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F I N A L S A F E T Y ANALYSIS R E P O R T ON 
THE USE OF P L U T O N I U M IN Z P R - 6 AND -9 

by 

W. Y. K a t o , G. K. R u s c h , 
L . R. D a t e s , C . E . T i l l , 

A. A n c a r a n i , J . van D o o r n i n c k , 
C. L . C h e e v e r , and E . M. Bohn 

A B S T R A C T 

The F i n a l Safe ty A n a l y s i s R e p o r t d e s c r i b e s the A r g o n n e s p l i t - t a b l e 
type c r i t i c a l f a c i l i t i e s , Z P R - 6 and -9 l o c a t e d a t the I l l i no i s S i t e , t he m o d i f i ­
c a t i o n s wh ich w^ere m a d e to the r e a c t o r c e l l s and f a c i l i t i e s , and a n a l y z e s 
the h a z a r d s a s s o c i a t e d wi th the u s e of up to 1400 kg of p l u t o n i u m fuel in 
e a c h of the f a c i l i t i e s . 

M o d i f i c a t i o n s to the c e l l s to i m p r o v e t h e i r c o n t a i n m e n t c h a r a c ­
t e r i s t i c s w e r e n e c e s s a r y to l i m i t e x p o s u r e s to o n - s i t e p e r s o n n e l to l e s s 
than 0.1 m a x i m u m p e r m i s s i b l e body b u r d e n s for p l u t o n i u m ( ICRP v a l u e s ) 
u n d e r d e s i g n b a s i s a c c i d e n t c o n d i t i o n s . T h e s e m o d i f i c a t i o n s i n c l u d e d the 
c o n s t r u c t i o n of: (1) a 3 / l 6 - i n . t h i c k s t e e l c o n f i n e m e n t she l l o v e r the two 
b l a s t - r e s i s t a n t h igh ly r e i n f o r c e d c o n c r e t e c e l l s ; (2) an e m e r g e n c y sand 
f i l t e r and a double bank H E P A f i l t e r e x h a u s t s y s t e m wi th a t o t a l p a r t i c u l a t e 
a t t e n u a t i o n of about 10^ c o n n e c t e d to a 150-f t s t a c k ; (3) s p e c i a l a i r l o c k s to 
m a i n t a i n n e g a t i v e p r e s s u r e s in r o o m s a d j a c e n t to the c e l l s w h i c h could no t 
be c o v e r e d wi th the s t e e l s h e l l ; and (4) a s t e a m t u r b i n e g e n e r a t o r a s a 
s o u r c e for e m e r g e n c y p o w e r . M o d i f i c a t i o n s to the f a c i l i t i e s i nc luded : 
(1) new t ab l e d r i v e m o t o r s for the r e a c t o r s to d e c r e a s e the s p e e d for m e ­
c h a n i c a l r e a c t i v i t y add i t ion ; (2) a p o w e r feed r a i l s y s t e m for the d r i v e 
m o t o r s to i n s u r e p r o p e r t a b l e s p e e d s ; and (3) an a i r - c o o l i n g s y s t e m to 
r e m o v e h e a t f r o m the c o r e due to a lpha a c t i v i t y . 

In add i t ion , for p e r s o n n e l p r o t e c t i o n the fo l lowing w e r e i n s t a l l e d : 
(1) h igh s e n s i t i v i t y i m p a c t o r - t y p e p l u t o n i u m a i r - m o n i t o r i n g e q u i p m e n t ; 
(2) s p e c i a l p r o c e s s i n g hoods for l o a d i n g and u n l o a d i n g of d r a w e r s ; and 
(3) an e m e r g e n c y s u r v e i l l a n c e s t a t i o n . 

R e a c t o r o p e r a t i n g p r o c e d u r e s and the p r i n c i p l e s of r e a c t o r m a n a g e ­
m e n t a r e d i s c u s s e d in d e t a i l . The r e p o r t c o n c l u d e s wi th a d i s c u s s i o n of a 
m a x i m u m c r e d i b l e a c c i d e n t and a d e s i g n b a s i s a c c i d e n t . The a n a l y s i s of 
the h y p o t h e t i c a l d e s i g n b a s i s a c c i d e n t in w h i c h r e a c t i v i t y i s c o n t i n u o u s l y 
added , wi th no shu tdown c o n t r o l m e c h a n i s m s o p e r a b l e , and shu tdown o c ­
c u r r i n g only by m e l t i n g of fuel shows t h a t the m o d i f i c a t i o n s m o r e t h a n 
a d e q u a t e l y l i m i t the a m o u n t of r a d i o a c t i v e p a r t i c u l a t e r e l e a s e d to the 
a t m o s p h e r e . 



C h a p t e r I 

INTRODUCTION AND SUMMARY 

The 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 h a s in o p e r a t i o n a t the I l l i no i s S i te 
two sp l i t t ab l e type c r i t i c a l f a c i l i t i e s , Z P R - 6 ( F i g . I - l ) and Z P R - 9 , i n v e s t i ­
ga t ing the p h y s i c s of f a s t r e a c t o r s y s t e m s s i n c e J u l y 1963 and J a n u a r y 1964, 
r e s p e c t i v e l y . A u t h o r i z a t i o n for the u s e of ^U a s fuel in c o r e s h a v i n g v o l ­
u m e s up to about 3700 l i t e r s and c o n t a i n i n g up to about 1644 kg U is b a s e d 
on the follo'wing d o c u m e n t s : 

Safe ty A n a l y s i s R e p o r t , A r g o n n e F a s t C r i t i c a l F a c i l i t y ( Z P R - 6 ) 
A N L - 6 2 7 1 (Ref, 1); Safe ty A n a l y s i s for the Z P R - 9 A s s e m b l y , An A d d e n d u m 
to A N L - 6 2 7 1 (Ref. 2); l e t t e r s , K, D u n b a r to A. V. C r e w e d a t e d A p r i l 14, 1966 
(Ref. 3), K. D u n b a r to R. B . Duffield d a t e d D e c e m b e r 13 , 1967 a n d G . K . R u s c h 
and R. A, K a r a m (Refs . 4 and 5), 

S ince the b e g i n n i n g of o p e r a t i o n of Z P R - 6 and - 9 , a n u m b e r of ^^^U 
fue led a s s e m b l i e s (as r e p o r t e d in R e f s . 6 -13 ) h a v e b e e n i n v e s t i g a t e d in 
t h e s e f a c i l i t i e s . T h e a s s e m b l i e s s t u d i e d have r a n g e d f r o m r e l a t i v e l y s m a l l 
(100-500 l i t e r s ) ^^^U o r t u n g s t e n b a s e d c o r e s , to about 3700 l i t e r u r a n i u m 
oxide a s s e m b l i e s . S y s t e m s wi th a d e p l e t e d u r a n i u m b l a n k e t and a n u m b e r 
of a l u m i n u m , a l u m i n u m ox ide , and b e r y l l i u m oxide r e f l e c t e d a s s e m b l i e s 
have b e e n s t u d i e d . A l though the b a s i c fuel i s of m e t a l c o m p o s i t i o n , oxide 
and c a r b i d e c o r e c o m p o s i t i o n s have b e e n s t u d i e d by u s i n g u r a n i u m ox ide , 
i r o n oxide and g r a p h i t e p l a t e s to i n t r o d u c e oxygen o r c a r b o n into the s y s t e m . 

T h e r e is n e e d for i n t e g r a l e x p e r i m e n t a l p h y s i c s da t a of l a r g e d i lu te 
p l u t o n i u m fueled f a s t r e a c t o r s b e c a u s e of the n a t i o n a l L M F B R p r o g r a m . 
M o d i f i c a t i o n s h a v e b e e n m a d e to the Z P R - 6 and -9 f a c i l i t i e s in o r d e r t h a t 
p l u t o n i u m m a y be u s e d a s fuel and thus fulfill the n a t i o n a l r e q u i r e m e n t s for 
a d d i t i o n a l l a r g e p l u t o n i u m fueled f lex ib le c r i t i c a l f a c i l i t i e s . The m o d i f i c a ­
t i o n s i n c l u d e : (1) the c o n s t r u c t i o n of a c o n f i n e m e n t she l l o v e r the two 
r e a c t o r c e l l s ; (2) the add i t i on of an e m e r g e n c y sand f i l t e r e x h a u s t s y s t e m ; 
(3) i n s t a l l a t i o n of s p e c i a l p r o c e s s i n g hoods for l oad ing and un load ing of fuel 
d r a w e r s ; (4) i n s t a l l a t i o n of s p e c i a l m o n i t o r i n g e q u i p m e n t ; (5) n e w m o t o r s 
and s p e c i a l p o w e r feed r a i l s for the t a b l e s ; and (6) c o n s t r u c t i o n of a new 
vau l t for s t o r a g e of u r a n i u m and p l u t o n i u m f u e l s . The c o n s t r u c t i o n and 
i n s t a l l a t i o n of t h e s e m o d i f i c a t i o n s w e r e a u t h o r i z e d on the b a s i s of a 
P r e l i m i n a r y Safe ty A n a l y s i s R e p o r t (Ref. 14) and the a p p r o v a l l e t t e r , 
K. A. D u n b a r to W. M, M a n n i n g (Ref, 15). T h i s r e p o r t d i s c u s s e s the d e t a i l s 
of the m o d i f i c a t i o n s a s we l l a s the h a z a r d s a s s o c i a t e d wi th the u s e of p l u t o ­
n i u m f u e l s . 

T h e g e n e r a l s c o p e of the e x p e r i m e n t a l p r o g r a m wi l l be b a s i c a l l y the 
s a m e a s t h a t ou t l i ned in the SAR, A N L - 6 2 7 1 , but a l t e r e d to inc lude the u s e 
of p l u t o n i u m fuel . It i s p r o p o s e d to i n v e s t i g a t e the p h y s i c s p a r a m e t e r s of 
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both u n i f o r m l y and zone l o a d e d s y s t e m s u s i n g p l u t o n i u m and U f u e l s . 
M e a s u r e m e n t of p h y s i c s p a r a m e t e r s s u c h a s c r i t i c a l m a s s , r e a c t i v i t y p e r ­
t u r b a t i o n m e a s u r e m e n t s of v a r i o u s m a t e r i a l s , s p e c t r a , flux and p o w e r 
d i s t r i b u t i o n s , and D o p p l e r effect wi l l be c a r r i e d out . 

E x c e p t for the r a d i o l o g i c a l h a z a r d s , the r e a c t o r s a f e ty c h a r a c t e r ­
i s t i c s of p l u t o n i u m - f u e l e d a s s e m b l i e s a r e no t v e r y d i f f e ren t f r o m U fueled 
a s s e m b l i e s of the s a m e g e n e r a l t y p e . The only s ign i f i can t d i f f e r e n c e in ­
h e r e n t wi th the u s e of p l u t o n i u m i s the s m a l l e r v a l u e of the d e l a y e d n e u t r o n 
f r a c t i o n , j3. The o p e r a t i n g k i n e t i c s of the s y s t e m wil l be k e p t the s a m e by 
r e d u c i n g the m a x i m u m r a t e a t wh ich r e a c t i v i t y can be i n s e r t e d by c o n t r o l 
r o d and t a b l e m o t i o n for the i n t e r m e d i a t e and s low c l o s u r e s p e e d s by 
a p p r o x i m a t e l y a f a c t o r of 3 (the r a t i o of the d e l a y e d n e u t r o n f r a c t i o n s for 

U and p l u t o n i u m ) . 

T h e r a d i o l o g i c a l h a z a r d s h o w e v e r , a r e qui te d i f f e ren t for the two 
f u e l s . The h igh a lpha a c t i v i t y of p l u t o n i u m , i t s long b i o l o g i c a l l i f e t i m e and 
i t s bone s e e k i n g c h a r a c t e r c o m b i n e to s e t v e r y low m a x i i n u m body b u r d e n s 
for al l p l u t o n i u m n u c l i d e s . T h i s i s r e f l e c t e d in two m a j o r s a f e ty a r e a s - -
m o r e e l a b o r a t e p r o c e d u r e s for h a n d l i n g the fuel and m o r e s t r i n g e n t c o n ­
t a i n m e n t r e q u i r e m e n t s . 

B a s e d on the a c c u m u l a t e d e x p e r i e n c e in h a n d l i n g p l u t o n i u m at the 
I l l i no i s and Idaho S i t e s of ANL, hand l ing p r o c e d u r e s have b e e n spec i f i ed 
tha t wi l l p r e s e n t no u n a c c e p t a b l e h a z a r d s to p e r s o n n e l . 

S ign i f i can t m o d i f i c a t i o n s to the e x i s t i n g f ac i l i t y t ha t wi l l i n s u r e t h a t 
t h e r e i s no i n c r e a s e d h a z a r d to the s u r r o u n d i n g a r e a o r to the L a b o r a t o r y 
Si te i t s e l f a r e p r o p o s e d . T h e c o n t a i n m e n t c o n c e p t i s b a s e d on 5 m a i n 
e l e m e n t s : 

(1) P l u t o n i u m fuel p i e c e s i nd iv idua l ly c o n t a i n e d in 1 5 - m i l s t a i n l e s s 
s t e e l j a c k e t s . 

(2) P r i m a r y c o n t a i n m e n t a f fo rded by the e x i s t i n g b l a s t - r e s i s t a n t 
r e i n f o r c e d c o n c r e t e c e l l s , 

(3) A c o n f i n e m e n t she l l t h a t e n c l o s e s the c o n c r e t e c e l l s in a s u b -
a t m o s p h e r i c p r e s s u r e e n v i r o n m e n t , c o l l e c t i n g any g a s e o u s o r p a r t i c u l a t e 
l e a k a g e f r o m the c e l l . 

(4) I n s t a l l a t i o n of an e m e r g e n c y v e n t i n g s y s t e m for the c e l l s c o n ­
s i s t i n g of a s a n d f i l t e r , two b a n k s of H E P A f i l t e r s and a 46 m s t a c k . T h e 
u s e of the e m e r g e n c y v e n t i n g s y s t e m wi l l naa in ta in ce l l i n t e g r i t y even if 
the ce l l p r e s s u r e w e r e to r i s e u n d e r e x t r a o r d i n a r y c o n d i t i o n s , 

(5) T h e eff luent f r o m the c o n f i n e m e n t she l l volunae, the e m e r g e n c y 
ven t ing and the n o r m a l a i r cond i t i on ing in the ce l l , c o n t r o l r o o m , vau l t and 



vau l t w o r k r o o m s i s d i s c h a r g e d t h r o u g h an e x h a u s t a r r a n g e m e n t c o n s i s t i n g 
of b a n k s of h igh e f f ic iency a b s o l u t e (HEPA) type f i l t e r s in s e r i e s wi th a 
d i s c h a r g e s t a c k 46 m in he igh t . 

In e s s e n c e , the ce l l and she l l p r o v i d e p r o t e c t i o n a g a i n s t e x t e r n a l 
c o n s e q u e n c e s of a n u c l e a r i n c i d e n t and the sand f i l t e r s y s t e m p r o t e c t s 
a g a i n s t the c o m p o u n d i n g ef fec ts of a s e v e r e m e t a l f i r e , o r the ef fects of 
a f i r e a l o n e . 

V a r i o u s a c c i d e n t s a r e c o n s i d e r e d and a r e d i s c u s s e d in t h i s r e p o r t . 
T h e n a a x i m u m c r e d i b l e a c c i d e n t i s c o n s i d e r e d to r e s u l t f r o m c r i t i c a l i t y 
o c c u r r i n g wi th the h a l v e s c l o s i n g a t i n t e r m e d i a t e speed , wi th a l l t r i p 
c i r c u i t s i n o p e r a b l e e x c e p t for a s ing le s a f e ty o r h igh l e v e l t r i p , and th i s 
t r i p be ing s e t so h igh tha t the e x c u r s i o n i s only s e n s e d when the r e a c t o r 
r e a c h e s p ronap t c r i t i c a l . T h i s i s d i r e c t l y a n a l o g o u s to the m a x i m u m 
c r e d i b l e a c c i d e n t c o n s i d e r e d in the o r i g i n a l s a fe ty a n a l y s i s r e p o r t . T o 
p r o v i d e a d i r e c t c o m p a r i s o n wi th the a n a l y s i s in the o r i g i n a l r e p o r t , wh ich 
a n a l y z e d t h i s a c c i d e n t on a 50 l i t e r c o r e , an a n a l o g o u s 50 l i t e r c o r e i s a l s o 
a n a l y z e d in t h i s r e p o r t . The r e s u l t s show t h a t the change in sys tenn c h a r ­
a c t e r i s t i c s c a u s e d by the change of fuel to p l u t o n i u m do not s i gn i f i can t ly 
affect the c o n c l u s i o n s of the o r i g i n a l a n a l y s i s . T h e a n a l y s i s is t hen r e ­
p e a t e d for a n o m i n a l 3500 l i t e r c a r b i d e m o c k u p , wh ich is c o n s i d e r e d to be 
m u c h m o r e t y p i c a l of the c o r e s l i ke ly to be bu i l t on t h e s e f a c i l i t i e s , and 
wh ich v/as t h e r e f o r e c h o s e n a s the r e f e r e n c e c o r e for t h e s e and s u b s e q u e n t 
c a l c u l a t i o n s . T h e c o n c l u s i o n in e a c h c a s e w a s tha t the m a x i m u m c r e d i b l e 
a c c i d e n t can r e s u l t in a s u b s t a n t i a l i n c r e a s e in the fuel t e m p e r a t u r e (200°C 
for the fuel t e m p e r a t u r e and 2.3 x 10 f i s s i o n s for the to t a l e n e r g y r e l e a s e 
for the 50 l i t e r c a s e and 58°C for the fuel t e m p e r a t u r e and 4,6 x 10^^ f i s s i o n s 
for the e n e r g y r e l e a s e for t h e 3500 l i t e r c o r e ) , but the m a x i m u m fuel t e m ­
p e r a t u r e does no t a p p r o a c h the ign i t ion po in t of the fuel and t h e r e i s l i t t l e 
l i ke l i hood of r e l e a s e of r a d i o a c t i v i t y . 

