . 48P - 72T -
20°P.A. 1.500 PD. 
Cat . #CG 4727-72. 

Shaft Hanger - Beckman Hel ipot 4 
Corp. Newport Beach, Ca l i f . 

Shaft Co l la r - Beckman Cat . 4 
#BP-211-E or e q u i v a l e n t . 

S h a f t - Rpnktnan Cat. # i 
BP-125-148 or equ iva len t 

Limit Stop - Beckman ad jus t ab le 12 
cam assembly - Ca t . No. 
BP-537-2 or equ iva len t 

Micro Switch - Micro Switch | 12 
Cat . #DT-2RV23-A7 (DPDT) 

Shaft Coupling - 1/4 Dia . x 3/4 4 
Aluminum Angle - as ner 16 
T p l p f l p x Dw'g # lRSn6-S l 
Poten t iometer - C l a r o s t a t 4 

Type 42JA - 1000 ohm 
Rprppt-ar.lP-#<57310?A-?8-?lP49C 2 
Plug - Amphpnol - AN-3106 2 

A28-21P W/AN3057-16 Cable 
Connector 

Angle - As per Te le f l ex Drawing 8 
1 Number 18506-80 , 

Pie rce 'HIS^^" Janus Reactor 

DESCRIPTION 

See Drawing 

i 
., 

Mfg. S t ' d , 
j (P.O. No. 596241) 

Mfg. S t ' d . 

Mfa. S t ' d 

Mfg. S t ' d . 

Mfg. S t ' d . 

Mfg. S t ' d . 

Mfg. S t ' d 

Mfg. S t ' d 

Mfg. S t ' d . 

Mfg. S t ' d . See Drawing 
R0-1-1276-A 

Mfg. S t ' d . 

Boston Gear or equ iv . 
6061 T6 Alum. 

1 |MfE- S t ' d 
Mfg. S t ' d 

6061T6 Alum. 
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NLMBER 

RO-1-1260-E 

RO-1-1259-C 

RO-1-1249-D 

R0-1-1218-C 

RO-1-1219-C 

SHEET 1_ or ]_ 

P A R T N A M E 

Modified Janus s a f e t y -
r e g u l a t i n g d r ive mechanism 
assembly 

Modified Janus sa fe ty rod 
d r ive 

Modified Te l e f l ex Corp . , Janus 
sa fe ty rod pu l l ey box 
assembly 

Pu l l ey housing mounting bracke 

Motor Drive Mounting bracke t 

Cap screw 5 / 8 " 
Washer 
3 /8" Dia . x 1" Dowel pin 

Janus r e g . rod dr ive 
See Te le f l ex Dwg. #18506, 
Sheet 1 and 18506 B/M 

i:iiitU. P i e r c e 

REO. PER UNIT 

1 

h 

* 

2 

2 

2 

4 
4 
2 

1 

J^E'^Sanus Reactor 

DESCRIPTION 

See Drawing 

See Drawing 

See Drawing 

See Drawing 

See Drawing 

ST. 
ST. 
ST. 
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C. M a i n t e n a n c e and O p e r a t i n g I n s t r u c t i o n s 

1. I n s t r u m e n t a t i o n 

a. N u c l e a r I n s t r u m e n t a t i o n 

( l ) R J C - 9 N i c k e l - C a d m i u m B a t t e r y 
( C a r e and Ma in t enance ) 

The R J C - 9 n i c k e l - c a d m i u m b a t t e r y is a 5 -ce l l , 7.2 v 
b a t t e r y . The e l e c t r o l y t e is KOH (pur i f ied c a u s t i c po tash ) d i s s o l v e d in d i s 
t i l l ed w a t e r , g iving a spec i f ic g r a v i t y b e t w e e n 1.180 to 1.220 at 72°F or 
22°C. The d i s c h a r g e gas con ta ins e n t r a p p e d p o t a s s i u m hydrox ide which 
c o m b i n e s wi th c a r b o n dioxide in the a i r to f o r m p o t a s s i u m c a r b o n a t e which 
is a n o n c o r r o s i v e , i n e r t whi te powder . It is e l e c t r i c a l l y conduct ive when 
d a m p ; t h e r e f o r e , if a l lowed to bui ld up a s a depos i t b e t w e e n t e r m i n a l s , it 
could c a u s e c u r r e n t l e a k a g e and p o s s i b l e d i s c h a r g e of the b a t t e r y . T h e r e 
fo re , any a c c u m u l a t i o n should be r e m o v e d with b r u s h or d a m p cloth. 

The c e l l vent c a p s should be kept c lo sed at a l l t i m e s 
excep t when adding w a t e r or check ing the e l e c t r o l y t e , and th i s should 
a l w a y s be done a s qu ick ly a s p o s s i b l e , opening only one ven t cap at a t i m e . 

Dur ing c h a r g e or d i s c h a r g e of a n i cke l - cad r r i i um 
b a t t e r y , t h e r e is p r a c t i c a l l y no change in spec i f ic g r a v i t y of the e l e c t r o 
ly te . The so le function of the e l e c t r o l y t e is to a c t a s a conduc to r for the 
t r a n s f e r of h y d r o x i d e ions f r o m one e l e c t r o d e to the o the r , depending on 
w h e t h e r the c e l l is be ing c h a r g e d or d i s c h a r g e d . 

D i s t i l l e d w a t e r should be added to within-|- to 1 in. 
above p la t e t o p s . The e l e c t r o l y t e t e s t tube should be u sed to m e a s u r e 
l eve l . After d i s t i l l e d w a t e r i s t ho rough ly m i x e d wi th e l e c t r o l y t e , note 
spec i f i c g r a v i t y of c e l l s . It should r e a d b e t w e e n 1.180 to 1.220 a t 72°F 
or 22°C. 

N i c k e l - c a d m i u m b a t t e r i e s u s e v e r y l i t t le w a t e r when 
they a r e on float or t r i c k l e c h a r g e at a vo l t age equa l to 1.44 t i m e s the 
n u m b e r of c e l l s . 

Ce l l s should n e v e r be over f i l l ed ; the e l e c t r o l y t e w i l l 
be fo rced out of the v e n t s on c h a r g e and s a t u r a t e the t r a y s , c aus ing e l e c 
t r o l y s i s b e t w e e n c e l l s and caus ing t r o u b l e s o m e g rounds in the e l e c t r i c a l 
c i r c u i t . It wi l l d i lu te the e l e c t r o l y t e to such an extent that the spec i f ic 
g r a v i t y wi l l b e c o m e too low and d a m a g e the p l a t e s . 

Do not u s e w a t e r tha t is o r d i n a r i l y added to lead 
s torage bat ter ie s for n i c k e l - c a d m i u m b a t t e r i e s . It g e n e r a l l y con ta ins 
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s m a l l a m o u n t s of su l fur ic ac id . Use p u r e d i s t i l l ed w a t e r f r ee of any i m 
p u r i t i e s tha t m i g h t b e c o m e c u m u l a t i v e ove r the y e a r s . 

The b a t t e r i e s a l l con ta in a - i - in . l a y e r of o i l f loat ing 
on top of e l e c t r o l y t e , which r e t a r d s the n a t u r a l e v a p o r a t i o n of w a t e r f r o m 
e l e c t r o l y t e . It is a p u r e , a c i d - f r e e , nonsaponi fy ing oi l . Only s u c h oi l 
should be u s e d if the need a r i s e s . 