The f a i l u r e of a l l i n t e r l o c k and t r i p c i r c u i t s coupled wi th the c o m ­
p l e t e b r e a k d o w n of a d m i n i s t r a t i v e c o n t r o l s and o p e r a t i o n wi th to t a l d i s r e g a r d 
for the s t a t e of the r e a c t o r i s no t c o n s i d e r e d c r e d i b l e n o r in the g e n e r a l 
r e a l m of p o s s i b i l i t y . In o r d e r , h o w e v e r , to d e m o n s t r a t e how the r e a c t o r 
c e l l s and a n c i l l a r y e q u i p m e n t can a d e q u a t e l y h a n d l e a s e v e r e n u c l e a r a c c i ­
dent , an a c c i d e n t a l n u c l e a r e x c u r s i o n of a v e r y l a r g e m a g n i t u d e d e s i g n a t e d 
a d e s i g n b a s i s a c c i d e n t (DBA) i s h y p o t h e s i z e d and a n a l y z e d . T h i s a c c i d e n t 
r e p r e s e n t s an e x c e e d i n g l y s e v e r e one but i s no t to be c o n s i d e r e d the m a x i ­
m u m c o n c e i v a b l e a c c i d e n t . T h e d e s i g n b a s i s a c c i d e n t wh ich i s e n t i r e l y 
h y p o t h e t i c a l i s a n a l y z e d e s s e n t i a l l y a s an a id in e s t a b l i s h i n g the a d e q u a c y 
of the c o n t a i n m e n t s y s t e m d e s i g n . 

In o r d e r to h y p o t h e s i z e a s e v e r e n u c l e a r a c c i d e n t w h i c h t a x e s the 
c o n t a i n m e n t c a p a b i l i t y of the ce l l , the MCA ( i n t e r m e d i a t e s p e e d c r i t i c a l i t y 
a c c i d e n t ) wi th the n o m i n a l 3500 l i t e r c o r e i s c o n s i d e r e d . In add i t ion to 



postulat ing that the reac tor is overloaded so that it becomes cr i t ica l at 
in termedia te speed, the low^ level t r ip and per iod t r ip c i rcui t s inoperat ive, 
it is further postulated that all high level t r ip c i rcui t s a re inoperable and 
the r eac to r ope ra to r s continuously add react ivi ty d i s regard ing the state of 
the r eac to r . This accident is analyzed using a point r eac to r kinetics code 
which has been coupled to severa l subroutines which calculate the neutronic 
and excurs ion t empera tu re dis tr ibut ion using appropr ia te constants for heat 
conductivity, metal burning ra t e s and the cell p r e s s u r e as a function of t ime . 

The hypothetical DBA analysis resu l t s in the melt ing and burning of 
about 60 kg of plutonium and the vaporizat ion of about 22 kg of sodium and 
the production of 2,7 x 10 ° f i ss ions . The resul t ing cell p r e s s u r e reaches 
a max imum of about 35 ps ia . The emergency venting sys t em preven ts 
further buildup in cell p r e s s u r e . The total amount of plutonium which 
reaches the a tmosphere is no g rea t e r than 60 mg. This r e su l t s in inhalation 
haza rds of 7.4 x 10" mpbb at 225 m under the average wors t meteorologica l 
conditions. This is about a factor 150 l e s s than the AEC cr i t e r ion of no 
m o r e than 0.1 mpbb to an obse rve r at the n e a r e s t facility under DBA condi­
t ions. The doses to an obse rve r from the noble gases and radioiodine 
fission products a re 44 Rem at 225 m and 20 Rem at 1300 m to the n e a r e s t 
site boundaries assuming (1) low wind conditions, and (2) total instantaneous 
r e l ea se (no holdup in r eac to r cell) up the stack of all noble gas fission 
products from the 2,7 x 10 " total f i ss ions . 

It is concluded that the Z P R - 6 and -9 facil i t ies naay be operated 
using plutonium fuel at the Argonne, Ill inois Site of Argonne National 
Labora to ry without undue r i sk to the health and welfare of the general 
public in the vicinity of the Labora to ry or to Labora to ry personnel , 
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Chapter II 

PROPOSED EXPERIMENTS 

A. Introduction 

Cr i t ica l exper iment studies of fast r e a c t o r s a re conducted to p r o ­
vide accura te integral information which, in conjunction with theore t ica l 
s tudies , supply physics information requ i red in the design of economic 
l a rge fast b r e e d e r r e a c t o r s . Although in pr inciple it is possible to design 
la rge r e a c t o r s using mic roscop ic nuclear data alone, in p rac t i ce the 
accuracy of the data requ i red is such that design needs mus t be la rge ly 
supplied by carefully selected in tegral exper imen t s . Such exper iments 
a re designed in close conjunction with theore t ica l and analytical studies of 
la rge fast r e a c t o r s to insure that the data cor respond to the p r o g r a m m a t i c 
needs . 

The uses for a c r i t i ca l facility a r e twofold: F i r s t , exper iments a r e 
c a r r i e d out to invest igate the ability to p red ic t the perfornaance of r eac to r s 
from calculat ions based on fundamental or adjusted p a r a m e t e r s . E x p e r i ­
ments a re designed specifically to es tabl ish a bas is for judging calculational 
methods and adjusting p a r a m e t e r s . Some examples of this function a r e : 

(a) Determinat ion of c r i t ica l size or c r i t ica l enr ichment for power 
reac to r composit ion. Integral studies a r e per formed on la rge u ran ium and 
plutonium fueled sys tems in o rde r to obtain the bas ic s tat ic cha rac t e r i s t i c s 
of such s y s t e m s . Diagnostic sequences of exper iments a r e made to provide 
data on clean plutonium fueled sys t ems . Zoned studies a r e per formed to 
validate the method and to obtain some of the cha rac t e r i s t i c s of la rge s y s ­
t ems with much reduced m a t e r i a l inventor ies . Flux and power distr ibut ions 
a re m e a s u r e d . 

(b) Measu remen t of react iv i ty effects such as t empera tu re coeffi­
cients , control rod effectiveness, blanket composit ions and effectiveness. 

(c) Investigation of heterogenei ty effects to a s s u r e that such effects 
in the cr i t ica l faci l i t ies , or in the associa ted r e a c t o r s , a re understood and 
that any n e c e s s a r y cor rec t ions a re made . 

(d) Measu remen t s re la ted to the determinat ion of the neutron 
spec t rum and the adjoint function (inaportance), 

(e) Determinat ion of paranae te rs that are re levant to the predict ion 
and unders tanding of the long t e r m behavior of the operat ing r eac to r . An 
example of such a quantity is the cap ture- to- f i ss ion ratio of the f issi le 
i so topes . Studies re la ted to the effects of the higher plutonium isotopes a r e 
made exper imenta l ly by the use of zones containing such naaterial . 
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Second, the facil i t ies a r e used as a p roof - tes t of p roposed r e a c t o r 
des igns . In these exper iments , a r eac to r design is studied to verify that it 
perfornas as expected, and empi r i ca l de terminat ions of the n e c e s s a r y co r ­
rec t ions for such p a r a m e t e r s as composit ion, control rod consti tution and 
power dis tr ibut ion a r e experinaentally made . 

The pr incipal objective of the c r i t i ca l experinaent p r o g r a m is 
essent ia l ly to improve the util i ty and efficiency of in tegra l fast r eac to r 
measurenaents by a p r o c e s s of compar ison of exper imenta l and calculated 
data followed by at tempted identification of the causes of any d i s c r epanc i e s . 
In genera l , the course followed is : (a) a c r i t i ca l examination of the accu racy 
of the in tegra l p a r a m e t e r being invest igated; (b) compar i son of the m e a s u r e d 
values with those calculated using one or m o r e s tandard c r o s s section se ts 
and identification of d i sc repanc ies outside the range of exper imenta l e r r o r ; 
(c) examination of the bas ic nuclear data to a s s e s s the accuracy of the 
mul t igroup c r o s s section se t s ; (d) p roposa l s for naodification of the in tegra l 
m e a s u r e m e n t s to improve the i r validity; and (e) if n e c e s s a r y , the suggested 
developnaent of improved or new experinaental techniques to aid in elucidating 
the causes of d i sc repanc ie s . 

B. Authorization Request 

This r e p o r t r eques t s the additional authorizat ion to invest igate 
plutonium fueled sys tems naocking up naetal, oxide and carbide a s s e m b l i e s 
having core volumes as l a rge as about 3500 l i t e r s and containing up to about 
1400 kg of f iss i le plutoniuna in each of the two faci l i t ies , Z P R - 6 and - 9 . 
(Both faci l i t ies a r e cur ren t ly authorized to invest igate ^^U fueled sys t ems 
having core volumes up to about 3700 l i t e r s . ) It is ant icipated that both 
uniform and zoned co res will be built . In uniform sys t ems e i ther plutoniuna 
or ^̂ ^U fuel in the form descr ibed in Chapter V naay be used . 

F o r zoned sys t ems plutonium, which is undiluted by ^^U, enr iched 
^̂ ^U or the ^^^U-diluted plutoniumi alloy may be used. The use of undiluted 
plutonium fuel will be r e s t r i c t e d in amount so that the reac t iv i ty worth of 
such fuel will consti tute no more than 25% of the total reac t iv i ty of the core , 
defined by 

f 
I undiluted 

^ fuel region" 

<I)*(r)$(r,E)v(E)Zf(r,E) dEdr 

en t i re 
core 

0*(r)0(r ,E)v(E)2f(r ,E) dEdr 

< 0 .25 

where 

<I)(r,E). 0*(r) , v(E) and 2f(r ,E) 



22 

a re the neutron flux, average fission neutron impor tance , the neutrons pe r 
fission and the macroscop ic fission c ros s section at point r and energy E . 

The Z P R - 6 and -9 faci l i t ies a re cur ren t ly authorized to use up to 
1 kg of ^̂ ^U in smal l "danger" coefficient or Doppler effect sanaples. The 
haza rds assoc ia ted with the use of up to 1 kg of U has been d iscussed in 
detail in ANL-6271. It is proposed to maintain this l imitat ion of 1 kg for 

U in the studies proposed in this safety analysis r epor t . 

C. C h a r a c t e r i s t i c s of Typical Cores 

La rge flexible c r i t i ca l facil i t ies such as ZPPR, Z P R - 6 and -9 may 
be used to study many different types of core conapositions and geonaetr ies . 
Since it is inapossible to foresee and descr ibe all of the poss ible cores to be 
studied on Z P R - 6 and -9 , this section will consider only typical r e p r e s e n t a ­
tive co res which may be studied on these faci l i t ies . 

P a r a m e t e r s which will be m e a s u r e d will vary from assembly to 
assembly . In general , they may include those l is ted below. 

(a) Cr i t i ca l m a s s . 

(b) Control rod cal ibrat ion. 

(c) Neutron flux and power dis tr ibut ion using foils or counte rs . 

(d) Neutron spec t r a using in -co re de tec tors or t ime-of-f l ight 
techniques . 

(e) Spect ra l indices using threshold fission de tec to rs , nuclear 
emuls ions and radiat ion danaage de tec to r s . 

(f) Mate r i a l worth m e a s u r e m e n t s using simple m a t e r i a l r e p l a c e ­
ments naethods, osc i l la tor , and remote controlled sanaple 
changers . 

(g) ^/l using noise analysis and pulsed neutron techniques . 

(h) Doppler effect m e a s u r e m e n t s of var ious m a t e r i a l s using 
stat ic or osci l lat ion techniques . 

1. Core P a r a m e t e r s 

The c h a r a c t e r i s t i c s of typical cyl indrical co res with the L / D ~ 1 
in the range of i n t e r e s t for the experinaental p r o g r a m a r e l i s ted in Table I I - l 
The cores a r e ref lected with 30 cm of blanket, axially and radial ly , with the 
composit ions given in Table I I -2 . Except as noted, the calculat ions were 
done with the one-dinaensional naultigroup diffusion code Mach 1 (Ref. 1) 
using the ANL 22-group c r o s s section set 224. The physics c ha r a c t e r i s t i c s 
and reac t iv i ty coefficients re levant to safety a r e sufficiently sinailar for 



oxide and carbide a s sembl i e s , that only carbide and metal core c h a r a c t e r ­
i s t ics a re given. The p r i m a r y difference between the carbide, oxide or meta l 
cores will be a small difference in the overal l Doppler coefficients because 
of differences in neutron spec t ra . The carbide values a r e approximately 
represen ta t ive of ce r amic co re s , whether oxide or carbide . These cores 
provide the reference data for the analyses ca r r i ed out in the subsequent 
section of this r epor t . 

Table II- l 

CHARACTERISTICS OF TYPICAL Pu REACTORS 

Type of C o r e 

N o m i n a l V o l u m e , l i t e r s 

A c t u a l V o l u m e , l i t e r s 

R a d i u s , c m 

Heigh t , c m 

L / D Ra t io 

P u M e t a l 

5 0 0 

591 

46 8 

86 0 

0 92 

3500 

3469 

84 0 

156 3 

0 93 

50 

50 3 

20 0 

40 0 

1 0 

P u C a r b i d e 

5 0 0 

5 9 0 

46 7 

86 0 

0 92 

3500 

3466 

84 0 

156 3 

0 93 

Crit ical Mass 

(kg fissile isotope) 

Volume Frac t ions , % 

" ' P u 

"°Pu 

^*'Pu 
"5u 

U 

M o 

C 

N a 

S S 

y 

Pe 

'v 
P. 

N f e r t i l e 
N f i s s i l e 

f f x l O - ^ 

X 10"' ' , s e c 

Ih /% Ak 

390 

7.37 

3 57 

1.38 

978 9 

1506 

11.9 

3 62 

1 97 

985 8 

75 4 

3.56 

3 37 

0 744 

988 2 

370 

4.50 

3 20 

2 28 

1027 

1354 

3 46 

0 483 

0 0806 

0 0278 

25 .54 

0 403 

45 0 

20 0 

2 28 

0 318 

0 0530 

0 0388 

27 05 

0 265 

45 0 

20 0 

7 87 

1 10 

0 183 

0 0029 

28 0 

0 92 

21 .97 

15 0 

19 9 

3.30 

0 460 

0 0766 

0 0074 

14 80 

0 383 

10 97 

45 0 

20 0 

2 05 

0 286 

0 0477 

0 0190 

16 40 

0 239 

10 95 

45 0 

20 0 

8 0 

3 27 

3 70 

1033 

Table n - 2 

BLANKET VOLUME FRACTIONS, % 

I s o t o p e 

238u 

235u 

C 

N a 

P u M e t a l 

61 876 

0 124 

20 00 

S y s t e m 

P u C a r b i d e 

39 341 

0 079 

22 580 

20 00 

I so tope 

F e 

C r 

N i 

P u M e t a l 

9 94 

2 66 

1.40 

S y s t e m 

P u C a r b i d e 

9 94 

2.66 

1.40 
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2. Reactivity Coefficients 

a. Centra l Drawer Mater ia l Worths 

The effect on react ivi ty of the renaoval of the centra l d rawer 
from both halves of the a s sembly and the effect of substituting a full d rawer 
of fuel plates for this d rawer is given in Table I I -3 . The effect of subs t i ­
tuting a d rawer of plutoniuna fuel p la tes is l e s s than substituting ^̂ ^U plates 
because of the U diluent in the plutonium fuel. 

Table 11-3 

CENTRAL DRAWER WORTHS (BOTH HALVES) 

System 

Reactivity Change % for; Pu Metal Pu Carbide 

500 £ 3500 £ 500 £ 3500 £ 

1. Central Drawer Removal -0.27 -0.052 

2. Substitution of a Full Drawer 
of Pu-U Alloy Fuel P la tes^ 
for a Central Drawer +1.72 +1.11 

-0.31 -0.061 

+1.75 +1.16 

^28 wt % Pu-69.5 wt % U-2.5 wt % Mo alloy fuel pla tes . 

The effect of renaoving the contents of the central d rawer and 
substituting other naaterials is shown in Table II-4. Each substi tute ma te r i a l 
occupied the full length of 5.1 x 5.1 sq cm c ros s section d rawer . The length 
of the d rawer corresponding to the length of the core under considerat ion. 

Table II-4 

WORTHS OF VARIOUS MATERIALS IN THE CENTRAL DRAWER (BOTH HALVES) 

Reactivity Change % for 
Removal of Central Drawer 
and .Substitution of 

Material 

U2 35 

U2 38 

1h2 32 

Paraffin 

Be 

C 

H2O 

Density-g/cc 

18.9 

19.7 

11.6 

0,89 

1.98 

1.9S 

1.0 

System 

Pu Metal 

500 I 

+6.65 

-0.63 

--

-1.00 

-0.64 

-0,47 

-1.19 

3500 i 

+4.78 

-0.30 

--

-0.63 

-0.39 

-0.23 

-0.73 

Pu Carbide | 

500 I 

+6,78 

-0.70 

--

-0.60 

-0.49 

-0.43 

-0.81 

3500 i 

+5.03 

-0.37 

--

-0.36 

-0.33 

-0.20 

-0.49 



b . E d g e D r a w e r W o r t h s 

The effect on r e a c t i v i t y of the r e m o v a l of a d r a w e r of c o r e 
m a t e r i a l s at the c o r e - b l a n k e t i n t e r f a c e and the effect of s u b s t i t u t i n g a full 
d r a w e r of fuel p l a t e s for the s a m e d r a w e r s a r e g iven in T a b l e I I - 5 . 

T a b l e I I - 5 

EDGE DRAWER WORTHS (BOTH HALVES) 

S y s t e m 

R e a c t i v i t y Change % for : P u M e t a l P u C a r b i d e 

500 i 3500 H, 500 jl 3500 H 

1, E d g e D r a w e r R e m o v a l - 0 . 0 5 5 - 0 . 0 0 8 - 0 . 0 6 3 - 0 . 0 0 9 

Z. S u b s t i t u t i o n of a F u l l D r a w e r 
of P u - U Al loy F u e l P l a t e s ^ 
for an E d g e D r a w e r +0.179 +0.045 +0.214 +0.093 

^28 wt % P u - 6 9 . 5 wt % U - 2 . 5 wt % Mo a l loy fuel p l a t e s . 

Subs t i t u t i on of o t h e r m a t e r i a l in p l a c e of the c o n t e n t s of 
the edge d r a w e r g ives r e a c t i v i t y c h a n g e s as shown in T a b l e I I - 6 . 

T a b l e I I -6 

WORTHS O F VARIOUS M A T E R I A L S IN 
AN EDGE DRAWER (BOTH HALVES) 

R e a c t i v i t y Change % for 
T-> 1 r TTj T-v S y s t e m 
R e m o v a l of E d g e D r a w e r _ 

and Subs t i t u t i on of: 

M a t e r i a l D e n s i t y 
" ^ U 18,9 

2 3 8 ^ ^(^j 

P u 

500 i 

+0,668 

- 0 . 0 4 5 

M e t a l 

3500 i 

+0 .174 

- 0 . 0 0 8 

P u C 

500 It 

+0.818 

- 0 . 0 5 4 

a r b i d e 

3500 i 

+0.233 

- 0 . 0 1 2 

232 T h 11,6 

c. D u a l - p u r p o s e and Safe ty Rod W o r t h s 

T y p i c a l w o r t h s of the 10 f u e l - b e a r i n g d u a l - p u r p o s e and the 
12 b o r o n - 1 0 s a f e ty r o d s for s o m e of the r e f e r e n c e c o r e s a r e shown in 
T a b l e I I - 7 . T h e d u a l - p u r p o s e r o d s w e r e a s s u m e d to con ta in c o r e c o m p o s i ­
t ion and the p o s i t i o n s in the c o r e of both d u a l - p u r p o s e and s a f e ty r o d s w e r e 
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ra ther a r b i t r a r i l y selected so that the calculat ions a re only i l lus t ra t ive of 
typical worths in these s y s t e m s . Where a deficiency in available shutdown 
is shown, the contents of the dual -purpose d r a w e r s or the posi t ions of e i ther 
of the rod types would in p rac t ice be adjusted to meet the shutdown r e q u i r e ­
men t s . The calculat ions were done by a l ter ing the ma te r i a l densi t ies in 
annuli concentr ic with the core center to account for the absence of the dual-
purpose rods or the p r e sence of boron-10 safety rods . 

Table II-7 

CONTROL AND SAFETY ROD WORTHS 

REACTIVITY % 

U-
Rod Configuration System 

500 i. Systems 

10 dual-purpose rods 
between 13 and 19 an radius 

12 B1° safety rods 
between 21 and 23 cm radius 

Total Shutdown 

Pu Metal 

-1.25 

-2.58 

-3.83 

Pu Carbide 

-1.42 

-3.60 

-5.02 

3500 I Systems 

2 d\]al-purpose rods 
between 14 and 20 cm radius 
and 8 dual-purpose rods 
between 20 and 26 cm radius 

12 B^° safety rods between 
32 and 34 cm radius 

Total Shutdown 

Pu Metal 

-0.25 

-1.58 

-1.83 

Pu Carbide 

-0.29 

-2.61 

-2.90 



d. F a t m a n Ef fec t s 

The h u m a n body i s a good m o d e r a t o r and in l a r g e a s s e m ­
b l i e s w h e r e the kg££ of a s ing le half i s h igh , the i n t r o d u c t i o n of m o d e r a t i n g 
m a t e r i a l b e t w e e n the h a l v e s should be c o n t r o l l e d . It h a s b e e n the p r a c t i c e 
to u s e B o r a l n e u t r o n s h i e l d s p l a c e d a g a i n s t the u n r e f l e c t e d f ace s of the 
s e p a r a t e d h a l v e s of the r e a c t o r w h e n e v e r l o a d i n g c h a n g e s a r e m a d e on the 
l a r g e r a s s e m b l i e s . The s h i e l d s have been u s e d un t i l F a t m a n effect m e a s ­
u r e m e n t s have shown the r e a c t o r to be s a f e . B o r a l s h i e l d s a r e a v a i l a b l e 
in 0 . 6 3 5 - and 1 . 2 7 - c m t h i c k n e s s e s . Two r o t a t i n g s e c t i o n s of the 1 .270 -cm 
th i ck B o r a l sh i e ld , one offset wi th r e s p e c t to the ax i s of r o t a t i o n of the 
o t h e r , a l low a c c e s s to any p o r t i o n of the c o r e whi le expos ing only a s m a l l 
f r a c t i o n of the c o r e f a c e . In add i t ion , a so l id 0 . 6 3 5 - c m t h i c k B o r a l s h i e ld 
nnounted in a s i m i l a r f r a m e w o r k is a v a i l a b l e to c o v e r the e n t i r e c o r e face 
of the o t h e r half of the r e a c t o r d u r i n g l o a d i n g o p e r a t i o n s . 

C a l c u l a t i o n s r e l e v a n t to t h i s p r o b l e m w e r e m a d e u s i n g 
M a c h 1 and ANL c r o s s s e c t i o n s e t 201 (which ex tends down to t h e r m a l 
e n e r g i e s ) . T h e F a t m a n effect w a s c o n s e r v a t i v e l y s i m u l a t e d by a s s u m i n g 
the e n t i r e n o r m a l l y u n r e f l e c t e d face of one of the s e p a r a t e d h a l v e s of the 
r e a c t o r w a s c o v e r e d wi th a s l a b of B e n e l e x . (Bene l ex h a s the fol lowing 
c o m p o s i t i o n in a t o m s / c m ^ H, 5,5 x l o " ; C, 3.4 x 10^^; O, 2.4 x l o " . ) The 
keff of o n e - h a l f of the c o r e w a s f i r s t c a l c u l a t e d . T h e n c a l c u l a t i o n s w e r e 
m a d e wi th B e n e l e x t h i c k n e s s e s of 20 and 50 c m a g a i n s t o n e - h a l f and 
r e p e a t e d wi th a 0 . 6 3 5 - c m th i ck s h e e t of B o r a l b e t w e e n the c o r e and B e n e l e x , 
( B o r a l h a s the fol lowing connposi t ion in a t o m s cm~^: Al, 4,6 x 10^^; 
B, 2,59 X 10^^ C, 0 .65 x 10^^.) The r e s u l t s a r e shown in T a b l e n - 8 . I t wi l l 

Table II-8 

FATMAN EFFECTS 

"effective 

Configuration 

Bare Half 

Bare Half + 20 cm Benelex 

Bare Half + 50 cm Benelex 

Bare Half + 1/4 in. Boral 
+ 20 cm Benelex 

System 

Pu Metal 

500 Z 

0.789 

0.886 

0,886 

0,807 

3500 i 

0,862 

0,905 

0,905 

0,866 

Pu Carbide 

5000 S. 

0,763 

0.880 

0,880 

0,785 

3500 I 

0,827 

0,882 

0.882 

0.833 

3500 il 1 
(L/D = 1/31 

0,608 

0,778 

0,778 

0,632 



be no ted tha t 20 c m of B e n e l e x c o n s t i t u t e s an e f fec t ive ly inf ini te r e f l e c t o r , 
and tha t the i n s e r t i o n of the 0 ,635 cna of B o r a l b e t w e e n the c o r e face and the 
B e n e l e x r e d u c e d the m u l t i p l i c a t i o n to v a l u e s v e r y l i t t l e above t h a t for the 
b a r e half a l o n e . 

It i s t h e r e f o r e conc luded t h a t whi le the F a t m a n effect m u s t 
be c a r e f u l l y i n v e s t i g a t e d and t h a t a d e q u a t e s a f e g u a r d s m u s t be e m p l o y e d to 
g u a r d a g a i n s t the u n e x p e c t e d , t h e r e i s no i nd i ca t i on t h a t the F a t m a n effect 
p r e s e n t s an o p e r a t i o n a l p r o b l e m o r a h a z a r d , 

e . W o r t h of Gap b e t w e e n H a l v e s 

R e a c t i v i t y c h a n g e s c a u s e d by s e p a r a t i o n of the h a l v e s w e r e 
c a l c u l a t e d by the m e t h o d ou t l i ned by T a m o r , ^ T h e r e a c t i v i t y l o s s as a func­
t ion of gap wid th for the v a r i o u s r e f e r e n c e c o r e s i z e s i s shown in F i g , I I - 1 , 

22 -I 

20 -

50 L CARBIDE 

Fig, n - l . Reactivity Loss vs Gap Width 
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S o m e c h e c k on the a c c u r a c y of the gap w o r t h c a l c u l a t i o n s 
i s p o s s i b l e f r o m the gap w o r t h m e a s u r e m e n t s m a d e on Z P R - 6 A s s e m ­
b l i e s 1 and 2 as r e p o r t e d in R e f s . 5 and 6. The m e a s u r e m e n t s w e r e m a d e 
on s m a l l gaps ( l e s s than a c e n t i m e t e r ) and s e r v e a s a p a r t i a l c h e c k on the 
gap w o r t h c a l c u l a t i o n . A s s e m b l y 1 w a s a 125 l i t e r m e t a l c o r e and A s s e m ­
bly 2 w a s a 650 l i t e r c a r b i d e c o r e . F i g u r e 11-2 is a p lo t of the v a r i a t i o n 
of gap w o r t h wi th c o r e s i z e for bo th c a r b i d e and m e t a l c o r e s a s c a l c u l a t e d 
by T a m o r ' s m e t h o d for a s e p a r a t i o n of 0.5 c m . The m e a s u r e d gap w o r t h s 
for the Z P R - 6 A s s e m b l i e s 1 and 2 a r e shown to a g r e e we l l bo th in m a g n i ­
tude and in the p r e d i c t e d v a r i a t i o n wi th c o r e s i z e . 

0.7 

0.6 

0.5 

^ OA 

> 0.3 -

0.2 -• 

0.1 -

0.0 

X CALCULATED 

0 MEASURED 

T—r T — I — 

100 
" 1 I I I I 

1000 50 200 600 
CORE VOLUME, liters 

2000 

Fig. II-2. 5 mm Gap Worth vs Core Size 

E x p a n s i o n Coef f i c i en t 

E x p a n s i o n of the fuel into a void s p a c e p r o v i d e d at the r e a r 
of e a c h of the c o r e d r a w e r s g ives a p r o m p t n e g a t i v e t e m p e r a t u r e coef f ic ien t 
t ha t would tend to oppose any e x c u r s i o n . T h e void s p a c e p r o v i d e d in the 
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nominal 38-cm (15-in.) d r awer s is 0.48 cm, in the 6 l - c m (24-in.) d r awer s 
is 0.79 cm and in the 81-cm (32-in.) d r awer s is 1.07 cm. A spring inser ted 
in the void insures that fuel expansion is away from the core center and 
toward regions of lower impor tance , reducing react ivi ty . 

The fractional react ivi ty loss pe r fractional inc rease in 
length (Ak/k /AL/L) was calculated for two c a s e s . The f i rs t case assumed 
uniform expansion of the fuel plates only, w^hich upon expansion displaced 
axial blanket m a t e r i a l . The second case assumed uniform expansion of all 
the m a t e r i a l s in the core d rawer . Both calculations were done in slab 
geometry. The resu l t s for the var ious reference cores a re given in 
Table I I -9 . 

Table I I -9 

REACTIVITY COEFFICIENTS FOR UNIFORM EXPANSION 

System 

Type 

Pu Metal 

Pu Carbide 

Volume 

500 

3500 

50 

500 

3500 

(Ak/k/AL/L) for expansion of 

Fuel Plates Only 

-0.38 

-0.41 

-0.48 

-0.36 

-0.39 

All Core Material 

-0.U3 

-0.22 

-0.63 

-0.39 

-0.25 

g. Doppler Effect 

The 3:1 U to plutonium fuel plate conaposition insures 
that the react iv i ty coefficient of the fuel due to the Doppler effect will 
always be negative. F u r t h e r , for the la rge cores it is of sufficient magni ­
tude that it becomes an impor tant contributor to the overal l safety of the 
sys tem. 

The two Doppler coefficients which exist a r e : the prompt 
coefficient assoc ia ted with the fuel p la tes alone and the s lower-ac t ing 
coefficient assoc ia ted with the U pla tes making up the balance of the total 

^U content of the pa r t i cu la r core under study. The coefficient for the fuel 
p la tes alone and the total coefficient a r e both l is ted in Table 11-10. F o r 
rapid excurs ions only the fuel plate component is assumed to be p re sen t . 
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However, after some few seconds, the Doppler component of the depleted 
fuel plates comes in s trongly as a compensating influence on an excurs ion. 

Table i l - in 

DOPPLER EFFECT T(dk/dT) 

System 

500 ^ Pu Metal 

3500 I Pu Metal 

50 Ji Pu Carbide 

500 £ Pu Carbide 

3500 £ Pu Carbide 

Fuel Plates* 
Only Heated 

-0.00029 

-0.00042 

-0.00014 

-0.0015 

-0.0025 

All Materials** 
Heated 

-0.00091 

-0.0023 

-0.00021 

-0.0027 

-0.0086 

Only the U-238 and Pu in the fuel plates were considered for 
this Doppler effect calculation. 

All materials in the core were assiMed to heat uniformly. 
The Doppler effect of the U-238 in the core was included in 
the calculation. 

The Doppler coefficient calculations were adjusted to give 
agreement with recent Doppler effect exper iments on ZPR-6 (Ref. 3) and 
Z P R - 3 (Ref. 4). The exper iments on Assembly 4Z on ZPR-6 (Ref. 3) were 
used to provide the nornaalization for the ®U Doppler effect values. 
Assembly 4Z was a mockup of a 2600-l i ter carbide, ^^^U-fueled core . 
It had a spec t rum comparable to the 3500-l i ter plutonium-fueled carbide 
core under study he re , and had a s imi la r atom density of *U. 

Exper iments on plutonium carbide mockups in Z P R - 3 
(Ref. 4) have shown that the Doppler effect of the plutonium constituent is 
very smal l connpared to ^U on a p e r - a t o m b a s i s . In fact, there is some 
doubt whether it is even posi t ive, but it is cer ta inly smal l . Taking into 
account in the mos t pe s s imi s t i c manner the l imi ts of e r r o r on these m e a s ­
u r e m e n t s , the max imum conceivable posit ive plutonium Doppler effect was 
10% of the negative ^̂ ^U Doppler effect in 7:1 ^̂ ®U to plutonium samples . 
There fore , the plutonium Doppler effect was assumed for purposes of these 
calculations to be posit ive and to have an absolute magnitude of 70% of the 
^̂ ^U Doppler effect on a p e r - a t o m b a s i s . 
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There is additional evidence that the posi t ive na tu re of the 
Doppler effect for other f iss i le e lements is also substant ia l ly ove res t ima ted 
by theory. Recent rneasurements^ on Z P R - 6 indicate that the •̂'̂ U Doppler 
effect, while posi t ive , is only about 1/3 to 1/5 magnitude of the negative 
•'̂ U Doppler effect, on a p e r - a t o m b a s i s . Exis t ing c ro s s section sets 

p red ic t U Doppler effects at l ea s t double this , so that this lends additional 
ind i rec t evidence that the calculated Doppler effect for the f iss i le e lement 
plutonium could be substant ia l ly ove res t ima ted . 
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C h a p t e r III 

S ITE 

A. L o c a t i o n 

The Z P R - 6 and -9 f a c i l i t i e s a r e l o c a t e d in the R e a c t o r P h y s i c s 
L a b o r a t o r y , Bu i ld ing 31 6-W n e a r the c e n t e r of the 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 S i t e . The 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 is l o c a t e d n e a r L e m o n t 
in D u P a g e Coun ty I l l i n o i s , abou t t-wenty-five m i l e s s o u t h w e s t of the C h i c a g o 
Loop a s s e e n in F i g . I I I - l . The p r i n c i p a l popu l a t i on c e n t e r s n e a r the L a b o ­
r a t o r y a r e c o m m u n i t i e s such a s D o w n e r s G r o v e , W e s t m o n t , H i n s d a l e and 
L i s l e n o r t h of the L a b o r a t o r y and L e m o n t 4.0 k m s o u t h w e s t of the L a b o r a ­
t o r y . The a r e a s sou th and w e s t a r e p r i m a r y r u r a l . T h e naore h e a v i l y 
p o p u l a t e d C h i c a g o s u b u r b s b o r d e r c l o s e l y on the n o r t h and e a s t s e c t i o n s of 
the L a b o r a t o r y . T h e D e s P l a i n e s r i v e r and the C h i c a g o S a n i t a r y and Ship 
C a n a l a r e l o c a t e d beyond the s o u t h e r n b o r d e r b o u n d a r y of the L a b o r a t o r y 
Si te t h u s , ex t end ing the u n i n h a b i t e d a r e a about 1 k m beyond t h i s b o r d e r . 
The n o r t h , w e s t and e a s t b o u n d a r i e s a r e a p p r o x i m a t e l y 2 k m f r o m the 
R e a c t o r P h y s i c s L a b o r a t o r y . The R e a c t o r P h y s i c s L a b o r a t o r y is l o c a t e d 
in the 300 a r e a of the 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 Si te a s shown in 
F i g . I I I - 2 . O t h e r m a j o r r e a c t o r s s u c h a s C P - 5 , E B W R , and J u g g e r n a u t a r e 
a l s o l o c a t e d in the s a m e a r e a . 

B . P o p u l a t i o n D i s t r i b u t i o n 

1. ANL Si te 

At the p r e s e n t t i m e , t h e r e a r e a p p r o x i m a t e l y 5200 e r a p l o y e e s 
on the 3700 a c r e A r g o n n e S i t e . It is e s t i m a t e d tha t by about 1980, t h e r e m a y 
be a s m a n y a s 6400 p e r s o n s on the A r g o n n e S i t e . T a b l e I I I - l g ives a l i s t of 
on s i t e f a c i l i t i e s wi th in 1000 m e t e r s of the Z P R - 6 and -9 f a c i l i t i e s wi th an 
e s t i m a t e of the n u m b e r of e m p l o y e e s in e a c h bu i ld ing d u r i n g a n o r m a l w o r k ­
ing day . 