A lways r e t u r n a s a m p l e of e l e c t r o l y t e to the c e l l f r o m 
which it w a s t aken . After u s e , w a s h out the h y d r o m e t e r t ho rough ly with 
w a t e r to r e m o v e a l l t r a c e s of e l e c t r o l y t e , a s any e l e c t r o l y t e a l lowed to r e 
m a i n in the h y d r o m e t e r wi l l a b s o r b c a r b o n dioxide f rom the a i r to f o r m a 
th in coa t ing on the float, which wi l l c a u s e a fa l se r e a d i n g . I m p u r i t i e s of 
a l l k inds m u s t be kept out of the c e l l s , a s they have a h a r m f u l effect and 
can even tua l ly r u i n the b a t t e r i e s . Sulfur ic ac id can r u i n a n i c k e l - c a d m i u m 
b a t t e r y by a t t a ck ing and c o r r o d i n g the s t e e l p l a t e s and c e l l c o n t a i n e r s . To 
p r e v e n t c o n t a m i n a t i o n , n e v e r u s e any too ls or u t e n s i l s such a s h y d r o m e t e r 
funnels , b a t t e r y f i l l e r s , e t c . , which have been u s e d for s e r v i c i n g lead 
s t o r a g e b a t t e r i e s . 

Any v e g e t a b l e oi l or g r e a s e i n t r o d u c e d into the c e l l 
w i l l c a u s e t h e m to froth on c h a r g e . 

Fu l l y c h a r g e d b a t t e r i e s f loated a c r o s s the l ine 
should be m a i n t a i n e d at a vo l t age equa l to 1.44 t i m e s the n u m b e r of c e l l s 
in the b a t t e r y ; o t h e r w i s e , the b a t t e r y wi l l b e c o m e s lowly d i s c h a r g e d and 
r e q u i r e o v e r c h a r g e f rom t i m e to t i m e to b r i n g it b a c k to a fully c h a r g e d 
condi t ion . 

The b a t t e r y c h a r g e r for the " J a n u s " e l e c t r o n i c s g a l 
v a n o m e t e r c i r c u i t is a s i l i con b r i d g e r e c t i f i e r type . The c h a r g e r is a d 
j u s t a b l e for the c o r r e c t vo l t age to each c e l l (1.44 v) by changing the swi t ch 
on the c h a s s i s for i n c r e a s i n g or d e c r e a s i n g vo l t age to b a t t e r y . P e r i o d i c 
c h e c k s should be m a d e to s e e that the b a t t e r y i s m a i n t a i n i n g i t s c h a r g e , 
d i s c h a r g i n g , or o v e r c h a r g i n g . Too high a c h a r g e c u r r e n t wi l l c a u s e c e l l s 
to gas and hence c o n s u m e water . Too low a c h a r g e c a u s e s a b a t t e r y to 
lose i t s u s e f u l n e s s . 

To d e t e r m i n e the s t a t e of c h a r g e of a b a t t e r y , the 
o p e n - c i r c u i t vo l t age r e a d i n g (no c u r r e n t be ing d e l i v e r e d ) cannot be u s e d 
a s an ind ica t ion . The spec i f ic g r a v i t y of the e l e c t r o l y t e does not i nd i ca t e 
i t s s t a t e of c h a r g e . The s t a t e of c h a r g e of a p a r t i a l l y c h a r g e d b a t t e r y 
m u s t be m a d e by r e a d i n g c u r r e n t and vo l t age s i m u l t a n e o u s l y . 

The b e s t m e t h o d is to u s e an a c c u r a g e v o l t m e t e r ( l% 
or b e t t e r ) and i n s e r t an a r t i f i c i a l load equa l in va lue to the n o r m a l load. 
Vol tage r e a d i n g s ob ta ined whi le the b a t t e r y is c o n n e c t e d m o m e n t a r i l y to 
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the ar t i f ic ial load indicates the condition of the bat tery. A 3-amp load 
will be normal for the "Janus" electronic galvanometer circuit . An ap
proximately 2.35-ohm re s i s t o r can be used to determine state of charge. 

The electrolyte is injurious to skin and clothing; 
therefore , it should always be handled carefully. A supply of concentrated 
boric acid (solution 5 oz of boric acid powder to each quart of water) 
should be kept handy for neutral izing any accidental splashes on persons 
or clothing. 

The electrolyte level should be checked every six 
months under normal condition: -|- to 1 in. above top of plates is the co r 
rec t level. 

(Z) Log N and Per iod Channel 
(Model CD 180) 

INSTALLATION 

The Log N p reamp unit should be mounted within a 
short cable length of the ion chamber , preferably no m o r e than 20 ft. It 
should be mounted in such a manner that it is not e lect r ical ly grounded. 
The ion chamber should also be insulated from ground. Ordinary types of 
insulating ma te r i a l s a re adequate for isolating these i tems from ground. 

The cable from the chamber collector to the CURRENT 
INPUT of the Log N preamp should be a graphi te-coated type, with Teflon-
insulated connectors carefully assembled and cleaned. It should be lo
cated in such a position that it will not be subject to nnechanical shocks or 
vibration which could produce a false period t r ip . The positive and nega
tive voltage connections to the chamber may be ordinary non-graphi te-
coated coax. Teflon connectors a r e not required . The two voltage cables 
should be positioned near the cu r ren t signal cable, preferably taped to-
g,ether every few feet, and routed through the connections provided on the 
Log N preamp. 

The multiconductor cable between the Log N p reamp 
and the main chass i s should be a shielded cable with the shield braid tied 
to the connector shell at both ends. The voltage connections from the p r e 
amp box to the high-voltage supplies should be routed along with the mul t i -
conductor cable. 

The chamber-vol tage supplies should be mounted 
adjacent to the main chass i s , and there should be a good e lec t r ica l connec
tion between the two chass is provided by a braided ground s t rap . 
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O P E R A T I O N AND A D J U S T M E N T S 

If a r e m o t e p e r i o d m e t e r is not u sed , it is n e c e s s a r y 
to s h o r t t e r m i n a l s 3 and 4 on the b a r r i e r s t r i p to ob ta in ind ica t ion on the 
p a n e l P E R I O D m e t e r . A l s o , if a r e m o t e c u r r e n t - i n d i c a t i n g m e t e r is not 
used , it is n e c e s s a r y to s h o r t t e r m i n a l s 11 and 12 on the b a r r i e r s t r i p to 
m a k e the p a n e l CURRENT m e t e r o p e r a t e . 

The INPUT L E V E L Z E R O is ad jus t ed by s h o r t i n g 
a c r o s s the diode s t r i n g and ad jus t ing for z e r o v o l t a g e as m e a s u r e d b e 
t w e e n T3 c o l l e c t o r and g round . N o r m a l l y , th i s a d j u s t m e n t wi l l be r e q u i r e d 
v e r y in f requent ly , if a t a l l . 