2 . O f f - s i t e 

a. G e n e r a l 

Within a 10 k m r a d i u s of the r e a c t o r s i t e a r e the c o m m u n i ­
t i e s of L e m o n t (pop. 3 ,397) , 4 k m s o u t h w e s t ; D o w n e r s G r o v e (pop. 21 ,154) , 
W e s t m o n t (pop. 5 ,997) , and C l a r e n d o n Hi l l s (pop. 5 ,885) , 10 k m to the n o r t h ; 
R o m e o v i l l e (pop. 3 ,574) , 9 k m to the s o u t h w e s t ; and Wil low S p r i n g s 
(pop. 2 ,348) , 8 k m to the e a s t . T h e I960 p o p u l a t i o n s of c o m m u n i t i e s n e a r 
A r g o n n e a r e shown in F i g . I l l - 3 . Of the 874,366 p e o p l e shown a s l i v i n g 
wi th in 24 kra (15 m i l e s ) of A r g o n n e , 11,912 w e r e wi th in 4.8 k m (3 m i l e s ) , 
27,381 w e r e wi th in 8 k m (5 m i l e s ) , and 213,919 w e r e wi th in 16 k m (10 m i l e s ) 
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TABLE III-l 

POPULATION OF NEIGHBORING ON-SITE FACILITIES 

Building 

316 

330 

306 

310 

350 

301 

335 

331 

340 

308 

362 

ZGS 

205 

212 

211 

Total .. 

Name o£ Facility 

Reactor Physics Laboratory 
(critical facilities) 

Cp-5 Research Reactor 

Reclamation 

Chemical Engineering 

Plutonium Fabrication 
Facility 

Hot Laboratory 

Juggernaut Research Reactor 

EBWR Research Reactor 

Experimental Animal 
Quarters 

Sodium Loop Facility 

High Energy Physics 

ZGS Complex 

Chemical Engineering 

Fuels Technology Center 

Cyclotron Building 

Distance from 
Reactor Cells 

Within 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

Between 

200 m 

200-400 m 

200-400 m 

200-400 m 

200-400 m 

400-600 m 

400-600 m 

400-600 m 

400-600 m 

400-600 m 

600-1000 m 

600-1000 m 

600-1000 m 

Between 600-1000 m 

Between 600-1000 m 

• •••••••• 

Pop. 

70 

60 

40 

40 

30 

25 

20 

20 

10 

25 

240 

485 

290 

330 

20 

1705 

Sub­
totals 

70 

170 

100 

1365 
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COMMUN1TY 

ADDISON 
ALSiP 
BEDFORD PARK 
BELLWOOD 
BERKELEY 
BERWYN 
BLUE ISLAND 
BRIDGEVIEW 
BROOKFIELD 
CAROL STREAM 
CHICAGO 
CHICAGO RIDGE 
CICERO 
CLARENDON HILLS 
COUNTRY CLUB HILLS 
COUNTRYSIDE 
CREST HILL 
CRESTWOOD 
DOWNERS GROVE 
ELHHURST 
ELMWOOD PARK 
EVERGREEN PARK 
FLOSSHOOR 
FOREST PARK 
FOREST VIEW 
FRANKFORT 
FRANKLIN PARK 
6LENDALE 
GLEN ELLYN 
HARVESTER 
HAZELCREST 
HICKORY HILLS 
HILLSIDE 
HINSDALE 
HODGKINS 
HOMETOWN 
INDIAN HEAD PARK 
JOLIET 
JUSTICE 
LA GRANGE 
LA GRANGE PARK 
LEMONT 
LISLE 
LOCKPORT 
LOMBARD 
LYONS 

POP. 

67m 
3770 
737 

20729 
5792 

5>(22>» 
19618 
7331* 

20>(29 
836 

3550404 
5718 

69130 
5885 
3421 
2393 
5887 
1213 

21154 
36991 
23866 
24178 
4624 
14452 
1042 
1135 

18322 
173 

15972 
299 

6205 
2707 
7794 
12859 
1126 
7479 
385 

66780 
2803 

15285 
13793 
3397 
4219 
7560 

22561 
9936 

COMMUN 1 TY 

MARKHAM 
MATTESON 
MAYWOOD 
McCOOK 
MELROSE PARK 
MIDLOTHIAN 
MOKENA 
NAPERVILLE 
NEW LENOX 
NORTHLAKE 
NORTH RIVERSIDE 
OAK BROOK 
OAK BROOK TERRACE 
OAK FOREST 
OAKLAWN 
OAK PARK 
OLYMPIA FIELDS 
ORLAND PARK 
PALOS HEIGHTS 
PALOS HILLS 
PALOS PARK 
PARK FOREST 
PLAINFIELD 
POSEN 
RICHTON PARK 
RIVER GROVE 
RIVERSIDE 
ROBBINS 
ROCKDALE 
ROMEOVILLE 
SHOREWOOD 
STICKNEY 
STONE PARK 
SUMMIT 
TINLEY PARK 
VILLA PARK 
WESTCHESTER 
WEST CHICAGO 
WESTERN SPRINGS 
WESTMOHT 
WHEATON 
WILLOW BROOK 
WILLOW SPRINGS 
WINFIELD 
WOODRIDGE 
WORTH 

POP. 

11704 
3225 

27330 
441 

22291 
6605 
1332 

12933 
1750 

12318 
7989 
324 

1121 
3724 

27471 
61093 
1503 
2592 
3775 
3766 
2169 

29993 
21 83 
4517 
933 

8464 
9750 
7511 
1272 
3 574 
3 58 

6239 
3038 

10374 
6392 

20391 
18092 
6854 

10838 
5997 

24312 
157 

2348 
1575 
542 

8196 

Fig. III-3 

Population of Communities near I 
Argonne National Laboratory 

(Based on 1960 Census) 



Although the n e a r e s t ANL Site boundary is about 1.5 km 
from the r eac to r , the a r ea between this boundary and the 2 -km- rad ius c i rc le 
is re la t ively uninhabited. To the south the DesPla ines River, the Chicago 
Sani tary and Ship Canal, and The Atchison, Topeka and Santa Fe ra i l road 
pass through this a r ea . 

b. P r e s e n t Population 

A map of the metropol i tan a rea west of Chicago showing 
the population of var ious vil lages and cit ies with a 24 km radius is shown 
in F ig . 111-3. A "Township, Area and Population Breakdown," Table III-2, 

Tabic I I I -2 

TOWNSHIP, AREA, AND POPULATION BREAKDOWN 

Township 

Addison 
Berwyn 
Bloom 
Bloomingda le 
B r e m e n 
C a l u m e t 
C i c e r o 
D o w n e r s G r o v e 
Du P a g e 
F r a n k f o r t 
H o m e r 
J o l i e t 
L e m o n t 
L i s l e 
L o c k p o r t 
Lyons 
Mil ton 
N a p e r v i l l e 
New Lenox 
Or land 
P a l o s 
P la inf ie ld 
P r o v i s o 
Rich 
R i v e r s i d e 
S t ickney 
Thorn ton 
T r o y 
Wheat land 
W infield 
Wor th 
York 

Popu la t ion 

Tota l 

41,808 
54,224 
70,530 
14,924 
55,392 
19,299 
69,130 
66,664 

4,725 
5,784 
4,078 

94,116 
6,732 

20,982 
26,882 
82,214 
51,361 

8,218 
6.232 
7,444 

17,728 
6,655 

160,275 
35,258 
17,875 
31,404 

138,444 
2,679 
1,023 

16,437 
107,761 

89,988 

City 

27,514 
54,224 
64,007 

5,852 
44,626 
19,299 
69,130 
44,298 

3,470 
2,467 

-

67,755 
3,397 

12.847 
13,551 
65,862 
40,483 

5,668 
1,750 
3,227 

13,886 
2,183 

157,891 
32,389 
17,732 
7,327 

135,613 
655 

-

11,531 
91,988 
76,218 

R u r a l 

14,294 
-

6,523 
9,072 

10,766 
-
-

22.366 
1.255 
3.317 
4.078 

26.361 
3.335 
8,135 

13.331 
16.352 
10.878 
2.550 
4.482 
4,217 
3,842 
4.472 
2,384 
2,869 

143 
24,077 

2,831 
2.024 
1.023 
4.906 

15,773 
13,770 

A r e a (sq km) 

To ta l 

93 
9 .6 

93 
93 
93 
10 
14.8 

124 
93 
93 
93 
93 
54.4 
93 
93 
95 
93 

93 
93 
93 

9 1 
93 
77 
93 
10 
47 
93 
93 
93 
93 
96 
93 

City 

26 

9.6 
31 
11.4 
45.8 
10 
14.8 
32 

5 
4 , 
-

31 
3 .1 

17 
14 

69 
28 

5 
7 

9 
29 

3 
68 
31 

9 
40 
72 

3 
-

10 
83.4 
54 

R u r a l 

67 
-

62 
81.6 
47.2 

-
-

92 
88 

89 
9 3 
62 
51.3 
76 

79 
26 
65 

89 
86 
8 4 
62 
90 

9 
62 

1 
7 

21 
90 
93 
83 
12.4 
39 

P e r s o n s p e r 
sq km (Rura l ) 

2 1 2 
-

105 
111 
2 2 7 
-
-

2 4 4 
14 
37 
4 4 

4 2 4 
65 

106 
170 

619 
168 

29 
52 
50 
62 

49 
256 

46 
27 

3321 
137 

22 
11 

59 
1269 

354 



i s a l s o i nc luded , for m o r e c o m p r e h e n s i v e i n f o r m a t i o n . In the t a b l e , t o w n ­
s h i p s wh ich fall e n t i r e l y o r p a r t l y wi th in the 24 k m r a d i u s a r e l i s t e d a l p h a ­
b e t i c a l l y . F o r e a c h t ownsh ip the fo l lowing f i g u r e s a r e shown: t o t a l , c i ty , 
and r u r a l popu la t i on ; t o t a l , c i ty , and r u r a l a r e a ; and p e r s o n s p e r sq k m in 
the r u r a l a r e a . The to t a l popu l a t i on w a s t aken f r o m the I960 C e n s u s r e p o r t . 
The c i ty p o p u l a t i o n i s a to ta l of a l l c i ty p o p u l a t i o n s , whole o r p a r t , l i s t e d 
for tha t t ownsh ip in the c e n s u s r e p o r t . The r u r a l popu la t i on i s the d i f f e r ­
ence b e t w e e n c i ty popu l a t i on and t o t a l p o p u l a t i o n . The a r e a f i g u r e s •were 
o b t a i n e d by m e a s u r i n g wi th the u s e of the m a p s c a l e of m i l e s and a p l a n i m -
e t e r . The n u m b e r of p e r s o n s p e r sq k m w a s c o m p u t e d by d iv id ing r u r a l 
popu l a t i on by r u r a l a r e a . 

The a r e a wi th in the 24 k m r a d i u s was d iv ided into s e g m e n t s 
by d r a w i n g in c i r c l e s and r a d i i , wi th Bu i ld ing 316-W a s a c e n t e r p o i n t . The 
r a d i i of the c i r c l e s i n d i c a t e the d i s t a n c e in m i l e s f r o m the c e n t e r po in t . 
T h e s e d i s t a n c e z o n e s a r e iden t i f i ed by the l e t t e r s A, B, C, and D, s t a r t i n g 
a t the c e n t e r . T h e r a d i u s of the A zone i s 4.8 k m , the B zone 8 k m , the 
C zone 16 k m , and the D zone 24 knni. The A and B z o n e s a r e d iv ided by the 
r a d i i in to 8 equa l s e g m e n t s , r e s p e c t i v e l y , and the C and D z o n e s into 16 equa l 
s egnnen t s , r e s p e c t i v e l y . T h e a r e a of e a c h s e g m e n t in the A zone i s 9.1 s q k m , 
in the B zone 16.3 sq k m , in the C zone 38.1 sq k m , and in the D zone 
63.4 sq k m . T h e s e g m e n t s a r e n u m b e r e d 1 t h r o u g h l 6 , s t a r t i n g at the top 
o r n o r t h , and r e a d i n g c l o c k w i s e a r o u n d the c i r c u m f e r e n c e . E a c h s e g m e n t 
i s iden t i f i ed by u s i n g the zone l e t t e r and the n u m b e r of the s e g m e n t . F o r 
exannple , the f i r s t s e g m e n t in the i n n e r c i r c l e of A zone r e a d i n g c l o c k w i s e 
f r o m the n o r t h would be A - 2 , the f i r s t s e g m e n t b e t w e e n the i n n e r and the 
s e c o n d c i r c l e would be B - 2 , the f i r s t s e g m e n t b e t w e e n the s e c o n d and t h i r d 
c i r c l e s C - 1 , and the f i r s t s e g m e n t b e t w e e n the t h i r d and fou r th c i r c l e s , D - 1 . 
The popu l a t i on of p a r t of a c i ty , in t h o s e c a s e s "where a c i ty i s d iv ided into 
2 o r m o r e s e g m e n t s , w a s d e t e r m i n e d by e s t i m a t i n g the p e r c e n t a g e of the 
popu l a t i on of the c i ty for e a c h s e g m e n t and u s i n g the s a m e p e r c e n t a g e of the 
p o p u l a t i o n of the c i ty for e a c h s e g m e n t into which i t i s d iv ided , e x c e p t for 
the Ci ty of C h i c a g o , The p o p u l a t i o n f i g u r e s for tha t p a r t of C h i c a g o which 
fa l l s wi th in the 24 k m r a d i u s w e r e t a k e n f r o m an Official One M i l e I n t e r s e c ­
t ion M a p p r e p a r e d by the Ch icago Civi l D e f e n s e C o r p s , which l i s t s p o p u l a t i o n 
p e r s q u a r e m i l e a s r e c e i v e d f r o m the U ,S , B u r e a u of the C e n s u s , 

The " S e g m e n t A r e a and P o p u l a t i o n B r e a k d o w n " a s shown in 
T a b l e 111-3 w a s p r e p a r e d a s fo l lows : The s e g m e n t s a r e l i s t e d n u m e r i c a l l y 
s t a r t i n g wi th the A zone , fo l lowed by the B, C, and D z o n e s . F o r e a c h 
s e g m e n t , r u r a l a r e a and popu la t i on , c i ty a r e a and popu la t i on , and to ta l a r e a 
and popu l a t i on a r e l i s t e d . The r u r a l a r e a of e a c h s e g m e n t w a s m e a s u r e d 
wi th a p l a n i m e t e r and s u b t r a c t e d f r o m the s e g m e n t to ta l to ob ta in the c i ty 
a r e a in t h o s e s e g m e n t s hav ing bo th r u r a l and c i ty a r e a . T h e r u r a l p o p u l a ­
t ion w a s c o m p u t e d by m u l t i p l y i n g the r u r a l a r e a by the p e r s o n s p e r sq k m 
in the r u r a l a r e a . T h e c i ty p o p u l a t i o n p e r s e g m e n t i s the s u m of the p o p u l a ­
t ion f i g u r e s of t h o s e c i t i e s wi th in the s e g m e n t . 
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SEGMENT AREA AND POPULATION BREAKDOWN 

Segment 
No. 

A-l 
A - 4 
A - 6 
A - 8 
A-10 
A-IZ 

A-14 
A-16 
B-Z 
B - 4 
B - 6 
B - 8 
B-10 
B-IZ 

B-14 
B-16 
C - 1 
G-2 
C - 3 
C - 4 
C - 5 
C - 6 
C-1 
C - 8 
C - 9 
C-10 
C-11 
C-\Z 
C-13 
C-14 
C-15 
C-16 
D - 1 
D - 2 
D - 3 
D - 4 
D - 5 
D - 6 
D - 7 
D - 8 
D - 9 
D-10 
D-11 
D-12 
D-13 
D-14 
D-15 
D-16 1 

1 Rural 

Area 

5.2 
5.7 
7.2 
8.0 
5.2 
8.0 
7.8 
7.8 

15.8 
12.9 
16.3 
16.3 
14.5 
16.3 
14.5 
15.5 
18.9 
12.9 
18.1 
13.2 
21.2 
31.8 
34.2 
38.1 
37.5 
32.6 
31.8 
38.1 
34.7 
31.8 
32.3 
23.3 
17.9 

7.2 
1.3 

16.1 
16.1 
46.6 
60.6 
61.6 
52.6 
33.1 
60.8 
63.4 
63.4 
59.5 
44.8 
31.6 1 

Population 

1,264 
1,297 

842 
567 
336 

1,165 
1,420 
1,896 
3,855 
3,187 
1,032 

987 
681 
233 
683 

3,197 
5,557 
6,073 

11,221 
2,980 
1,312 
1,824 
1,655 
1,661 
2,453 
5,313 
2,988 

510 
1,067 
3,322 
3,936 
6,822 
4,660 
1,853 
2,201 

42,687 
17,050 
7,149 
2,628 
3,556 

10,688 
8,704 
3,661 

908 
1,423 
2,639 
6,551 
7,302 1 

City 
J 

A r e a 

3.9* 
3.4* 
1.8* 
1.0* 
3.9** 
1.0* 
1.3* 
1.3* 
0.5 
3 .4 

-
-
1.8 

-
1.8 
0.8 

19.2 
25.1 
18.1 
24.9 
16.8 

6.2 
3.9 
-

0 .5 
5.4 
6.2 

-
3.4 
6.2 
5.7 

14.8 
45.6 
56.2 
62.1 
47.3 
47.3 
16.8 

2.8 
1.8 

10.9 
30.3 

2.6 
-
-
3.9 

18.6 
31.8 1 

Population 

« 
-
-
-

3,125 
. 
-
-
124 
676 

-
-
272 

' 
336 
206 

16,567 
36,644 

6,157 
9,707 

10,623 
2,381 

363 
-

1,083 
7,156 
2,895 

-
3,621 
5,820 
5,700 

19,127 
56,174 

125,484 
92,465 
67,678 
42,258 
10,313 

650 
2,816 

21,566 
47,958 

2,183 
-
-

3,492 
26,250 
37,500 1 

1 Total 

Area 

9.1 
9 .1 
9 .1 
9.1 
9 .1 
9.1 
9 .1 
9 .1 

16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 1 

Population 

1,264*** 
1.297*** 

842*** 
567*** 

3,461*** 
1,165*** 
1,420*** 
1,896*** 
3,979 
3,863 
1,032 

987 
953 
233 

1,019 
3,403 

22,124 
42,717 
17,378 
12,687 
11,935 
4,205 
2,018 
1,661 
3,536 

12,469 
5,883 

510 
4,688 
9,142 
9,636 

25,949 
60,834 

127,337 
94,666 

110,365 
59,308 
17,462 
3.278 
6,372 

32,254 
56,662 

5,844 
908 

1,423 
6,131 

32.801 
44.802 

TOTAL 1827.8 874.366 
ANL 4,000 

GRAND TOTAL 878.366 

•ANL Exclusion Area 
**ANL = 0.5; Lemont = 1.0 

***Does not include exclusion a r ea population 
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c. F u t u r e P o p u l a t i o n 

The p r o j e c t e d popu la t i on is b a s e d upon i n f o r m a t i o n r e c e i v e d 
f r o m , and c o n s u l t a t i o n wi th the N o r t h e a s t e r n I l l i no i s M e t r o p o l i t a n A r e a 
P l a n n i n g C o m m i s s i o n , u t i l i t y c o m p a n i e s and l o c a l g o v e r n m e n t a l a g e n c i e s . 
F i g u r e 111-4 en t i t l ed A r g o n n e Na t iona l L a b o r a t o r y and the I m m e d i a t e 
S u r r o u n d i n g A r e a , h a s b e e n d iv ided into four q u a d r a n t s and at r a d i i of 
2.5 and 7 k m . T h e p r e s e n t , and e s t i m a t e d popu l a t i ons in 1970 and 1980 
for e a c h of the t w e l v e a r e a s a r e as fo l lows : 

A r e a N u m b e r 

0 -2 k m r a d i u s 

A - 1 ( N o r t h e a s t ) 
A - 2 (Sou theas t ) 
A - 3 (Southwes t ) 
A - 4 ( N o r t h w e s t ) 

T o t a l 

2 - 5 k m r a d i u s 

Of f - s i t e P o p u l a t i o n 

1960 

140 
495 
635 

1970 

160 
620 
780 

1980 

170 
79 5 
965 

B - 1 ( N o r t h e a s t ) 
B - 2 (Sou theas t ) 
B - 3 (Southwes t ) 
B - 4 ( N o r t h w e s t ) 

T o t a l 

5-7 k m r a d i u s 

C - 1 ( N o r t h e a s t ) 
C - 2 (Sou theas t ) 
C - 3 (Southwes t ) 
C - 4 ( N o r t h w e s t ) 

To ta l 

M e t e o r o l o g y 

1. G e n e r a l 

2,561 
1.409 
4,626 
3,316 

11,912 

7,520 
2,019 
1,186 
4,150 

14,875 

3,329 
1,691 
5.551 
4 ,642 

15,213 

13,723 
3,029 
1,660 
7,075 

25,487 

4 ,328 
2,029 
6,661 
6,499 

19,517 

24 ,315 
4 ,543 
2,324 

11,320 
42,502 

A s u m m a r y of m e t e o r o l o g i c a l da t a c o l l e c t e d at A r g o n n e is a s 
follow^s: 

(a) At 19 ft above g round , the da i ly a v e r a g e wind s p e e d v a r i e s 
f r o m 5 m p h in A u g u s t to 10 m p h in M a r c h and g u s t s e x c e e d 50 m p h about once 
a y e a r . At 150 ft above g r o u n d , t h i s s p e e d is e x c e e d e d about 15 t i m e s a y e a r . 
No a i r m e a s u r e m e n t s above 150 ft, wi thout t h e a id of b a l l o o n s , a r e a v a i l a b l e 
at A r g o n n e . 
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.INIGS iJ'rA 

Fig. III-4. Argonne National Laboratory and the Immediate Surrounding Area 



(b) Da i ly t e m p e r a t u r e s a v e r a g e f r o m the low 2 0 ' s in the w i n t e r 
to the h igh 70 ' s in the s u m m e r . T h e r e a r e about 6850 d e g r e e - d a y s p e r y e a r . 
R a r e l y a r e t h e r e m a x i m u m t e m p e r a t u r e s above 100°F, and the m i n i m u m 
t e m p e r a t u r e r e c o r d e d i s - 1 9 ° F . 

(c) P r e c i p i t a t i o n a v e r a g e s about 33 in. p e r y e a r . M i d - d a y 
h u m i d i t y v a l u e s a v e r a g e about 50% in O c t o b e r to 75% in J a n u a r y ; h o w e v e r , 
n igh t r e a d i n g s a r e about 80 to 90% al l y e a r . 

(d) S o l a r r a d i a t i o n , in L a n g l e y s on a h o r i z o n t a l s u r f a c e , v a r i e s 
f r o m about 150 in D e c e m b e r to 600 p e r day in J u n e . 

(e) A t m o s p h e r i c p r e s s u r e v a r i e s b e t w e e n a h igh of 30.00 in. Hg 
and a low of 28.30 i n . H g wi th a m e a n of about 29.20 in, of m e r c u r y . 

(f) Soi l t e m p e r a t u r e s t h r e e o r four feet b e l o w g r a d e v a r y only 
f r o m 50°F in Ju ly to 52°F in F e b r u a r y , T e m p e r a t u r e at d e p t h s of four i n c h e s 
v a r y f r o m the 8 0 ' s in the s u m m e r to j u s t b e l o w f r e e z i n g in m i d - w i n t e r . 

Annua l c l i m a t o l o g i c a l s u m m a r i e s b a s e d on m e a s u r e m e n t s t a k e n 
at the D u P a g e S i te 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 h a v e b e e n p r e p a r e d 
and p u b l i s h e d a s r e p o r t s d e s i g n a t e d as A N L - 4 5 3 8 , A N L - 4 7 9 3 , A N L - 4 9 2 8 , 
A N L - 5 2 5 6 , and A N L - 5 5 9 2 . T h e s e r e p o r t s c o v e r t h e p e r i o d f r o m Ju ly 1949 
to J u n e 1954. The n o r m a l s , m e a n s , and e x t r e m e s for the C h i c a g o A r e a , a s 
f u r n i s h e d by the Un i t ed S t a t e s W e a t h e r B u r e a u , a r e shown in T a b l e I I I - 4 . 

D. Geology and H y d r o l o g y 

1. G e n e r a l T o p o g r a p h y 

The t o p o g r a p h y of the v i c i n i t y in g e n e r a l i s flat to s l i gh t ly h i l ly 
wi th an e l e v a t i o n of b e t w e e n 700 and 750 ft above s e a l e v e l for the m a j o r 
p o r t i o n of the A r g o n n e S i t e . The l and for s e v e r a l m i l e s n o r t h and e a s t h a s 
an e l e v a t i o n in t h i s s a m e r a n g e bu t d r o p s s lowly tow^ard t h e southw^est. 
An i n t e r m i t t e n t s t r e a m . S a w m i l l C r e e k , c r o s s e s A r g o n n e and e m p t i e s into 
the D e s P l a i n e s R i v e r wh ich b o r d e r s the s o u t h e r n edge of t h e s i t e . The 
n o r m a l l e v e l of the D e s P l a i n e s R i v e r a d j a c e n t to A r g o n n e i s 583 ft above 
s e a l e v e l , and i t s flood p l a i n e x t e n d s a p p r o x i m a t e l y l / 8 m i l e onto A r g o n n e 
p r o p e r t y . The l a n d r i s e s s h a r p l y f r o m the edge of t h i s flood p l a in , w h e r e 
o u t c r o p p i n g s of the N i a g a r a d o l o m i t e m a y b e s e e n , to t h e top of t h e bluffs 
o v e r l o o k i n g t h e D e s P l a i n e s v a l l e y . T h e s e bluffs a r e a p p r o x i m a t e l y 6 50 ft 
above s e a l e v e l . F r o m h e r e t h e l a n d s l o p e s g r a d u a l l y u p w a r d for n e a r l y 
a m i l e to the i m m e d i a t e a r e a of the R e a c t o r P h y s i c s L a b o r a t o r y w h e r e 
Z P R - 6 and -9 a r e l o c a t e d which is at e l e v a t i o n 745 ft above s e a l e v e l . 
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Table III-4 

METEOROLOGY 

TEMPERATURES fOR CHICAGO AREA PRECIPITATION FOR CHICAGO AREA 

Temperature 

Month 

(a) 

J 
F 
M 
A 
M 
J 

J 
A 
S 
0 
N 
0 

Yr 

Normal 

Dady 
Maximum, 

"C 

(bl 

0.39 
1.67 
7.22 

14.2 
20.9 
26.7 

29.6 
28.3 
24.4 
18.0 
8.67 
1.83 

15.2 

Dally 
Minimum, 

oc 

(bl 

- 8.28 
- 6.78 
- 1.67 

3.67 
9.28 

14.9 

17.7 
16.7 
12.9 
6.61 

- .389 
- 6.34 

4.89 

Monthly, 
oc 

lb) 

- 3.94 
- 2.56 

2.78 
8.94 

15.1 
20.8 

23.7 
22.6 
18.7 
12.3 
4.17 

- 2.22 

10.1 

Extremes 

Record 
Highest, 

oc 
17 

19.4 
20.6 
27.8 
28.9 
34.4 
40.0 

39.4 
38.3 
38.3 
32.8 
27.2 
18.3 

40.0 

Year 

1950 
1954 
1945 
1958 
1949 
1953 

1956 
1947 
1953 
1954 
1950 
1951 

June 
1953 

Record 
lowest, 

OC 

" 
-26.1 
-26.1 
-21.7 
- 7.22 
- l .U 

1.67 

9.44 
7.78 
2.22 

- 6.66 
-18.9 
-24.4 

-26.1 

Year 

1951 
1951 
1943 
1954 
1947 
1945 

1947 
1950 
1943 
1948 
1950 
1951 

Feb 
1951 

Precipitation 

Month 

J 
F 
M 
A 
M 
J 

J 
A 
S 
0 
N 
D 

Yr 

Normal 
Total, 
cm 

(bl 

4.67 
3.57 
7.24 
7.16 
9.30 

10.5 

6.94 
8.10 
8.20 
6.50 
5.92 
4.95 

83.1 

Maximum 
Monthly, 

cm 

17 

9.58 
8.51 

12.7 
21.2 
19.3 
16.3 

22.8 
15.0 
15.3 
30.6 
9.50 

16.9 

30.6 

Year 

1950 
1950 
1954 
1947 
1945 
1958 

1957 
1954 
1945 
1954 
1951 
1949 

Oct 
1934 

Minimum 
Monthly 

cm 

17 

0.965 
0.838 
0.838 
3.25 
1.98 
1.98 

3.38 
2.54 
1.17 
a762 
2.26 
0.864 

0.762 

Year 

1956 
1958 
1958 
1946 
1950 
1956 

1945 
1953 
1956 
1956 
1949 
1943 

Oct 
1956 

Maximum 
in 24 hr. 

cm 

17 

3.51 
3.18 
6.35 

10.4 
7.44 

11.6 

15.8 
7.90 
6.48 

14.3 
4.67 
6.04 

15.8 

Year 

1950 
1949 
1948 
1947 
1951 
1959 

1957 
1955 
1951 
1954 
1959 
1949 

July 
1957 

PRECIPITATION FOR CHICAGO AREA WIND FOR CHICAGO AREA 

Manth 

J 
F 
M 
A 
M 
J 

J 
A 
S 
0 
N 
D 

Yr 

Mean 
Total, 
cm 

17 

19.6 
16.5 
15.2 
1.27 
T 
0 

0 
0 
0 

76 
9.14 

25.9 

88.4 

Snow, 

Maximum 
Monthly, 

cm 

17 

52.8 
42.2 
50.6 
6.10 
0.51 
0 

0 
0 
0 
7.62 

36.3 
84.6 

»4.6 

Sleet 

Year 

1943 
1950 
1954 
1951 
1954 

1952 
1951 
1951 

Dec 
1951 

Maximum 
In 24 hr. 

cm 

17 

16.8 
21.1 
30.0 
6.10 
0.51 
0 

0 
0 
0 
7.62 

2a3 
25.4 

3ao 

Year 

1957 
19K' 
1954 
1951 
1954 

1952 
1951 
1951 

Mar 
1954 

Wind 

Month 

J 
F 
M 
A 
M 
J 

J 
A 
S 
0 
N 
0 

Yr 

Mean 
Hourly 
Speed 
Im/secl 

17 

4.87 
5.00 
5.14 
5.00 
4.47 
3.93 

3.44 
3.35 
3.84 
4.16 
5.05 
4.83 

4.43 

Prevailing 
Direction 

15 
w 
w 
w 
ENE 
NE 
ssw 
ssw 
sw 
s 
s 
w 
w 

ssw 

Fastest Speed 

Speed 
(m/sec) 

17 

22.4 
20.1 
24.1 
22.4 
24.1 
22.4 

20.6 
24.1 
21.5 
2ai 
26.8 
22.4 

26.8 

Direction 

W 
W 
NW 
NW 
S 
w 
NW 
NW 
SW 
s 
sw 
sw 

sw 

Year 

1950 
1951 
1955 
1951 
1950 
1953 

1959 
1949 
1959 
1949 
1952 
1948 

Nov 
1952 

I'llength of record, years. 

'>>'Normil values art based on the period 1921-1950 and are means adjusted to reprasent obsarvalions 
taken at the present standard location. 

2. Bedrock 

The average elevation of the bedrock di rect ly beneath the 
ZPR-6 and -9 Site is approximately 610 ft above sea level. The Argonne 
deep well No, 1, dr i l led to a depth of 1595 ft, r evea ls stone formations and 
their th icknesses as depicted in Fig. I l l - 5 . P reg lac ia l erosion has worn 
off bedrock of m o r e recent or igin and has cut deeply into the dolomitic 
top surface of the present ly existing bedrock in the DesPla ines River valley. 
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Fig. III-5. Bedrock near ZPR-6 and -9 Site 



G l a c i a l t i l l of t he W i s c o n s i n i c e s h e e t d e p o s i t e d by the V a l p a r a i s o m o r a i n e 
o v e r l i e s t h i s b e d r o c k and p a r t i a l l y f i l ls t h e D e s P l a i n e s R i v e r v a l l e y . 

3, S u b s u r f a c e So i l s 

The so i l r e s i d i n g above the b e d r o c k is c o m p o s e d of d e n s e and 
v e r y tough s i l t y c l a y s and c l a y - l i k e s i l t s . T h e r e a r e s o m e t r a c e s of s a n d . 
T h e s e c l ays w e r e l a id down, a s m e n t i o n e d above , a s the g l a c i a l d r i f t of the 
V a l p a r a i s o m o r a i n e , 

4 . H y d r o l o g y 

Due to the t igh t n a t u r e of t h e so i l , p e r c o l a t i o n of w a t e r t h r o u g h 
it is v e r y s low. T h e r e f o r e , d r a i n a g e f r o m t h e Z P R - 6 and -9 a r e a wi l l be 
m o s t l y by s u r f a c e runoff. P o t a b l e w a t e r for the L a b o r a t o r y is ob ta ined 
f r o m tw^o p r i n c i p a l a q u i f i e r s , t he N i a g a r a d o l o m i t e and the deep ly b u r i e d 
O r d i v i c i a n and C a m b r i a n s a n d s t o n e s . The L a b o r a t o r y h a s five s h a l l o w 
supp ly w e l l s t h a t o b t a i n w a t e r f r o m t h e N i a g a r a d o l o m i t e , and one d e e p w e l l , 
c a s e d and s e a l e d t h r o u g h t h e N i a g a r a d o l o m i t e , tha t ob t a in s i t s w a t e r f r o m 
the d e e p s a n d s t o n e s . Only the N i a g a r a d o l o m i t e need be c o n s i d e r e d in con ­
nec t ion wi th p o s s i b l e c o n t a m i n a t i o n f r o m an a c c i d e n t a l sp i l l of r a d i o a c t i v e 
l iqu id , as the d e e p a q u i f i e r s a r e s e p a r a t e d f r o m the s u r f a c e by h u n d r e d s of 
feet of r o c k f o r m a t i o n s ( s e e F i g . I l l - 5 ) , of which the M a q u o k e t a s h a l e is 
p a r t i c u l a r l y i m p e r m e a b l e . In the even t of such a sp i l l c i r c u m v e n t i n g p r o ­
t e c t i v e m e a s u r e s p r o v i d e d , the c o n t a m i n a t e d l iquid would m o v e v e r y s lowly 
t h r o u g h t h e e x i s t i n g g l a c i a l t i l l and would be d i lu ted by t h e n o r m a l g r o u n d 
w a t e r d e s c e n d i n g wi th i t . As the d i lu t ed l iqu id a p p r o a c h e d the l e v e l of the 
b e d r o c k it would be f u r t h e r d i lu t ed by w a t e r t ha t i s m o v i n g a c r o s s and down 
the f i s s u r e d d o l o m i t e . F r o m t h i s poin t the h y d r a u l i c g r a d i e n t of the N i a g a r a 
d o l o m i t e , which is g e n e r a l l y to the s o u t h - e a s t w a r d , would be fol lowed 
( s ee F i g . 111-6). 