The CURRENT m e t e r m a y be c a l i b r a t e d by m e a n s of 
the L E V E L and SPAN c o n t r o l s . T h i s c a l i b r a t i o n r e q u i r e s o p e r a t i n g the 
T E S T CURRENT swi tch on the p r e a m p whi le o b s e r v i n g a m e t e r on the 
m a i n c h a s s i s . Al though it c an be p e r f o r m e d wi th two peop le , or wi th s e v 
e r a l t r i p s b e t w e e n l o c a t i o n s , it is r e c o m m e n d e d that the p r e a m p be d i s 
moun ted and t aken to the loca t ion of the m a i n c h a s s i s and connec ted by 
m e a n s of an a u x i l i a r y s h o r t c ab l e . C a l i b r a t e a s fo l lows. With the 
CURRENT INPUT cab le d i s c o n n e c t e d and the p r e a m p c o n n e c t o r capped , 
s e t the TEST CURRENT swi tch on 10"^. O b s e r v e the C U R R E N T m e t e r 
and adjus t L E V E L for a c o r r e c t r e a d i n g . Then swi t ch the TEST C U R R E N T 
to 10" ' . If the C U R R E N T m e t e r r e a d s high, the span b e t w e e n the two t e s t 
c u r r e n t s is too s m a l l . In tha t event , t u r n the SPAN c o n t r o l c l o c k w i s e a 
s m a l l a m o u n t - d i s r e g a r d the change in m e t e r r e a d i n g whi le m a k i n g th i s 
a d j u s t m e n t . The L E V E L m a y then be r e a d j u s t e d to give c o r r e c t i n d i c a 
t ion of 10" ' a m p , and the 10" - a m p l e v e l m a y be r e c h e c k e d . If s t i l l not c o r 
r e c t , r e p e a t the p r o c e d u r e un t i l the m e t e r r e a d s r i g h t a t both c u r r e n t 
l e v e l s . 

The Z E R O a d j u s t m e n t should be se t for z e r o vo l t age 
f rom T7 co l l ec tor to g round with the R E C O V E R Y but ton he ld down. 

Af ter p r o p e r l y se t t i ng the ZERO, the <» ADJUST 
should be s e t for an inf ini ty r e a d i n g on the p e r i o d m e t e r wi th the R E C O V 
ERY but ton he ld d e p r e s s e d (if it m a k e s a d i f f e r ence ) . 

The T R I P L E V E L m a y be s e t by f i r s t t u r n i n g the 
P E R I O D TEST swi tch ON and se t t ing the P E R I O D T E S T SIGNAL c o n t r o l 
to give the d e s i r e d p e r i o d ind ica t ion . T u r n the T R I P L E V E L to i t s c l o c k 
w i s e m a x i m u m and p r e s s the R E S E T . Then t u r n the T R I P L E V E L b a c k 
f r o m the c l o c k w i s e l i m i t un t i l a t r i p o c c u r s and l eave it a t th i s point . 

O V E R A L L CHECK 

The i n s t r u m e n t is s e l f - c h e c k i n g by m e a n s of the T E S T 
CURRENT s i g n a l on the Log N p r e a m p , and the P E R I O D T E S T SIGNAL on 
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the main chass i s . The lat ter may be used as a check on the performance 
of the amplifier consisting of V2, T5, T^, and T7, and also on the per form
ance of the t r ip circui t . If the PERIOD TEST SIGNAL will provide readings 
over the complete range of - 10 to 10 sec, the amplifier is very probably 
in good working order . If the t r ip circuit functions as the PERIOD TEST 
SIGNAL is advanced to the level corresponding to the TRIP LEVEL setting, 
the t r ip c i rcui t s a re ve ry probably in good order . 

The Log N preamp circui t may be checked by two 
t e s t s . F i r s t , see if the CURRENT meter reads cor rec t ly at both test cur 
rent levels of 10"^ and 10"' amp. Second, disconnect the CURRENT INPUT 
cable and cap the connector on the preamp. When the cur ren t signal is 
switched off from 10"' amp, the CURRENT meter reading should go below 
the low end of the scale . If both tes t s a re satisfactory, the Log N preamp 
is very probably in good shape. 

It will be noted that during cer ta in testing operat ions, 
such as turning the TEST CURRENTS on, the PERIOD mete r will remain 
pinned at one end or the other for some period of t ime. This is normal , 
for such signals overdr ive the amplifier-following capacitor C, and the 
capacitor then d ischarges with a long time constant. The meter will even
tually recover of its own accord if sufficient t ime - perhaps severa l min
utes - is allowed. If a quicker recovery is desired, it is only neces sa ry 
to p r e s s the RECOVERY button. 

In a s imi lar manner , it will be noted that other opera
tions, such as turning the high-voltage supplies on or off when connected 
through the chamber to the input of the Log N preamp, will resul t in a 
below-scale reading on the cur ren t meter , even at t imes when the cur ren t 
level is known to be above 10" amp. This is caused by a s imilar effect 
in the Log N circuit , where the input capacity to ground has developed a 
t rans ien t charge and it is requi red to leak off through the high res i s t ance 
of the diode str ing. This circui t will also eventually recover on its own 
accord, though it may requ i re seve ra l minutes . If a quick recovery is de
s i red he re , the TEST CURRENT switch may be turned to 10"^ amp. The 
cu r ren t mete r should come up to that reading almost immediately. Then, 
when the switch is turned off, the meter should drop to its co r r ec t reading. 

If further information about the theory of operation of 
a period mete r is des i red , see DC REACTOR INSTRUMENTS, Electronics 
Division drawing EL 2523. 

b. Non-nuclear Instrumentation 

Installation, maintenance, and operating instruct ions are 
provided for special ized equipment by the manufac ture r ' s booklets and 
manuals l isted in Section VII. 



2. Cooling Systems 

a. P r i m a r y Cooling System 

The p r i m a r y cooling system is normal ly a closed sys tem 
with its own controlled a tmosphere . The problems associa ted with its 
establishment and maintenance a r e considerably different than for the 
secondary cooling sys tem and should be discussed separate ly . 

(l) Filling the System 

The p r i m a r y cooling system, exclusive of the s torage 
tank, will contain about 550 gal of deionized water when it is filled. The 
water level in the reac tor tank will then be at the 5-ft mark . The shell 
sides of the heat exchangers , the pump casings, the cleanup system, and 
all connecting piping of the p r i m a r y cooling sys tem and its auxi l iar ies will 
also be full. Approximately 10 gal of additional deionized water should be 
put in the storage tank. 

Inventories of water additions to the reac tor tank and 
the storage tank should be kept when they a re being filled for purposes of 
calibrating the level indicators which a r e associated with these tanks. The 
reac tor uses ion-free or deionized light water while operating and also as 
a final step in the p rocesses of cleaning the inter ior of the p r i m a r y cool
ing system. It is , thus, not essent ia l to dry the p r i m a r y cooling sys tem 
before filling it with the reac tor water, as in the case of a reac tor which 
operates with heavy water for the modera tor-coolant , except to insure a c 
curacy in calibration of the level indicators . 

The cal ibrat ions, preferably, should be ca r r i ed out 
when convenient during the p rocess of cleaning the sys tem and prepar ing 
the reac tor for the loading in of the final charge of deionized water . 

Let us assume the p r imary cooling sys tem is thor
oughly cleaned and that the wa te r - l eve l indicators for the reac tor tank and 
the s torage tank a re cal ibrated. 

To fill the p r i m a r y cooling system, a supply of de
ionized water totalling approximately 560 gal should be on hand or readi ly 
available. If the deionized water is received in d rums , an a r rangement 
should be provided for attaching between the drums and a smal l valve fitted 
to a flange in the 3-in. suction line of the p r imary coolant-circulat ing 
pumps. The water may be added here and run to the s torage tank. If the 
quality of the deionized water is doubtful, the loading into the s torage tank 
may be accomplished by connecting the supply drums to a smal l valve at 
one of the water -sampl ing stations of the cleanup sys tem. In this way, the 
water may be run through the mixed-bed r e s in colunnn of the cleanup sys tem 
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before entering the s torage tank. The conductivity of the water entering 
the tank may be monitored at the cleanup sys tem. The deionized water , 
may if des i red, be obtained at a smal ler supply ra te from the st i l l line of 
Building 202. Either location for adding to the storage tank may also be 
employed in this case . 