T e s t s of w a t e r m o v e m e n t t h r o u g h the g l a c i a l t i l l a t the L a b o r a ­
t o r y w e r e m a d e in 1952 by W. J . D r e s c h e r of t h e U .S . Geo log i ca l Survey ,^ 
T h e s e s t u d i e s d e t e r m i n e d t h a t the d o w n w a r d r a t e of m o v e m e n t of w a t e r 
t h r o u g h the t i l l is 0,1 in, p e r day . At t ha t r a t e it would t a k e a p p r o x i m a t e l y 
36 y e a r s for any c o n t a m i n a t e d w a t e r e n t e r i n g t h e s u r f a c e so i l at the R e a c t o r 
P h y s i c s L a b o r a t o r y to r e a c h the b e d r o c k l a y e r of N i a g a r a d o l o m i t e d i r e c t l y 
b e n e a t h t h e s i t e . 

At the p r e s e n t r a t e of pumping i t is v e r y l i ke ly tha t c o n t a m i n a t e d 
w a t e r i n t r o d u c e d in to t h e g l a c i a l t i l l a t the R e a c t o r P h y s i c s L a b o r a t o r y 
would d e c a y and p a r t i a l so i l r e t e n t i o n t h r o u g h l e a c h i n g a n d / o r ion e x c h a n g e 
by the n a t u r a l so i l -would c e r t a i n l y t a k e p l a c e in the long i n t e r v a l of t inae 
b e t w e e n i n s e r t i o n at t he Z P R - 6 and -9 S i t e and u l t i m a t e d i s c h a r g e into the 
D e s P l a i n e s R i v e r . 



Modified from LeRoux and Drescher, 1959 

Base compiled from maps prepared by Argonne 
National Laboratory and from U.S. Geological 
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Fig, III-6, Piezometric Surface of Water in the Niagara Dolomite 
at Argonne National Laboratory, Illinois, June 2-3 , 1960 



The D e s P l a i n e s R i v e r , t h e Ch icago S a n i t a r y and Ship C a n a l , t h e 
I l l i n o i s and M i c h i g a n C a n a l , and the Sag Channe l h a v e a l l b e e n i n t e r c o n n e c t e d 
by the t i m e t h e y r e a c h J o l i e t , which l i e s about 22 k m s o u t h w e s t of 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 . The w a t e r flow in the D e s P l a i n e s R i v e r j u s t p r i o r to 
J o l i e t v a r i e s b e t w e e n 12 and 340 m ^ / s e c , depend ing upon the flood s t a g e and 
s e a s o n . When the r i v e r i s in flood s t a g e , e x c e s s w a t e r is d i v e r t e d to t h e 
h i g h e r c a p a c i t y S a n i t a r y Cana l a t a point j u s t sou th of L e m o n t , b e f o r e r e a c h ­
ing J o l i e t . The flow r a t e of t h e S a n i t a r y Cana l for 1944 and 1945 a v e r a g e s 
about 96 m ^ / s e c ; of t h i s about 45 m ^ / s e c is w a t e r which h a s b e e n d i v e r t e d 
f r o m L a k e M i c h i g a n , and the b a l a n c e is m a d e up of d o m e s t i c and i n d u s t r i a l 
d i s c h a r g e f r o m t h i s d i s t r i c t . Bo th the r i v e r and t h e c a n a l flow a d i s t a n c e of 
a p p r o x i m a t e l y 32 k m / d a y . T h e r e f o r e , any s u r f a c e d r a i n a g e f r o m the Z P R - 6 
and -9 S i t e would be d i lu t ed f i r s t by the r i v e r b o r d e r i n g the L a b o r a t o r y , and 
then f u r t h e r d i lu t ed by the c a n a l , n o r m a l l y wi th in 17 h o u r s . If such d r a i n a g e 
o c c u r r e d d u r i n g a wet p e r i o d , it w^ould be d i lu ted even m o r e e x t e n s i v e l y 
and s o o n e r . 

Cana l w a t e r is u s e d p r i o r to and in J o l i e t for s o m e i n d u s t r i a l 
u s e s , s u c h a s h y d r o e l e c t r i c g e n e r a t o r s and c o n d e n s e r s , as wel l a s for 
i r r i g a t i o n at the s t a t e p r i s o n . Af te r l e a v i n g J o l i e t , t he D e s P l a i n e s R i v e r 
f lows s o u t h w e s t to a po in t a p p r o x i m a t e l y 23 k m f u r t h e r , w h e r e t h e r i v e r i s 
jo ined by the K a n k a k e e R i v e r , f o r m i n g the I l l i n o i s R i v e r . The f i r s t u s e 
m a d e of t h i s w a t e r for d r i n k i n g p u r p o s e s is a t Al ton , I l l i n o i s , which is 
about 442 k m f r o m 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 and 16 k m d o w n s t r e a m 
f r o m the poin t w h e r e t h e I l l i n o i s R i v e r m e r g e s with the M i s s i s s i p p i R i v e r . 

E. S e i s m o l o g y 

R e a l i s t i c p r e d i c t i o n s r e g a r d i n g e a r t h q u a k e s , o r e a r t h s h o c k s , a s 
wel l a s t h e i r f r e q u e n c y and s e v e r i t y , can only be b a s e d upon the s e i s m i c 
h i s t o r y of the a r e a c o n c e r n e d and t h e s t a t i s t i c a l r e p r e s e n t a t i o n wh ich h i s t o r y 
p r o v i d e s . S ign i f i can t g e o l o g i c a l f e a t u r e s , such as known s l i p - p l a n e s o r 
f a u l t s , p e r t i n e n t to an a r e a p l ay an i m p o r t a n t r o l e in the s e i s m i c h i s t o r y of 
t ha t a r e a and a r e , t h e r e f o r e , to be c o n s i d e r e d a s f a c t o r s in the p r e d i c t i o n of 
an e a r t h q u a k e . 

T h e r e i s one known fault zone in the a r e a . T h i s faul t , known as the 
"Sandwich" fault ( p a s s i n g t h r o u g h Sandwich , I l l i n o i s ) , s t r i k e s a p p r o x i m a t e l y 
S 60° E and is l o c a t e d a p p r o x i m a t e l y 33 k m (20 m i l e s ) f r o m the s i t e as 
m e a s u r e d a long a l i ne n o r m a l to the fault and b e a r i n g f r o m the s i t e a p p r o x i ­
m a t e l y S 30° W. I t i s u n c e r t a i n wha t the d ip of t h i s fault m a y b e . It i s 
e s t i m a t e d tha t the m a j o r m o t i o n a long th i s fault o c c u r r e d d u r i n g the P a l e z o i c 
e r a and s o m e t i m e b e f o r e the P e n n s y l v a n i a n p e r i o d ended and a f te r t he 
S i l u r i a n p e r i o d . (Some e s t i m a t e the fault w a s f o r m e d due to t h e uplift of 
the L a S a l l e a n t i c l i n e in n o r t h e r n I l l i no i s a f te r t he M i s s i s s i p p i a n p e r i o d . ) 
T h e r e m a y be o t h e r fau l t s p a r a l l e l i n g and a s s o c i a t e d wi th t h e Sandwich 
fault.^ T h e s e fault i n d i c a t i o n s , wh ich l i e about 3.3 k m (2 m i l e s ) n o r t h of 
the known faul t , would b r o a d e n the zone of fau l t ing . 
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A s m a l l a r e a (of about 25 s q u a r e m i l e s ) of s e v e r e faul t ing i s l o c a t e d 
a p p r o x i m a t e l y 36 k m (22 m i l e s ) n o r t h of the s i t e and h a s b e e n m a p p e d a s the 
" D e s P l a i n e s D i s t u r b a n c e , " ^ B e c a u s e of t h e n u m b e r , s e v e r i t y and l o c a l 
n a t u r e of t h e s e faul t s ( t i l ted b l o c k s and b r o k e n r o c k to d e p t h s of 1600 feet) 
c o n c l u s i o n s m a d e f r o m d e t a i l e d s t u d i e s of t h i s a r e a a r e t ha t t h i s chao t i c 
d i s t u r b a n c e w a s t h e r e s u l t of the focus ing of r e g i o n a l f o r c e s o r t h e r e s u l t 
of the i m p a c t of a l a r g e me teo r i t e . ' * 

A c h r o n o l o g i c a l l i s t of the e a r t h q u a k e s wi th e p i c e n t e r s wi th in a 
600 k m r a d i u s of the Z P R - 6 and -9 S i t e and wi th a p r o b a b l e i n t e n s i t y of III 
(as e v a l u a t e d in t e r m s of the Modif ied M e r c a l l i I n t e n s i t y S c a l e of 1931) o r 
g r e a t e r , felt a t the Z P R - 6 and -9 S i t e is as follows:^ 

M a p 

L o c a t i o n 
N u m b e r 

1 

2 

2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Date 

8 / 2 0 / 1 8 0 4 

1 2 / 1 6 / 1 8 1 1 

1 /23 /1812 

2 / 7 / 1 8 1 2 

1 0 / 3 1 / 1 8 9 5 

5 / 2 6 / 1 9 0 9 

7 / 1 8 / 1 9 0 9 

1 /2 /1912 

4 / 9 / 1 9 1 7 

3 / 8 / 1 9 3 7 

1 1 / 2 3 / 1 9 3 9 

8 / 9 / 1 9 4 7 

E p i c e n t e r 

C h i c a g o , I l l i no i s 

New M a d r i d , M i s s o u r i 

New M a d r i d , M i s s o u r i 

New M a d r i d , M i s s o u r i 

C h a r l e s t o n , M i s s o u r i 

A u r o r a , I l l i no i s 

C e n t r a l I l l i no i s 

B e t w e e n A u r o r a and 
M o r r i s , I l l i no i s 

DeSoto , M i s s o u r i 

L i m a , Ohio 

W a t e r l o o , I l l i no i s 

B a t t l e C r e e k , M i c h i g a n 

Ex t en t of 
T r e m o r in 

S q u a r e M i l e s 

30,000 

2 ,000,000 

2 ,000,000 

2,000,000 

1,000,000 

500,000 

40,000 

40,000 

200,000 

150,000 

150,000 

50,000 

M a x i m u m 
I n t e n s i t y 
at C e n t e r 

X 

X 

X 

VIII 

VIII 

V I I 

V I * 

V I 

VII-VIII 

V 

VI 

E s t i m a t e d 
P r o b a b l e 
I n t e n s i t y 

at S i t e 

-

I V 

I V 

I V 

I V 

V I I 

I I I 

VI 

I V 

I I I 

I I - I I I 

I I I 

O t h e r s t r o n g t r e m o r s felt in the a r e a , but wi th e p i c e n t e r s g r e a t e r 
t h a n 600 k m away , a r e as fo l lows : 

Date Epicenter 

Exten t of 
T r e m o r in 

S q u a r e M i l e s 

2 ,000,000 

2 ,000,000 

M a x i m u m 
I n t e n s i t y 
at C e n t e r 

X 

VIII 

E s t i m a t e d 
P r o b a b l e 
I n t e n s i t y 

at S i te 

I I I 

I I I 

8/31/1886 Charleston, South Carolina 

2/28/1925 Quebec, Canada 

F i g u r e I I I -7 shows the r e l a t i v e e p i c e n t e r l o c a t i o n s of the v a r i o u s 
e a r t h q u a k e s tha t h a v e b e e n e x p e r i e n c e d at the Z P R - 6 and -9 S i te ( in ten­
s i ty III o r m o r e ) . None of the e a r t h q u a k e s shown can be c o n s i d e r e d a s 
hav ing a d a m a g i n g effect on s t r u c t u r e s of a d e q u a t e d e s i g n and l o c a t e d at 
t he s i t e . 

0,07 g maximum for a period ranging between 0,3 to 0,6 seconds,' 
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Fig, III-7. ZPR-6 and -9 Proximal Earthquakes 

0 
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C h a p t e r IV 

D E S C R I P T I O N O F F A C I L I T Y 

A. G e n e r a l D e s c r i p t i o n 

The Z P R - 6 and -9 f a c i l i t i e s ' " ^ a r e s p l i t - t a b l e type c r i t i c a l a s s e m ­
b l i e s c o n s i s t i n g of one s t a t i o n a r y and one m o v a b l e t ab l e a s shown in 
F i g . I V - 1 . A schemiat ic d i a g r a m of the f ac i l i t y showing d e t a i l s i s g iven in 
F i g . I V - 2 . The two t a b l e s a r e 3.7 m e t e r s (12 ft) wide and 2.4 m e t e r s (8 ft) 
long which r e s t s on a c a s t s t e e l bed . On e a c h t a b l e a r e s t a c k e d h o r i z o n t a l l y 
a 45 r o w by 45 c o l u m n a r r a y of 5.5 c m (2 in.) s q u a r e s t a i n l e s s s t e e l tubing 
of 1.2 m e t e r s (4 ft) f o r m i n g half of a 2.4 m e t e r s (8 ft) cube r e a c t o r . The 
t u b e s a r e c o n s t r a i n e d in p o s i t i o n by m a s s i v e s u p p o r t s on both s i d e s . F i s s i l e 
m a t e r i a l such a s e n r i c h e d u r a n i u m , p l u t o n i u m , and m a t e r i a l s such a s d e ­
p l e t e d u r a n i u m , s t a i n l e s s s t e e l , a l u m i n u m , z i r c o n i u m , g r a p h i t e and ox ides 
of heavy m e t a l s a r e a v a i l a b l e to s i m u l a t e v a r i o u s r e a c t o r c o m p o s i t i o n s . 
T h e s e m a t e r i a l s a r e l oaded in to d r a w e r s 5 x 5 c m of v a r i o u s l eng ths such 
a s 38 c m (15 in . ) , 61 c m (24 in.) or 81 c m (32 in.) for i n s e r t i o n f r o m the 
i n t e r f a c e in to the m a t r i x t u b e s . E a c h half of the r e a c t o r h a s five fue l -
b e a r i n g d u a l - p u r p o s e c o n t r o l / s a f e t y r o d s . A d u a l - p u r p o s e safe ty r o d i s in 
the c o r e d u r i n g n o r m a l o p e r a t i o n and a s the n a m e i m p l i e s i s e j e c t e d (by 
s p r i n g ac t ion) f r o m the c o r e w h e n s c r a m m e d . A d u a l - p u r p o s e c o n t r o l rod 
i s a l s o e j e c t e d (by s p r i n g ac t ion) f r o m the c o r e when s c r a m m e d ; h o w e v e r , 
the d u a l - p u r p o s e c o n t r o l r o d m a y be in, p a r t i a l l y in, or out of the c o r e 
w h e n e v e r the t a b l e s a r e t o g e t h e r . 

In add i t ion , up to twe lve B safe ty b l a d e s ( s ix p e r half) a r e a v a i l a b l e 
for a d d i t i o n a l shu tdown if n e e d e d . T h e s e b l a d e s c o n t a i n a p p r o x i m a t e l y 
268 g m s of B and a r e i n s e r t e d into the r e a c t o r by s p r i n g a c t i o n when a 
s c r a m o c c u r s . F o u r of the B b l a d e s (two p e r half) m a y a l s o be u s e d a s 
c o n t r o l r o d s w h e n n e c e s s a r y . The b a s i c d i f f e r e n t i a t i o n b e t w e e n w h e t h e r a 
dua l p u r p o s e r o d or B sa fe ty b l a d e i s c l a s s i f i e d a s a c o n t r o l or safe ty r o d 
i s the fac t t ha t a r o d d e s i g n a t e d a s a sa fe ty r o d i s m o v e d to i t s p o s i t i o n of 
m a x i m u m r e a c t i v i t y w o r t h (DP r o d s in to the c o r e , '°B r o d s out of the c o r e ) 
b e f o r e the m o v a b l e t ab le i s s t a r t e d to c l o s u r e and a r e t hus a v a i l a b l e to r e ­
m o v e r e a c t i v i t y . Rods d e s i g n a t e d a s c o n t r o l r o d s a r e m o v e d to p o s i t i o n s of 
t h e i r m a x i m u m r e a c t i v i t y w o r t h a f t e r the t a b l e s a r e t o g e t h e r . R e g a r d l e s s 
w h e t h e r a r o d i s d e s i g n a t e d a s a c o n t r o l o r safe ty rod , the rod wi l l s c r a m 
upon a s c r a m s i g n a l by s p r i n g o p e r a t i o n . After the t a b l e s a r e t o g e t h e r any 
rod m a y be d e s i g n a t e d a s a c o n t r o l or safe ty r o d a t the op t ion of the 
o p e r a t o r . 

Tab le nnovement i s n o r m a l l y ef fec ted by one of four e l e c t r i c m o t o r s . 
The s p e e d of the m o v a b l e t ab l e f r o m full s e p a r a t i o n of 152 c m to 45 c m i s 
25 c m / m i n (10 i n . / m i n ) f r o m 45 c m to 8 c m i s 5.1 c m / m i n (2 i n . / m i n ) and 
f r o m 7.5 c m to 0 s e p a r a t i o n i s 0.42 c m / m i n ( 1 / 1 6 i n . / m i n ) . E a c h of the 
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t h r e e m o t o r s c a n d r i v e the t ab l e in o r out o v e r i t s r e s p e c t i v e o p e r a t i o n a l 
r a n g e . The fou r th m o t o r i s a u t o m a t i c a l l y e n e r g i z e d w h e n a s c r a m cond i t i on 
o c c u r s and s e p a r a t e s the r e a c t o r h a l v e s . Th i s e l e c t r i c s c r a m m o t o r i s 
b a c k e d up by an a i r m o t o r wh ich i s p o w e r e d by c o m p r e s s e d - b o t t l e d n i t r o g e n 
s t o r e d in the r e a c t o r c e l l . 