After the approximately 560 gal of reac tor water have 
been placed in the s torage tank and the pump section of the system, the 
isolation valves for the p r i m a r y circulat ion pumps should be set slightly 
open. Start the pumps one at a t ime and run them briefly. When it is sure 
the pump cases a r e free of gas, stop the pumps and close their isolation 
valves. 

Now, open slightly the isolating valves for one of the 
circulat ing pumps and s ta r t the pump. Slowly direct the water from the 
s torage tank through the heat exchanger and into the reac tor tank. When 
the gas has been displaced from the heat exchanger and water is running 
into the reac to r tank, r e s t r i c t the flow through the thrott le valve PV-5 of 
Fig. 31 by reducing its opening. Open valve PV-2 of the above Fig. 31 
until the suction line running to the reac tor is filled and water runs from 
it into the reac tor tank. Now open valve PV-5 slightly more , and continue 
pumping water from the storage tank into the reac tor tank via both lines 
until the des i red level (5 ft or less) is attained. Now, close valves PV-2 
and P V - 1 . Adjust the isolating valves at the suction and discharge ends of 
the pump, and regulate the thrott le va-lve PV-5 to obtain the desired flow 
and p r e s s u r e in the heat exchanger. The.auxil iary par t s of the p r i m a r y 
sys tem should now be adjusted for the des i red flows. The p r i m a r y cooling 
sys tem is now in no rma l operating condition. 

(2) Maintenance of the System 

The p r i m a r y cooling sys tem should requi re very 
little attention to maintain the proper operation. It is anticipated that oc
casionally the mechanical seal of the pump may need to be replaced. A 
circulat ing pump may be isolated and removed for repa i r by closing the 
appropr ia te isolating valves and unbolting connecting flanges. An ex
hausted r e s in column may be removed and replaced through use of s imi lar 
a r r angemen t s . Isolating valves and connecting flanges a re provided in 
most pa r t s of the sys tem where component failure may requi re repai r or 
replacement . 

b. Secondary Cooling System 

The secondary cooling sys tem includes the tube sides of 
the heat exchangers for removing heat from the p r i m a r y cooling system, 
the secondary cooling pumps, the cooling tower, a flow mete r , p r e s s u r e 
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and t e m p e r a t u r e i n d i c a t o r s , i so la t ing and t h r o t t l e v a l v e s , and connec t ing 
piping. Al l of t h e s e c o m p o n e n t s a r e s t a n d a r d c o m m e r c i a l un i t s and wi l l 
r e q u i r e the u s u a l a t t en t ion g iven for hea t r e m o v a l s y s t e m s having s i m i l a r 
s u r r o u n d i n g s . 

(1) F i l l ing the S e c o n d a r y Cooling S y s t e m 

L a b o r a t o r y w a t e r m a y be added to the cooling t o w e r 
v ia the m a k e - u p l ine to supply the l eve l r e c o m m e n d e d by the m a n u f a c t u r e r 
of the cooling t o w e r . The c i r c u l a t i n g p u m p s m a y be flooded and p r i m e d in 
a n o r m a l fashion by u s e of a p p r o p r i a t e v a l v e s . The flow m a y be s t a r t e d 
and ad jus t ed by n o r m a l p r o c e d u r e a s needed for the a s s o c i a t e d r e a c t o r 
ope ra t i on . 

(2) M a i n t e n a n c e of t h e S y s t e m 

S i n c e t h i s s y s t e m i s n o t a c l o s e d s y s t e m , i t i s s u b j e c t 
t o a c c u m u l a t i o n of d i r t , s c a l e , e t c . E v a p o r a t i o n f r o m t h e c o o l i n g t o w e r 
w i l l c a u s e i n c r e a s e of m i n e r a l c o n t e n t a n d w i l l r e q u i r e w a t e r t r e a t m e n t . 

U s e of c h e m i c a l s , b l o w d o w n , a n d 
m e c h a n i c a l o r c h e m i c a l c l e a n i n g 
w i l l p r o b a b l y b e r e q u i r e d to k e e p 
t h i s s y s t e m in p r o p e r c o n d i t i o n . 
W e a r on p u m p s e a l s w i l l b e 
g r e a t e r in t h i s s y s t e m t h a n in t h e 
p r i m a r y c o o l i n g s y s t e m ; c o n s e 
q u e n t l y , m o r e f r e q u e n t i n s p e c t i o n 
a n d r e p l a c e m e n t w i l l b e n e c e s s a r y . 

T h e h e a t e x c h a n g e r s 
w i l l a c q u i r e f i l m a n d o t h e r u n d e s i r 
a b l e c o a t i n g s on t h e i n n e r s u r f a c e s 
of t h e t u b e s i d e s . C o n s e q u e n t l y , 
t h e h e a t e x c h a n g e r s h a v e b e e n i n 
s t a l l e d a s s h o w n in F i g . 81 s o t h a t 
m e c h a n i c a l o r c h e m i c a l c l e a n i n g 
of t h e t u b e s m a y b e a c c o m p l i s h e d 
in a r e l a t i v e l y s i m p l e f a s h i o n . 

3 . S e r v i c i n g C o n t r o l R o d 
M e c h a n i s m s a n d C h a n g 
ing R e a c t o r F u e l 

£: 

144-287A 

Fig. 81. Main Heat Exchangers for "Janus" Reactor T h e s a f e t y r o d s a n d t h e 
r e g u l a t i n g r o d a r e a r r a n g e d s o 

t h a t t h e y w i l l b e i n s e r t e d o r r u n in u p o n s h u t d o w n of t he r e a c t o r b y s c r a m 
a c t i o n i n i t i a t e d b y s a f e t y i n t e r l o c k s , s c r a m b u t t o n s , a n d b y t u r n i n g t h e 
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r e a c t o r power key swi t ch to i t s off pos i t ion . If a s a f e t y - r o d m e c h a n i s m 
or the r e g u l a t i n g - r o d m e c h a n i s m h a s b e c o m e s lugg ish , o r a s a f e t y - r o d 
g r o u p does not i n s e r t p r o p e r l y , or if it is d e s i r e d to i n s p e c t o r s e r v i c e the 
c o n t r o l - r o d m e c h a n i s m s , the following p r o c e d u r e s a r e r e c o m m e n d e d . 

a. Shutdown of the R e a c t o r 

The r e a c t o r m a y be s e c u r e d in shutdown condi t ion by the 
i n s e r t i o n of safe ty r o d s and the r e g u l a t i n g rod to t h e i r in p o s i t i o n s . The 
r e a c t o r w a t e r t e m p e r a t u r e should then be l eve led off at a p p r o x i m a t e l y 
25°C by cont inu ing u s e of the c i r c u l a t i o n p u m p s and the cool ing t ower for 
about 30 m i n a f t e r r e a c t o r shutdown. By th i s t i m e , the r e l e a s e of f i s s ion 
p r o d u c t decay hea t fol lowing con t inuous 9 0 - d a y fu l l -power o p e r a t i o n of 
the r e a c t o r w i l l be at a r a t e not g r e a t e r than 500 w for the h o t t e s t fuel 
a s s e m b l y . At t h i s h e a t - g e n e r a t i o n r a t e , the t e m p e r a t u r e i n c r e a s e of the 
r e a c t o r , wi thout e x t e r n a l cool ing , wi l l be about 0 .05°C /min . 

After the r e a c t o r has b e e n cooled to 25°C, r e m o v a l of the 
10- ton b i o l o g i c a l sh ie ld b locks at the top of the r e a c t o r m a y be s t a r t e d . 
R e m o v a l of t h r e e of five such sh ie ld ing b locks wi l l , in g e n e r a l , give a d e 
qua te a c c e s s to the s a f e ty - and r e g u l a t i n g - r o d m e c h a n i s m s , and to the top 
of the r e a c t o r v e s s e l . The r e a c t o r wi l l have been shut down for a p p r o x i 
m a t e l y one hour by the t i m e th i s o p e r a t i o n is c o m p l e t e d . 

At th i s s t a g e , the h o t t e s t fuel a s s e m b l y w i l l be r e l e a s i n g 
f i s s i on p r o d u c t hea t a t a r a t e of about 250 w. The r e a c t o r w a t e r m a y now 
be p u m p e d f r o m the r e a c t o r t ank to the s t o r a g e tank and the p u m p s and 
v a l v e s s e c u r e d . R a d i a t i o n of hea t f r o m the fuel a s s e m b l i e s to the s u r 
round ing r e a c t o r s t r u c t u r e w i l l k e e p the fuel e l e m e n t s w e l l be low t h e i r 
m e l t i n g t e m p e r a t u r e . The r e a c t o r w i l l be far be low c r i t i c a l wi th the 
w a t e r r e m o v e d even if a l l the sa fe ty r o d s and the r e g u l a t i n g r o d w e r e 
r e m o v e d . 

b . S e r v i c i n g the C o n t r o l - r o d M e c h a n i s m s 

When the s a f e ty - and r e g u l a t i n g - r o d m e c h a n i s m s have 
been m a d e a c c e s s i b l e , the d r i v e power for the safe ty r o d s should be t u r n e d 
off and t h e i r o u t - l i m i t s w i t c h e s a c t u a t e d m a n u a l l y , so tha t the r e g u l a t i n g 
r o d m a y be r u n p a r t way out to s e r v i c i n g pos i t ion . At t h i s pos i t ion , the 
union c o n n e c t i o n of the cab le condui t m a y be opened to expose the 
r e g u l a t i n g - r o d s t e m . A c l a m p u s e d in s e r v i c i n g the m e c h a n i s m should 
then be t i gh t ened a r o u n d the s t e m of the r e g u l a t i n g rod and bo l ted to i t s 
sh i e ld ing plug, wh ich i s bo l t ed to the top of the r e a c t o r t ank . Th i s c l a m p 
ho lds the r e g u l a t i n g r o d so it cannot be r u n in or out. 

The i d l e r p in ion of the r e g u l a t i n g - r o d m e c h a n i s m should 
now be r e m o v e d f r o m i t s moun t and the d r i v e cab le d i s c o n n e c t e d f r o m the 
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r e g u l a t i n g - r o d s t e m . A s h o r t cab le for l o w e r i n g the r e g u l a t i n g rod to i t s 
in pos i t ion should be a t t a c h e d to the s t e m , then the s e r v i c i n g c l a m p l o o s 
ened, and the r e g u l a t i n g rod l o w e r e d into the r e a c t o r to i t s c o m p l e t e l y down 
pos i t i on . The top of the l o w e r i n g cab l e w i l l now be a s h o r t d i s t a n c e above 
the b o t t o m s e c t i o n of the condui t union. The s e r v i c i n g c l a m p should be 
t igh tened to confine the r e g u l a t i n g rod to i t s in pos i t i on . 

If the r e g u l a t i n g - r o d m e c h a n i s m is to be c l e a n e d or o t h e r 
w i s e s e r v i c e d , i ts c o m p o n e n t s should now be r e m o v e d f rom the top of the 
r e a c t o r and t aken to a shop for a t t en t ion a s m a y be r e q u i r e d . If no a t t e n 
tion is r e q u i r e d by the s a f e t y - r o d m e c h a n i s m s or by a fue l - load ing c h a n g e , 
the r e g u l a t i n g - r o d m e c h a n i s m m a y be r e i n s t a l l e d in the r e a c t o r by r e 
v e r s i n g the s t e p s followed in i ts r e m o v a l . The b i o l o g i c a l - s h i e l d i n g p lugs 
should then be r e s t o r e d to p r o p e r pos i t ion and the r e a c t o r r e t u r n e d to 
n o r m a l o p e r a t i o n . 

If, h o w e v e r , a s a f e t y - r o d m e c h a n i s m is in need of s e r v 
ic ing, the s t e p s in the l a s t two s e n t e n c e s of the p a r a g r a p h i m m e d i a t e l y 
above should be omi t t ed and the s a f e t y - r o d g r o u p to be s e r v i c e d should be 
handled in a m a n n e r s i m i l a r to tha t for the r e g u l a t i n g rod . With the r e g u 
la t ing r o d d i s c o n n e c t e d f r o m i ts d r i v e m e c h a n i s m and i n s e r t e d in the r e 
a c t o r a s d e s c r i b e d above , a t t en t ion should be g iven to p r e p a r i n g the 
ind ica ted s a f e t y - r o d g r o u p for s e r v i c i n g . The o v e r r u n tube should be r e 
m o v e d f rom the s a f e t y - r o d d r i v e uni t . A c l a m p should be i n s t a l l e d a r o u n d 
the o v e r r u n cab l e and a t t a c h e d to the d r i v e s p r o c k e t hous ing . The s a f e t y -
rod g r o u p should be d r i v e n p a r t way out to the s e r v i c i n g pos i t i on . The 
c l a m p should be t igh tened on the o v e r r u n cab l e so tha t the sa fe ty rod canno t 
be a c c i d e n t a l l y r e l e a s e d or run into the r e a c t o r . The union connec t i ons 
on the cab l e condu i t s m a y be opened to expose the s t e m s of the safe ty r o d s 
cons t i t u t ing the g r o u p to be s e r v i c e d A s e r v i c i n g c l a m p should be t i gh t 
ened a r o u n d e a c h s t e m and bol ted to i t s sh ie ld ing plug f a s t ened in the top 
of the r e a c t o r tank. T h e s e c l a m p s wi l l hold e a c h sa fe ty r o d of a g roup so 
they cannot be run in or out. 

The s p r i n g - l o a d e d i d l e r p in ion a s s e m b l y should then be 
r e m o v e d , and i t s mount and the c a b l e s d i s c o n n e c t e d f r o m the s a f e t y - r o d 
s t e m s . A s h o r t cab le for l ower ing a sa fe ty rod to i t s in pos i t i on m a y be 
a t t a c h e d to e a c h s t e m ; then, the ind iv idua l s e r v i c i n g c l a i n p s m a y be l o o s 
ened, one at a t i m e , and the ind iv idua l sa fe ty r o d s l o w e r e d into the r e a c t o r 
to t h e i r c o m p l e t e l y down p o s i t i o n s . The tops of the l o w e r i n g c a b l e s wi l l 
be s h o r t d i s t a n c e s above the b o t t o m s e c t i o n s of the condui t un ions . The 
s e r v i c i n g c l a m p s should be t i gh tened ind iv idua l ly to confine the safe ty r o d s 
to t h e i r in p o s i t i o n s . The c o m p o n e n t s of the s a f e t y - r o d m e c h a n i s m to be 
c l eaned , i n s p e c t e d , or o t h e r w i s e s e r v i c e d m a y be r e m o v e d to a shop a s 
r e q u i r e d . Upon c o m p l e t i o n of the s e r v i c i n g o p e r a t i o n , the s a f e t y - r o d 
m e c h a n i s m m a y be r e i n s t a l l e d in the r e a c t o r by r e v e r s i n g the s t e p s fol 
lowed in i t s r e m o v a l . The r e g u l a t i n g - r o d m e c h a n i s m should then be 
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r e i n s t a l l e d a s out l ined above and the r e a c t o r r e t u r n e d to n o r m a l o p e r a t i n g 
condi t ion , u n l e s s a n o t h e r g r o u p of safe ty r o d s is to be s e r v i c e d o r the 
r e a c t o r fuel loading is to be changed . The s a m e s t e p s d e s c r i b e d above 
should be fol lowed to s e r v i c e the a d d i t i o n a l s a f e t y - r o d m e c h a n i s m s and 
p r e p a r e the r e a c t o r for r e t u r n to n o r m a l o p e r a t i o n . 