E a c h half of the a s s e m b l y c o n t a i n s an a m e r i c i u m - b e r y l l i u m s t a r t u p 
n e u t r o n s o u r c e w h o s e i n t e n s i t y i s about 10 n e u t r o n s p e r s e c o n d which m a y 
b e d r i v e n in o r out of the a s s e m b l y by r e m o t e c o n t r o l . C o n t r o l c o n s o l e and 
n u c l e a r i n s t r u m e n t a t i o n a r e l o c a t e d in the c o n t r o l r o o m to r e m o t e l y c o n t r o l 
the m o v e m e n t of the t a b l e and r o d d r i v e m e c h a n i s m s and to m o n i t o r the 
n e u t r o n popu la t ion . A m o r e d e t a i l e d d e s c r i p t i o n of the Z P R - 6 and -9 f a c i l i ­
t i e s c a n be found in R e f s . 1 a n d 4 , Z P R - 9 i s an i d e n t i c a l f ac i l i t y to Z P R - 6 
e x c e p t t h a t i t c u r r e n t l y h a s a snna l l e r s t e e l m a t r i x a s s e m b l y (1 .6 x 1.6 x 
2.4 m). Wi th in the nex t y e a r , suff ic ient s t a i n l e s s s t e e l m a t r i x t u b e s wi l l 
b e c o m e a v a i l a b l e so tha t the Z P R - 9 wi l l have a m a t r i x a s s e m b l y (2.4 x 
2.4 x 2.4 m) the s a m e s i z e a s Z P R - 6 . 

Al though the m a t r i x s u p p o r t s and c o n t r o l r o d m o u n t i n g p l a t e have 
b e e n s i z e d to m a t c h a 2.4 m^ (8 ft cube) m a t r i x a s s e m b l y , only m i n o r m o d i ­
f i c a t i ons a r e n e c e s s a r y to m a k e a 3 x 3 x 2.4 m (10 x 10 x 8 ft) m a t r i x a s ­
s e m b l y . In the c o u r s e of the p r e s e n t e x p e r i m e n t a l p r o g r a m i t m a y be 
n e c e s s a r y to m a k e a l a r g e r c r o s s s e c t i o n a l a r e a m a t r i x . E a c h of the t a b l e s 
i s d e s i g n e d to c a r r y a p p r o x i m a t e l y 82 m e t r i c t ons e a s i l y wh ich i s a d e q u a t e 
to hand le the l a r g e r c o r e s . A s u m m a r y of the p h y s i c a l c h a r a c t e r i s t i c s of 
the r e a c t o r f a c i l i t i e s in the Z P R - 6 and -9 c e l l s i s g iven in T a b l e I V - 1 . 

Tab le I V - 1 

SUMMARY O F P H Y S I C A L C H A R A C T E R I S T I C S O F Z P R - 6 AND - 9 

6.5 m (256 in.) 
2.6 m (103 in.) 
43 .3 c m (17 in.) 
-17,500 kg (38,500 lb) 
C a s t , h i g h - t e n s i l e , s e m i s t e e l 

2.4 m (96 in.) 
3.7 m (144 in.) 
46 c m (18 in.) 
-10,000 kg (22,000 lb) 
C a s t , h i g h - t e n s i l e , s e m i s t e e l 

Bed and T a b l e A s s e m b l y 

B e d 

L e n g t h 
Width 
He igh t 
Weigh t 
M a t e r i a l 

T a b l e s 

L e n g t h 
Width 
T h i c k n e s s 
We igh t 
M a t e r i a l 



Table IV-1 (Contd.) 

Tested Loading Capacity 

Each Table 

Total 

Table Drive and Travel 

Separat ion 

F a s t - c l o s u r e (forward) Speed 

Motor Rating 

In t e rmed ia t e - c lo su re (forward) 
Speed 

Motor Rating 

Slow-closure (forward) Speed 

Motor Rating 

F a s t - s e p a r a t i o n ( reverse ) Speed 

Motor Rating 

Emergency Separat ion Speed 

Type Motor 

Rating 

Matr ix Assembly 

Overall Dimensions 

Tables Together 

Width 

Length 

Height 

82,000 kg (180,000 lb) 

164,000 kg (360,000 lb) 

1.52 m (60 in.) (nominal) 

25 c m / m i n (10 in . /min) to 
46 cm (18 in.) separat ion 

3/4 hp 

5 c m / m i n (2 in . /min for Pu 
operat ion and 15 c m / m i n (6 in . /min) 
for U operat ion from 46 cm to 
7.6 cm (3 in.) separat ion 

1/2 hp 

0.42 c m / m i n ( I / 6 in . /min) for 
Pu operat ion and 1.3 c m / m i n 
(1/2 in . /min) for U operat ion 
f rom 7.6 cm to 0 cm separat ion 

1/4 hp 

76 c m / m i n (30 in . /min) 

1 hp 

76 c m / m i n (30 in . /min) 

Air operated 

0.9 hp 

2.5 m (8 ft) (nomina l - -va r i e s 
with load) 

2.5 m (96 in.) 

2.5 m (8 ft) (nomina l - -va r ies 
with load) 



Table IV-1 (Contd.) 

Matr ix Assembly on One Table 

Width 

Length 

Height 

Standard Tube Bundles 

25 Tubes/Bundle 

Size 

Total Maximum Number 
Bundles 

Maximum Number per Half 

Maximum Nunnber of Tubes 

Tube Dimensions 

Length 

Width and Height 

Tube Mate r ia l 

Control and Safety Rods 

Dual Purpose Rods 

Number 

Drive Motor 

Maximum Reactivity Addition 
Speed 

Sc ram Drive 

Length of Stroke 

Sc ram Tinae 

Approximate Maximum 
Reactivi ty Addition Rate 

Overal l Dimension of Control 
Drawer 

Length 
Width 
Height 
Wall Thickness 

2.5 m (8 ft) (nomina l - -va r ies 
with load) 

1.22 m (48 in.) 

2,5 m (8 ft) (nomina l - -va r i e s 
with load) 

5 row^s and 5 colunans 

1.2 m length (48 in,) 27 cm sq 

162 

81 

4050 

1,2 m (48 in,) 

5.5 cm (2.17 in.) 

Type 304 s ta in less s t ee l / a luminum 

5 per half 

27 V dc (fractional hp) 

1 c m / s e c 

Spring loaded 

-61 cm (24 in.) 

< 300 m s / - | of s t roke 

0,04 $/sec 

1 m (40 in.) 
5.2 cm (2.06 in,) 
5,2 cm (2,06 in,) 
0.12 cm (0.048-0.051 in.) 



T a b l e I V - 1 

I n s e r t i o n Safety Rods 

N u m b e r 

N o r m a l D r i v e 

Max R e a c t i v i t y Addi t ion Speed 

Sc rana D r i v e 

L e n g t h of S t r o k e 

S c r a m T i m e 

Ou t s ide D i m e n s i o n s of S t a n d a r d 
^°B Safety Rod 

Width 
L e n g t h 
T h i c k n e s s 
Leng th of ^°B A r e a 

N e u t r o n S o u r c e A s s e m b l y 

N u m b e r 

N e u t r o n S o u r c e S t r e n g t h 

S o u r c e 

S o u r c e D r i v e Moto r 

T i m e to T r a v e l f r o m Coffin to 
F u l l I n s e r t i o n 

S o u r c e P o s i t i o n 

Along R a d i a l D i r e c t i o n 

D i s t a n c e f r o m M a t r i x 
I n t e r f a c e 

L o c a t i o n 1 
L o c a t i o n 2 

S o u r c e Coffin Size 

B. R e a c t o r I n s t r u m e n t a t i o n and Cont i 

1. D e s c r i p t i o n of the I n s t r u r r 

(Contd.) 

Up to 6 p e r half 

27 V dc e l e c t r i c m o t o r ( f r a c t i o n a l hp) 

1. 5 c m / s e c 

L o a d e d s p r i n g 

76 c m (30 in . ) 

<300 m s / l of s t r o k e 

5 c m (2 in.) 
78 c m (31 in.) 
0.95 c m ( 3 / 8 in.) 
71 c m (28 in.) 

1 p e r half 

10 n e u t r o n s / s e c ( m i n i m u m ) 

A m - B e 

R e v e r s i b l e , 115 V ac ( f r ac t i ona l hp) 

1-2 m i n 

C o r e - b l a n k e t i n t e r f a c e 

A p p r o x i m a t e l y 10 c m (4 in.) 
A p p r o x i m a t e l y 20 c m (8 in.) 

61 dia (24 in. dia) 

o l s 

e n t s 

S ince the d e t a i l s of the i n s t r u m e n t s , c o n t r o l c i r c u i t r y and e l e c ­
t r i c a l i n t e r l o c k s have not b e e n d e s c r i b e d in d e t a i l p r e v i o u s l y , t h e s e s y s t e m s 



a r e d e s c r i b e d be low . The Z P R - 6 and - 9 c r i t i c a l f a c i l i t i e s a r e equ ipped wi th 
the fol lowing i n s t r u m e n t c h a n n e l s for s t a r t u p and o p e r a t i o n . 

a. C h a n n e l s 1 and 2 a r e BF3 p r o p o r t i o n a l c o u n t e r s wi th aud ib l e 
p o p p e r s and log count r a t e m e t e r s . T h e s e p r o v i d e dup l i ca t e l o w - l e v e l t r i p 
c i r c u i t s wh ich r e m a i n in the t r i p cond i t i on un t i l the count r a t e s e x c e e d a 
p r e d e t e r m i n e d l e v e l . A s c h e m a t i c d i a g r a m i s shown in F i g . I V - 3 . 

b. C h a n n e l 3 shown in F i g . I V - 4 c o n s i s t s of h igh s e n s i t i v i t y 
(3 X 10"^^ a m p / n v ) u n c o m p e n s a t e d BF3 ion c h a m b e r and a DC m u l t i r a n g e 
l i n e a r e l e c t r o m e t e r wi th r e c o r d e r and buck ing c u r r e n t s o u r c e . The buck ing 
c u r r e n t c a n be u s e d to c a n c e l out p a r t of the input c u r r e n t and p r o v i d e s a 
high l e v e l of a c c u r a c y w h e n i t i s r e q u i r e d to hold the r e a c t o r n e u t r o n l e v e l 
c o n s t a n t or r e t u r n the r e a c t o r flux to a known flux for rod c a l i b r a t i o n s , e t c . 

c. C h a n n e l 4 c o n s i s t s of a BF3 ion c h a m b e r and a DC m u l t i -
r a n g e l i n e a r e l e c t r o m e t e r wi th a t r i p l e v e l wh ich i s a d j u s t a b l e f r o m 5 to 
105% of full s c a l e on e a c h r a n g e a s shown in F i g . I V - 5 . T r i p c i r c u i t s a r e 
in the m a i n p o w e r c h a i n and in the d u a l - p u r p o s e r o d and B safe ty b l a d e 
m a g n e t c h a i n s . It i s u s e d a s the m a i n safe ty a m p l i f i e r . 

d. C h a n n e l s 5 and 6 a s shown in F i g . I V - 6 and IV-7 r e s p e c ­
t ive ly , a r e h i g h - l e v e l sa fe ty t r i p - c i r c u i t s , e a c h with a BF3 ion c h a m b e r and 
a DC m u l t i r a n g e l i n e a r e l e c t r o m e t e r . The t r i p l e v e l s a r e n o r m a l l y ad ­
j u s t e d to s c r a m t h e r e a c t o r if the n e u t r o n l e v e l i n c r e a s e s f r o m 1/2 to 1 
d e c a d e above the h i g h e s t o p e r a t i n g l e v e l e s t a b l i s h e d for the day. 

e. C h a n n e l s 7 and 8 a s shown in F i g . I V - 8 a r e d u p l i c a t e l o g - n 
a m p l i f i e r s and p e r i o d m e t e r s wi th BF3 ion c h a m b e r s and t h r e e t r i p c i r c u i t s 
in e a c h c h a n n e l . A s ing le r e c o r d e r s i m u l t a n e o u s l y r e c o r d s the n e u t r o n 
l e v e l and the p e r i o d for e i t h e r c h a n n e l . In bo th i n s t r u m e n t s a t ab l e t r i p wi l l 
o c c u r for p e r i o d s of a p p r o x i m a t e l y 20 s e c o r l e s s . T h i s t r i p w i l l s top the 
t a b l e ' s f o r w a r d m o t i o n bu t does not i n t e r f e r e wi th t ab l e s e p a r a t i o n . An 
a d j u s t a b l e t r i p n o r m a l l y p r e s e t a t 12 s ec and a 5 sec b a c k u p t r i p a r e in the 
m a i n c o n t r o l p o w e r cha in , and in the d u a l - p u r p o s e rod and B safe ty b l a d e 
m a g n e t c h a i n s . 

f. C h a n n e l 9 shown in F i g . I V - 9 c o n s i s t s of five i o n i z a t i o n -
type g a m m a m o n i t o r s to i n d i c a t e the l e v e l s of r a d i a t i o n a t v a r i o u s l o c a t i o n s 
for p e r s o n n e l p r o t e c t i o n . One m o n i t o r i s l o c a t e d on top of the r e a c t o r , 
a n o t h e r i s j u s t i n s i d e the c e l l by the p e r s o n n e l door , a t h i r d in the c o n t r o l 
r o o m on the sou th wa l l , and the o t h e r two a r e l o c a t e d in the n o r m a l and 
e m e r g e n c y e x h a u s t , r e s p e c t i v e l y . 



BFg PROPORTIONAL 
COUNTER PRE-AMP 

SIGNAL CABLE 

LINEAR AMPLIFIER 

AUXILIARY DISCRIMINATOR 
OUTPUT 

HI-VOLTAGE 

SUPPLY 

PRE-AM P 
POWER CABLE 

DISCRIMINATOR OUT PUT 

DISCRIMINATOR OUT PUT 

SCALER 

SOURCE BY-PASS 
KEY SWITCH _ 

COUNT-RATE METER 

-O O-
^ / S E E CONTROL-POWER 

LSR-I CLOSED WHEN TABLE 1 ' f S Q C K CHAIN 

IN "OUT" POSITION 

-HI 

-a-

ICR/2CR 

IjLiMSLLr-i 

LOW LEVEL TRIP RELAY (COIL) 

- d 1 I — 
TB ICR TB 2CR TB 
1569 CONTACT 1568 CONTACT 1570 

CONTROL-POWER INTERLOCK CHAIN 

SEE 25 CM/MIN MOTOR DRIVE CHAIN- -O O 
• SOURCE BY-PASS KEY SWITCH 

-D-
TB ICR 

a w CONTACT 

HI- 25 CM/MIN MOTOR DRIVE CHAIN 

TB 2CR TB 
1571 CONTACT 1573 

Fig, IV-3. Channels No. 1/No. 2. ANL Neg. No. 112-8115 Rev.l. 



1 REUTER-STOKES 
BF3 IONIZATION 

1 CHAMBER MODEL RSN 77A 

ARGONNE PICO AMMETER 
MODEL CD27IA WITH 

BUCKING CURRENT 

HONEYWELL 
RECORDER 

JOHN FLUKE CHAMBER 
HI-VOLTAGE INTER­
LOCK MODEL 412A 

JOHN FLUKE 
HI-VOLTAGE SUPPLY 

MODEL 4I2A 

CONTACT IN CHAMBER HI-VOLTAGE INTERLOCK UNIT 

II - O CONTROL POWER INTERLOCK CHAIN 

Fig. IV-4. Channel No. 3. ANL Neg. No. 112-8112. 



RSN-77A JOHN FLUKE 412A TRIP PANEL JOHN FLUKE MODEL 412A 

REUTER STOKES 

IONIZATION 
CHAMBER 

C-41 

C-40 

ARGONNE 

PICOAMMETER 
CD-271 

TRITCTRCUIT 

+600V CHAMBER 
VOLTAGE 
INTERLOCK 
RELAY 

4CRA 
I 

4CRB 
I 

—a 

4CRB 

TRIP LIGHT CIRCUIT 

„ 4CRB a 

CHAMBER 
VOLTAGE 
SUPPLY 

HONEYWELL 
RECORDER 

LINEAR O-IOmV 

TRIP RESET CIRCUIT 

TB 

1291 h -LH^h^ 
c4CRA I , TB 

217 CONTROL-POWER INTERLOCK CHAIN 

8CRB-II J^",L3 
TB 

1297 DUAL-PURPOSE-ROD MAGNET-POWER SUPPLY 

8CRB-I0 
4CRA 

d2^^ 
TB 

- | 1293 I B-IO SAFETY-ROD MAGNET-POWER SUPPLY 

Fig. IV-5. Channel No. 4. ANL Neg. No. 112-8111 Rev.l. 



RSN-77A JOHN FLUKE 4I2A TRIP PANEL JOHN FLUKE MODEL 412A 

REUTER STOKES 

IONIZATION 
CHAMBER 

C-! 31 +600V 

C-50 

ARGONNE 
PICOAMMETER 

CD-271 

TRIP CIRCUIT 

D E G H 

A 

CHAMBER 
VOLTAGE 
INTERLOCK 
RELAY 

CHAMBER 
VOLTAGE 
SUPPLY 

5CRA 5CRB 
2 2 
a 

* • 
a 

1 1 

c 5CRA ,„ 

TRIP LIGHT CIRCUIT 

»5CRB7 R S C R A . 

c5CRB,„ 

•>T • 

"^1 - '>r\ • 
TRIP RESET CIRCUIT 

TB 

1219 
4^?1°J2 

-HI-»— 

TB 

1240 CONTROL-POWER INTERLOCK CHAIN 

8CRA-II -Ml-^— '6CR-6 DUAL-PURPOSE-ROD MAGNET-POWER SUPPLY 

8CRA-I0 
5CRA 

if] I I 
6CR-5 B-IO SAFETY-ROD MAGNET-POWER SUPPLY 

Fig. IV-6. Channel No. 5. ANL Neg. No. 112-8110 Rev.l. 



RSN-77A 

-o 
61 

/ CHAMBER VOLTAGE 

o SIGNAL 

\ 
60 

TRIP RELAY 6 CR 
RELAY COIL 

FLUX 
AMPLIFIER 

BUILT IN TRIP 
CHAMBER VOLTAGE & SELF 

CHECK FEATURE 

::J;^*(IN RANGE SWITCH) 

CLOSED WHEN UNIT IS OPERATING 
AND NOT TRIPPED 

TB 

1240 

6CR-C0NTACT TB 

139 
CONTROL POWER INTERLOCK CHAIN 

6CR-C0NTACT 
6 , ,11 

-ODUAL-PURPOSE-ROO MAGNET-POWER CHAIN 

6CR-C0NTACT 

5 . ,10 
B-IO SAFETY ROD MAGNET-POWER CHAIN 

Fig. IV-7. Channel No. 6. ANL Neg, No. 112-8114 Rev.l. 