c. Changing C o n t r o l Rods and F u e l Loading 

If it is known tha t the po i son s e c t i o n of a c o n t r o l r o d m u s t 
be r e m o v e d for r e p l a c e m e n t or if it is d e s i r e d to r e m o v e the p o i s o n s e c 
t ion for i n s p e c t i o n (which n o r m a l l y would r e q u i r e the u s e of cave f ac i l i t i e s ) , 
or if for s o m e r e a s o n the c a p - a n d - s t e m p o r t i o n of a c o n t r o l rod is m a d e 
i n s e p a r a b l e f r o m the po i son s e c t i o n of the rod , p r o c e e d by us ing a coffin 
for r e m o v a l of an ind iv idua l c o n t r o l rod . In beginning th i s p r o c e d u r e , the 
r e a c t o r is to be s e c u r e d in the shutdown ( g r e a t l y s u b c r i t i c a l ) condi t ion 
p r o v i d e d when a l l c o n t r o l r o d s a r e f a s t ened a t t h e i r fu l l - in p o s i t i o n s a s 
d e s c r i b e d in s u b s e c t i o n b i m m e d i a t e l y above . The top of the r e a c t o r t ank 
should be c l e a r e d of a l l a t t a c h m e n t s which would i n t e r f e r e with the p o s i 
t ioning of the coffin and i t s a l ign ing t e m p l a t e or which m i g h t be d a m a g e d 
by i m p a c t of the coffin. The sh ie ld ing plug for the s e l e c t e d c o n t r o l rod 
should be unbo l ted f r o m the r e a c t o r top. The cof f in -a l ign ing t e m p l a t e and 
i t s s u p p o r t i n g f r a m e should be p r o p e r l y loca t ed and s e c u r e d to the I b e a m s 
which s u p p o r t the top f loor sh i e ld ing b locks ( see F i g . 63). Then, a f t e r 
connec t ing the cab le runn ing f r o m the b o t t o m of the coffin to the c o n t r o l 
r o d and i t s a t t a c h e d sh ie ld ing plug, the c o n t r o l rod and plug m a y be c a r e 
fully d r a w n f r o m the r e a c t o r into the coffin. At th i s point , the coffin ga te 
should be c l o s e d and the loaded coffin r e m o v e d . A s p e c i a l ho ld -down 
p o i s o n s e c t i o n should now be i n s e r t e d in the c o n t r o l rod loca t ion and a 
so l id sh i e ld ing plug s e c u r e d above it in the r e a c t o r top. The s a m e p r o 
c e d u r e should be r e p e a t e d for a s m a n y c o n t r o l r o d s a s m a y need to be 
r e m o v e d , i n s p e c t e d , or r e p l a c e d . If a c o m p l e t e fue l - load ing change i s to 
be p e r f o r m e d , the above p r o c e d u r e would be followed for a l l s e v e n c o n t r o l 
r o d s if t h e i r s t e m s a r e i n s e p a r a b l e f r o m the po i son s e c t i o n s . The r o t a t -
ab le plug can then be m a n i p u l a t e d to b r i n g a c c e s s p a r t s in the plug to 
a l i g n m e n t wi th any d e s i r e d f u e l - a s s e m b l y pos i t ion . The s e v e n fuel a s 
s e m b l i e s wh ich con ta in the h o l d - d o w n po i son s e c t i o n s should, a s a m a t t e r 
of p r a c t i c e , r e m a i n in the r e a c t o r c o r e un t i l a l l o t h e r s have b e e n r e m o v e d . 

The c o n t r o l r o d s and s t e m s have been d e s i g n e d so tha t 
they m a y be s e p a r a t e d one f r o m the o the r by u n s c r e w i n g s m a l l r e t a i n i n g 
b o l t s . If t h i s a r r a n g e m e n t is in u s e , a fuel r e l o a d i n g m a y be a c c o m p l i s h e d 
by fol lowing the p r o c e d u r e of Sec t ion IX.C.3 .b to the point w h e r e a l l sa fe ty 
r o d s and the r e g u l a t i n g r o d have b e e n s e c u r e d at t h e i r c o m p l e t e l y in p o s i 
t i ons in the r e a c t o r . The top of the r e a c t o r t ank should be c l e a r e d of a l l 
a t t a c h m e n t s which would i n t e r f e r e wi th the o p e r a t i o n of fuel r e m o v a l . An 
ind iv idua l s e r v i c i n g c l a m p m a y be l oosened , and the sh ie ld ing plug above 



the c o r r e s p o n d i n g c o n t r o l rod m a y be unbo l ted and r e m o v e d f r o m the 
r e a c t o r . * A s p e c i a l sh ie ld ing plug c a r r y i n g a l o n g - h a n d l e d Al l en w r e n c h 
should be i n s e r t e d over the c o n t r o l - r o d l o w e r i n g cab le and s t e m . By u s e 
of the w r e n c h , the c o n t r o l - r o d s t e m m a y be unbol ted . The s p e c i a l s h i e l d 
ing plug and w r e n c h should be r e m o v e d a s w e l l a s the c o n t r o l - r o d s t e m . 
A t h i r d sol id sh ie ld ing plug should be i n s e r t e d above the c o n t r o l r od . The 
top of the c o n t r o l rod wi l l now be a s m a l l d i s t a n c e be low the b o t t o m of the 
r o t a t a b l e sh i e ld ing plug above the c o r e of the r e a c t o r . When a l l of the 
c o n t r o l - r o d s t e m s have been r e m o v e d and the c o r r e s p o n d i n g sh ie ld ing 
p lugs i n s e r t e d one at a t i m e , the r e a c t o r wi l l be r e a d y for u s e of a coffin 
for w i t h d r a w i n g any s e l e c t e d fuel a s s e m b l y f r o m the r e a c t o r or for a 
c o m p l e t e r enaova l of a l l fuel a s s e m b l i e s , one a t a t i m e , into the coffin. 

Subsequen t r e l o a d i n g of the r e a c t o r m a y now be a c c o m 
p l i s h e d by r e v e r s i n g the unloading p r o c e s s if dup l i ca t e fuel a s s e m b l i e s 
a r e u s e d . If, howeve r , fuel a s s e m b l i e s of d i f fe ren t u r a n i u m conten t or 
c o n t r o l r o d s of d i f fe ren t a r r a n g e m e n t f r o m those o r i g i n a l l y u sed a r e to be 
employed , the p r o c e d u r e for the i n i t i a l loading should be followed. 

d. A l t e r n a t i v e P r o c e d u r e for Changing the F u e l Loading 

If the safe ty and r e g u l a t i n g r o d s and t h e i r a s s o c i a t e d 
m e c h a n i s m s a r e p e r f o r m i n g p r o p e r l y so tha t they do not r e q u i r e s e r v i c i n g , 
but it is d e s i r a b l e to add fuel to i n c r e a s e r e a c t i v i t y , t h i s m a y be a c c o m 
p l i shed by a r e l a t i v e l y s i m p l e p r o c e d u r e . 

Fo l low the p r o c e d u r e ou t l ined above in s u b s e c t i o n a. It i s 
then p o s s i b l e to o b s e r v e t h r e e s m a l l e r sh i e ld ing p lugs in the r o t a t a b l e 
plug which a r e not u sed for s a f e ty - and r e g u l a t i n g - r o d i n s t a l l a t i o n s . T h e s e 
t h r e e p lugs a r e loca t ed d i r e c t l y ove r t h r e e f u e l - a s s e m b l y p o s i t i o n s of the 
r e a c t o r c o r e . In the d e s i g n of the " J a n u s " r e a c t o r , it w a s in tended tha t 
t h e s e p o s i t i o n s should be occup ied by d u m m y fuel a s s e m b l i e s or by t y p e -
two fuel a s s e m b l i e s , n a m e l y , t hose c o m p o s e d of i nne r and i n t e r m e d i a t e 
f u e l - b e a r i n g c y l i n d e r s wi th an ou t e r c y l i n d e r of p l a in a l u m i n u m and a 
n o n - f u e l - b e a r i n g t h i m b l e in the c e n t e r of the a s s e m b l y . Ano the r fuel a s 
s e m b l y , known a s a t y p e - o n e fuel a s s e m b l y , h a s the o u t e r , i n t e r m e d i a t e , 
and inner c y l i n d e r s a l l f u e l - b e a r i n g , but has a n o n - f u e l - b e a r i n g t h i m b l e 
in the c e n t e r of the a s s e m b l y . E i t h e r of t h e s e a s s e m b l i e s m a y occupy the 
p o s i t i o n s in the c o r e which a l ign wi th the s m a l l e r sh i e ld ing p lugs m e n 
t ioned . The r e q u i r e d a r r a n g e m e n t wi l l be d e t e r m i n e d a t the i n i t i a l loading 
of the r e a c t o r . If one o r m o r e of t h e s e t h r e e fuel p o s i t i o n s con t a in s a 
d u m m y or a fuel a s s e m b l y with a n o n - f u e l - b e a r i n g t h i m b l e , it is now p o s 
s ib le to add fuel to the r e a c t o r qui te r e a d i l y a s fol lows: 

( l ) S e c u r e the c o n t r o l r o d s at t h e i r fu l l - in p o s i t i o n s , and 
c l e a r the r e a c t o r top suff ic ient ly to p r o v i d e u n i m p e d e d a c c e s s to the t h r e e 
s m a l l e r sh i e ld ing p l u g s . 

See subsection d for Alternauve Procedure for Changing the Fuel Loading. 
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(2) Remove the shielding plug over the position that c o r r e 
sponds to the assembly which will accominodate the fuel addition neares t in 
magnitude to the est imated amount needed for the des i red react ivi ty change, 
(it should be noticed that two of the three shielding plugs a r e only large 
enough to allow removal or inser t ion of a cent ra l thimble. The third shield
ing plug is sufficiently large to accommodate a complete fuel assembly.) 

Let us a s sume that the exchange of a fuel-bearing 
thimble for a non-fuel-bearing thimble will accomplish the des i red r e a c 
tivity change. 

(3) Now, inser t a thimble-handling tool through the s e 
lected smal l plug opening and at tach it to the plain aluminum thimble. 
Loosen the thimble, by lifting it slightly by hand, then lower it back to 
position. 

(4) Move the refueling coffin into position direct ly over 
the thimble-handling tool, and attach to the tool the lifting cable extending 
from the bottom of the coffin. 

(5) Lower the coffin to provide adequate shadow shielding 
for the thimble to be removed. Steady the coffin by a suitable mechanical 
res t ra in ing device; then proceed to carefully draw the thimble into the 
coffin. 

(6) After r emova l of the coffin, the fresh fuel-bearing 
thimble may be installed by hand through use of a thimble-handling tool. 

(7) The weighted beryl l ium source section from the plain 
aluminum thimble or a new weighted source section should be installed in 
the new thimble. 

(S) The fuel-changing operation is completed by re in
stalling the shielding plug and res to r ing the reac tor top and the floor 
shielding to operating condition. 

A s imi lar procedure would be followed for replacing one 
type of fuel assembly by another type through the la rges t of the three 
shielding plug posit ions. 

D. General Reactor Faci l i ty Data 

1. Operational and Related Data 

Nominal Power Level 200 kw 

Type of Fuel U-Al Alloy; Uranium en
riched to 93% in U"^ 
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M o d e r a t o r , Coolant 

Type of F u e l A s s e m b l y 

N u m b e r of F u e l A s s e m b l y 
P o s i t i o n s 

C o r e Size 
D i a m e t e r 
Height 
Vo lume 

F u e l Loading (Max.) 
(U"5) (Min.) 

E s t i m a t e d F u e l C o n s u m p t i o n 
(cont inuous full p o w e r ) 

H2O to M e t a l Ra t io 

T h e r m a l N e u t r o n F l u x 
( n / c m Y s e c ) M a x i m u m 

A v e r a g e 

T e m p e r a t u r e Coeff ic ient 
of R e a c t i v i t y 

Void Coeff ic ient 

R e a c t i v i t y Effect of Xenon 
(in E q u i l i b r i u m a t 200 kw) 

M a x i m u m E x c e s s R e a c t i v i t y 

H e a t T r a n s f e r Data: 
T o t a l Coolant Volunne 
Coolant Vo lume in C o r e 
Coolan t F low Ra te 

A v e r a g e Coolant Ve loc i ty 
in F u e l C h a n n e l s 

A v e r a g e P o w e r D e n s i t y 
C o r e 
C o r e Coolant ' - •—•'• 

A v e r a g e H e a t F l u x ^«' 

O p e r a t i n g T e m p e r a t u r e 
of C o r e 

Light w a t e r 

C P - 5 type m a d e of t h r e e 
c o n c e n t r i c c y l i n d e r s and a 
t h i m b l e . F u e l - b e a r i n g por
t ions inc lude f r o m two to 
four c y l i n d e r s 

19 

~41 c m 
~60.5 c m 
- 8 0 l i t e r s • 

- 4 0 8 0 g 
- 2 7 0 0 g 

~2 g / w e e k 

2.51:1 

4 .5 X 10^2 

3.5 X 10^2 

- 0 . 0 6 1 % A k / k / C ° 

-0 .2% A k / k / % void 

-0.7% A k / k 

1.5% Ak/k 

2200 l i t e r s 
57.3 l i t e r s 
6.3 l i t e r s / s e c 

15 c m / s e c 

2.5 k w / l i t e r 
3. 5 k w / l i t e r 

2.3 w / c m 

'50°C 
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Converter P la tes : 
High-dose Side 

Size 
U"5 Content 

Low-dose Side 
Size 

U"^ Content 

I rradiat ion Cells: 
High-dose Cell 

Size (approx) 
Maximum Dose Rate 

Low-dose Cell 
Size (approx) 

Maximum Dose Rate 

1.27 cm X 190 cm x 97.8 cm 
6100 g 

1.27 cm X 300 cm x 97.8 cm 
9600 g 

244 cm X 488 cm x 305 cm 
~100 r a d s / m i n 

700 cm X 700 cm x 335 cm 
~0.0 1 r ad /min 

2. Cost Breakdown for the "Janus" Neutron Irradiat ion Facil i ty 

The costs involved in the purchase , fabrication, assembly, and 
other construction of the var ious i tems entering into the completed "Janus" 
I r radiat ion Faci l i ty a re considered under two main groups. The Reactor , 
its Components, and its Operations Equipment form the la rger and more 
complex group. The Building with its uti l i t ies and the ventilating and air 
conditioning equipment form the other group. 

a. The Reactor , its Components and its Operations 
Equipment 

(1) Shielding 

(i) 
(ii) 

(iii) 
(iv) 

(v) 

Machined Lead Bricks 
Lead Billets 
Lead Brick (other) 
Top Shield and Rotating Plug 

Top Shield Plugs (additional) 
Roller and Track for Rotating Plug 

Floor Plugs and Normal and Dense 
Concrete 

(2) Reactor Containment Shell 

(i) Reactor Steel Shell 
(ii) Steel F o r m s between Building and 

Steel Shell 
(iii) Bora l Sheets 
(iv) Pedes ta l s for High- and Low-level 

Lead Walls and Shutters 

$ 9,188 
4,233 
4,196 

10,493 
2,846 
1,025 

28,774 
$60,755 

$12,355 

811 
3,360 

4.715 
$21,241 
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(3) Graph i t e ft ' . 

> (i) G r a p h i t e for C o r e Buffer $ 7,154 
(ii) G r a p h i t e for R e f l e c t o r and 

T h e r m a l i z e r 30,687 
.̂  $37,841 

(4) R e a c t o r V e s s e l , C o m p o n e n t s , and E q u i p m e n t 

(i) R e a c t o r V e s s e l and P l e n u m $ 8,193 
Gr id P l a t e and o the r V e s s e l P a r t s 1,265 
C o r e Buffer 2,633 
Leve l ing and Suppor t S c r e w s 264 

(ii) Cooling T o w e r 8,274 
(iii) P u m p s 1,823 
(iv) Hea t E x c h a n g e r s 1,227 
(v) Coolant S to rage Tank 500 

(vi) Be l t G u a r d s 28 
(vii) S k i m m e r Guide and Shield P lug 615 

(viii) R e p a i r Kit for P u m p s and V a l v e s 35 
(ix) P i p e , F i t t i n g s , V a l v e s , e t c . 7,925 

$32,782 

(5) C o n v e r t e r P l a t e s and D r i v e s 

(i) C o n v e r t e r P l a t e s ( F a b r i c a t i o n ) 
A n a l y s i s of M a t e r i a l 
A l u m i n u m P o w d e r 
R e c l a m a t i o n of U3O8 S c r a p 
S p e c i a l M a t e r i a l s C h a r g e 

(ii) C o n v e r t e r P l a t e C a s e s 
A l u m i n u m Shee t s 
B o r a l Shee t s 

(iii) C o n v e r t e r P l a t e D r i v e s 
G e a r s and M o t o r s for D r i v e s 

(6) Regu la t i ng and Safety Rods and D r i v e s 

3,557 
543 
207 

9,472 
2,000 
10,651 

210 
1,656 
2,697 
730 

$31,723 

(i) Seven R e g u l a t i n g - S a f e t y Rods $ 8,660 
(ii) Te l e f l ex D r i v e s 15,000 

(iii) R e v i s i o n of Te l e f l ex D r i v e s 3,000 
(iv) E x t e n s i o n T u b e s 720 
(v) Modif ied Te l e f l ex D r i v e s 4 ,584 

C l u t c h e s , M i c r o Swi t ches , Shaf ts , 
G e a r s , Cab le , e t c . , for Modified 
D r i v e s 954 

$32,918 
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(?) Fuel Assembl ies 

(i) Eight Dummy Fuel Assembl ies $ 745 
(ii) Twenty Type-Two Fuel Assembl ies 11,620 

(iii) Nineteen Beryl l ium Cylinders 6,235 
(iv) Nineteen Outer Fuel Tubes 

(in r e se rve ) 8,574 
(v) Four Fue l - s to rage Drums 422 

(vi) Fifty Nose P ieces , Inlets, and 
Thimble Seats 38 

(S) Reactor Console and Instrumentation 

(i) Master Console 
Additional Instrumentation 

(ii) Four - ins t rument Thimbles 
(iii) E lec t rometer 
(iv) Background Recorder 
(v) Three Background Monitors 

(vi) Per iod Meter 
(vii) Safety Tr ip Circui ts 

(viii) Electronic Galvanometer 
(ix) Automatic Control Circuit 

(9) Biological Consoles 

$27,634 

$55,084 
3,000 

705 
485 

1,554 
1,985 
1,461 
6,300 
3,901 
4,118 

$78,593 

(i) Two Instrumented Consoles $32,000 
(ii) Remote Background Monitors 1,985 

(iii) Remote Background Recorders 1,554 
$35,539 

(10) Neutron Shutters and Drives 

(i) Neutron Shutters $18,277 
Micro Switches, Tubing, Junc
tion Boxes, Solenoid Valves, 
F ix tures , etc. 3,121 

(ii) Six Nopak Air Cylinders 3,300 
(iii) Air Storage Tank 146 

$24,844 

(11) Pneumatic Rabbit Faci l i ty 

(i) Rabbit Assembly Housing $ 1,725 
(ii) Outer Shield Plug Assembly 9,089 

(iii) Extension Tube and Seal Housing 4,421 
(iv) Automatic Timer and Control 7,600 

$22,835 



Gas Holder and Circulating System 
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(i) Gas Holder $ 1,051 
(ii) Catalyst Chamber 853 

(iii) Tubing, Gages, Pipe, Fittings, 
Flowmeters, Blower, etc. 823 

(l5) Subcontracted Construction 

$ 2,727 

(13) Neutron Startup Source 

(i) Source Assembly $ 2,911 
f 

(14) Installation and Additional Costs 

(i) Engineering for Concrete 
Encasements 

(ii) Concrete Pad for Steel Shell 
(iii) Concrete Poured Shielding 
(iv) Preparation of Converter Plate 

Areas 
(v) Reactor Cooling System Screen 

(vi) Lead Walls for High- and 
Low-dose Faces 

, (vii) Changes in above Lead Walls 
(viii) Graphite Reflector and Thermalizer 

(ix) Removable Graphite Sections 
. •, (x) "Janus" Piping Systems 

(xi) Helium Control System 
(xii) Assembly and Installation of 

Reactor Components 

169 
1,973 
2,800 

1,300 
523 

10,695 
1,354 
2,936 
446 

9,400 
1,614 

57,170 
$ 90,380 

(i) Steel Cases for Pedestals, 
Shutters and Floor Shielding 
Blocks $ 91,735 

(l6) Miscellaneous Items 

(i) Fire Prevention Equipment 
(ii) Graphic Arts Services 

(iii) General Materials and Supplies 

$ 

$ 

350 
300 

5,410 
6,060 

Total Costs Part (a) $600,518 



b. I r radia t ion Faci l i ty Building 

(1) P re l im ina ry Design $ 2,000 

(2) Engineering Design 10,752 

(3) Field Engineering and Inspection 2,100 

(4) Construction (contracted) 107,536 

Total Costs P a r t (b) $122,388 

Total Cost of the "Janus" Faci l i ty $722,906 
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