BF3 
IONIZATION 
CHAMBER 

C83 
C73 
-e— 

^ (REMOTE CURRENT) 
C8I ^ ' 

LOG-N 
PREAMPLIFIER 

g ? (SIGNAL) 

LOG-N 
PREAMPLIFIER 
POWER SUPPLY 

SD-1 

CHAMBER VOLTAGE 

INTERLOCK CONTACTS 

CHAN CHAN , \°, 

CLOSED WHEN SOURCES ARE MOVING IN 

#8 #7 1192 

D-

SD-I SD-2 
7CRB 8CRE 7CRA 8CRB 

- ^ f * i ^ h f ^ h ^ ^ h-
7 CRA 8CRA 7CRE 8CRB 
6 M II 6 , , II 6,111 6 , , 11 

TB 
1563 

D-
TB 
1562 

7CRA 8CRA 7CRB 8CRB 
5 II 10 5 I I 10 5) lie 5 II 10 

D-
7CRC 
I I 5 

K3-1 

D-
TB 
1358 

Q-
TB 
1363 

-Eh-
TB 

8CRC 1352 

TB 
,o„o 1359 7CRC 

- ^ ^ - ^ 
1364 

8CRC 

7CRC 
4i I I 

8CRC 
3| |6 

CHAMBER VOLTAGE 
INTERLOCK RELAYS 

CHAMBER VOLTAGE 
SUPPLY 

ARGONNE MODEL CD-it86 

CHANNEL #7im MOV AC 
-O nHQT" 

5 SEC J _ ADJ J _ TABLE 
-TRIP TRIP - r TRIP 

SHOWN NOT ENERGIZE 
(TRIPPED) 

7CRA 

8CRA 

7CRB 

8CRB 

7CRC 

8CRC 

TRIP RELAYS (COILS) 

NOV AC 
'COMMON 

-QCONTROL-POWER INTERLOCK CHAIN 
TB 

1291 

TO iJCRB I I IN 
O DUAL-PURPOSE ROD-MAGNET-POWER CHAIN 

TO 4CRA 12 IN 
- o B - I O SAFETY-ROD-MAGNET-POWER RELAY CHAIN 

- • 2 5 cm/min MOTOR-POWER RELAY CHAIN 
TB 

1309 

- D 6 cm/mIn MOTOR-POWER RELAY CHAIN 
TB 

1-40 
TO K5-3 IN 

— O 0.42 cm/min MOTOR-POWER RELAY CHAIN 

Fig. IV-8. Channels No. 7/No. 8. ANL Neg. No. 112-8108 Rev.l. 
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RECORDER 
(ELECTRONIK 17) 

NOTES: 

1. RELAYS SHOWN NOT TRIPPED 
2. LISTS ARE FOR RELAY TRIPPED 

CONDITIONS 

—1 
UJ 

SELECTOR SWITCH 

i 1 

NORMAL EXHAUST 

0 -1000 MR/HR 

—1 
u i 
> a£ 
U J O 
_ i V3 

z 
- I t u 

•** 

1 

EMERGENCY EXHAUST 

0 -1000 MR/HR 

1 

"J 

1 

J 

S o : 

O " 

is 

CELL BY "B" DOOR 

0 - 1 0 0 0 MR/HR 

UJ 
=» oc 
UJ o 

^ ^ 
•«X UJ 
3 : oo 

7 

,1 

CONTROL ROOM 

C-IOOO MR/HR 

UJ 
=«- oc 
LU O 
_ » OO 

-«t UJ 

! • " 

•< 

CELL ON REACTOR 

0 - 1 0 0 0 R /HR 

REMOTE AREA GAMMA MONITORING SYSTEM 

1 1 1 1 1 

^ # 

R-23 RELAY COIL R-28 RELAY COIL R-2it RELAY COIL 

R-23 RELAY COIL 

1. SEALS CELL AIR VALVES 
2. EMERGENCY EXHAUST VALVE 

OF OTHER CELL CLOSED 

3. GAMMA HORN SOUNDED 

H. RED LITE-RADIATION HIGH 
IN NORMAL EXHAUST GOES ON 

R-28 RELAY COIL 

1. GAMMA HORN SOUNDED 
2. RED LITE-RADIATIOH HIGH IN 

EMERGENCY EXHAUST GOES ON 

R-2i; RELAY COIL 

1. SEALS CELL AIR VALVES 
2. EMERGENCY EXHAUST VALVE 

OF OTHER CELL CLOSED 

3. GA»«1A HORN SOUNDED 

1̂. RED LITE-RADIATION HIGH 
ON AIR CONDITIONING 

MOV 

oAC HOT 

O IIOV 

AC HOT 

IIOV AC COMMON 

GAMMA HORN 

•R-19 ACTUATED BY R-28 

"R-3 ACTUATED BY R-23 
OR R-24 

" • R - 2 9 IS A HORN OVERRIDE 
RELAY ACTUATED BY BUT­
TON ON AIR CONDITIONING 
PANEL 

Fig. IV-9. Channel N o . 9 



In F i g s . I V - 3 t h r o u g h I V - 9 , t he m a n u f a c t u r e r and m o d e l n u m b e r s 
a r e g iven for the n u c l e a r i n s t r u m e n t s for i l l u s t r a t i v e p u r p o s e s only . T h e s e 
f i g u r e s i n d i c a t e i n s t r u m e n t s which c u r r e n t l y a r e in u s e wi th the f a c i l i t i e s . 
P e r i o d i c a l l y i n s t r u m e n t s wi l l be m o d i f i e d o r r e p l a c e d by d e v i c e s v/hich have 
s u b s t a n t i a l i m p r o v e m e n t s in t h e i r d e s i g n and o p e r a t i n g c h a r a c t e r i s t i c s . T h i s 
upda t ing i s c a r r i e d out in o r d e r to m a i n t a i n the h i g h e s t r e l i a b i l i t y and 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 a t t a i n a b l e for the o p e r a t i n g n u c l e a r i n s t r u m e n t a t i o n . 

B e f o r e any m o d i f i c a t i o n s a r e m a d e to the n u c l e a r i n s t r u m e n t a ­
t ion, the p r o p o s e d c h a n g e s wi l l be review^ed by the R e a c t o r M a n a g e r for 
sa fe ty c o n s i d e r a t i o n s . The R e a c t o r M a n a g e r m a y r e q u e s t f u r t h e r r e v i e w 
and a p p r o v a l e i t h e r at the D i v i s i o n a l o r L a b o r a t o r y m a n a g e m e n t l e v e l s a s 
d i s c u s s e d in C h a p t e r VII if t he change i n v o l v e s m o r e t han a r o u t i n e m a i n t e ­
n a n c e o r r e p l a c e m e n t and h a s r e a c t o r sa fe ty i m p l i c a t i o n s . If t he m o d i f i c a ­
t i ons involve sa fe ty c o n s i d e r a t i o n s o u t s i d e of the s cope of the a p p r o v e d SAR 
and addenda , t h e y wi l l be s u b m i t t e d to the C o m m i s s i o n for f u r t h e r r e v i e w 
and a p p r o v a l p r i o r to the c h a n g e . 

2, I n t e r l o c k s and C o n t r o l S y s t e m 

The b a s i c func t ions n o r m a l l y r e q u i r e d for o p e r a t i o n of the 
Z P R - 6 and - 9 r e a c t o r s a r e a s f o l l ows : 

a. Moving the t a b l e h a l v e s " in" o r " o u t . " 

b . Moving t h e d u a l - p u r p o s e r o d s " in" o r "ou t . " 

c. Moving the B sa fe ty b l a d e s " in" o r " o u t . " 

In a d d i t i o n the fo l lowing func t ions a r e i n c l u d e d for sa fe ty : 

d. I n s e r t i n g the •'"B b l a d e s - - s c r a m . 

e. W i t h d r a w i n g the d u a l - p u r p o s e r o d s - - s c r a m . 

f. S e p a r a t i n g t h e t a b l e h a l v e s - - s c r a m . 

I n s t r u m e n t s and c i r c u i t r y not d i r e c t l y u s e d to a c c o m p l i s h t h e s e s ix func t ions 
a r e i n c o r p o r a t e d to p r o v i d e s y s t e m p e r f o r m a n c e m o n i t o r i n g a n d / o r p o l i c e 
a c t i o n to l i m i t o r i n i t i a t e the above f u n c t i o n s . The sa fe ty func t ions a r e 
a c h i e v e d by: 

a. I n t e r r u p t i n g dc p o w e r to the ^°B safe ty b l a d e m a g n e t s wh ich 
in t u r n a l l o w s c o m p r e s s e d s p r i n g s to d r i v e the ^"B b l a d e s in to the c o r e , 

b . I n t e r r u p t i n g dc p o w e r to the d u a l - p u r p o s e r o d hold ing m a g n e t s 
wh ich in t u r n a l l o w s c o m p r e s s e d s p r i n g s to e j e c t the r o d s f r o m the c o r e , 
and by 

c. A c t u a t i n g a s c r a m m o t o r wh ich d r i v e s the t a b l e h a l v e s a p a r t . 
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Thus t h e r e a r e t h r e e s e p a r a t e and i n d e p e n d e n t s c r a m c h a i n s - - o n e for the 
dua l - ] 
d r i v e . 
d u a l - p u r p o s e r o d s , one for the B b l a d e s , and one for the s c r a m m o t o r 

10 

It i s to be no ted tha t in the c a s e of the B sa fe ty b l a d e s and the 
d u a l - p u r p o s e r o d s , the r e l e a s e of c o m p r e s s e d s p r i n g s e j ec t the d u a l - p u r p o s e 
rod a s s e m b l i e s and i n s e r t s the B r o d s . The s c r a m ac t i on ( r e l e a s e of c o m ­
p r e s s e d s p r i n g s ) i n h e r e n t l y o v e r r i d e s o the r rod d r i v e m o d e s . S u b s e q u e n t l y 
the r o d s t h e m s e l v e s canno t be d r i v e n wi thou t f i r s t dup l i ca t ing in d e t a i l the 
e n t i r e s t a r t u p p r o c e d u r e . The r e a s o n for t h i s i s in p a r t , t ha t the m a g n e t 
a s s e m b l i e s and not the r o d s a r e d r i v e n by m o t o r s . Only a f t e r the s p r i n g s 
a r e c o m p l e t e l y r e c o m p r e s s e d (which o c c u r s w^hen the r o d s and b l a d e s a r e in 
p o s i t i o n s of m i n i m u m r e a c t i v i t y ) and the r o d / b l a d e a s s e m b l i e s a r e m a g n e t i ­
ca l l y l a t c h e d to the m a g n e t a s s e m b l i e s c a n the r o d s be m o v e d . Only s t a r t u p 
p r o c e d u r a l i n t e r l o c k s a r e i n c o r p o r a t e d in the rod d r i v e c h a i n s . It should 
a l s o be no ted t h a t the r o d / b l a d e m a g n e t c h a i n s a c t u a l l y c a r r y m a g n e t c u r ­
r e n t s , i . e . , no r e l a y o r o t h e r i n t e r m e d i a t e d e v i c e i s a c t u a t e d . Thus b r e a k i n g 
the r o d / b l a d e m a g n e t c h a i n s d i r e c t l y i n t e r r u p t s the m a g n e t c u r r e n t s . 

F i g u r e IV-10 d e p i c t s the r e q u i r e m e n t s to s u s t a i n m a g n e t c u r r e n t 
in the B b l a d e and d u a l - p u r p o s e rod m a g n e t s . The d i a g r a m i s self-
e x p l a n a t o r y e x c e p t for the " c o n t r o l p o w e r i n t e r l o c k cha in" r e l a y r e q u i r e ­
m e n t s wh ich a r e e x p l a i n e d be low. 

It should be no ted tha t the s c h e m a t i c d r a w i n g s of the c o n t r o l and 
i n t e r l o c k c i r c u i t r y g iven by the f i g u r e s in t h i s c h a p t e r a r e d e s c r i p t i v e of the 
p r e s e n t s i t ua t i on . They a r e to show the b a s i c func t ions of the i n t e r l o c k s . 
Al though the p r i n c i p l e s of o p e r a t i o n of the c o n t r o l c i r c u i t r y wi l l be m a i n -
ta ined j i t m a y b e c o m e n e c e s s a r y to c h a n g e c o n t r o l c i r c u i t r y f r o m tinae to 
t i m e in o r d e r to i m p r o v e o p e r a t i n g p r o c e d u r e s o r to i nc lude o t h e r r e q u i r e d 
p r o t e c t i v e func t ions . Such c h a n g e s a s n e c e s s a r y m a y be i n t r o d u c e d in to the 
s y s t e m fol lowing r e v i e w by a p p r o p r i a t e l e v e l s of s u p e r v i s i o n . 

E a c h c h a n g e b e f o r e i t s i n t r o d u c t i o n wi l l be revie 'wed and a p ­
p r o v e d by the R e a c t o r M a n a g e r . The R e a c t o r M a n a g e r m a y r e q u e s t a d d i ­
t iona l D i v i s i o n a l o r L a b o r a t o r y l e v e l r e v i e w a s d i s c u s s e d in C h a p t e r VII 
depend ing on the m a g n i t u d e of the c h a n g e . If the m o d i f i c a t i o n s invo lve sa fe ty 
c o n s i d e r a t i o n s o u t s i d e of the scope of the c u r r e n t l y a p p r o v e d SAR and a d ­
denda , the m o d i f i c a t i o n s wi l l be s u b m i t t e d to the C o m m i s s i o n for f u r t h e r 
r e v i e w and a p p r o v a l p r i o r to the c h a n g e . 

F i g u r e I V - 1 1 i s the " c o n t r o l p o w e r i n t e r l o c k cha in" which in ­
s u r e s t ha t c e r t a i n c o n d i t i o n s have b e e n e s t a b l i s h e d p r i o r to r e a c t o r o p e r a ­
t ion . If t h e s e p r o c e d u r e s a r e v i o l a t e d c o n t r o l pow^er canno t be ob t a ined o r i s 
l o s t . Th i s i s r e f l e c t e d a s a s c r a n a cond i t i on in the ^°B safe ty b l ade cha in , 
the d u a l - p u r p o s e rod cha in , and the s c r a m m o t o r cha in ; i t a l s o e n f o r c e s 
p r o c e d u r a l r e q u i r e m e n t s a s s o c i a t e d with the t ab l e d r i v e m o t o r s and the 
r o d / b l a d e s y s t e m . 



BORON ROD DROP SWITCH NOT ACTUATED 

CHAN m LEVEL TRIP NOT ACTUATED 

CHAN #5 LEVEL TRIP NOT ACTUATED 

CHAN #6 LEVEL TRIP NOT ACTUATED 

CHAN #7 5 SEC PERIOD TRIP NOT ACTUATED 

CHAN §8 5 SEC PERIOD TRIP NOT ACTUATED — 

CHAN #7 ADJ PERIOD TRIP NOT ACTUATED 

CHAN m ADJ PERIOD TRIP NOT ACTUATED 

I — ^ IIOV AC TO POWER D.C. MAGNET SUPPLY 

"ALL" ROD DROP SWITCH NOT ACTUATED -

IIOV AC POWER AVAILABLE 

CONTROL CHAIN RLY ff\ (CP-I) ACTUATED 

CONTROL CHAIN RLY #2 (CP-2) ACTUATED 

MANUAL SCRAMS (5) NOT ACTUATED 

I —IIOV AC TO POWER D.C. MAGNET SUPPLY 

CHAN m LEVEL TRIP NOT ACTUATED 

CHAN ^5 LEVEL TRIP NOT ACTUATED 

CHAN H LEVEL TRIP NOT ACTUATED 

CHAN #7 5 SEC PERIOD TRIP NOT A C T U A T E D — 

CHAN #6 5 SEC PERIOD TRIP NOT ACTUATED — 

CHAN *7 ADJ PERIOD TRIP NOT ACTUATED 

CHAN ^8 ADJ PERIOD TRIP NOT ACTUATED 

FUEL ROD DROP SWITCH NOT ACTUATED 

a 
z •< 

Fig. IV-10, -̂ B̂ Safety Rod and Dual Purpose Rod Magnet-power 
Interlock Logic, ANL Neg, No. 112-8122 Rev,l, 



(K8l X CLOSED WHEN TABLES 
' ' J TOGETHER 

TBI 138 

CLOSED MIEN TURBINE OVERSPEED TR P RESET 

\ TBi I an I 
E CLOSQ) MISI STEW PRESSURE IS ABOVE 125 P S 
] TBI 136 
z CLOSED MIEN CORE T H P NORMAL 
1 TB! 136 

CLOSED WHEN ARGON PRESSURE IS NORMAL 

TBI 137 ? 

* l - o CLOSED MIEN SUPERVISORY KEY SWITCH 0 

TBI 29 V _ y >J 

CLOSED WHEN CP 1 ACTUATED ^PlLOSED__WHa^R.ll> 

CLDSO) MIEN CP 2 ACTUATED 
J ABOVE PRESET HlljlHUH 

Tl 161 X \ 1 
f-C^t _ 11— 

CH 7 CM 8 

( 1 C R ) 4 CLOSQ) MIEN CHANNEL ifl LOW LEVEL TRIP RESET 

l a »i LOM LEVEL TRIP RESET 

" 8 ) 

[ ILKJ -t- U-VdCV 
TBI 568 Q 

150 { !CR)^C10SED 
^ T f l l 5 7 0 ^ 

CLOSED NHEM MOVABLE SOURCE 
TB1S69 A IS IN ' I N - POSITION 

1 CLOSED WEN STATIONIRY 
TBI 269 T SOURCE IS II I "I N P0S1TI ON 

CLOSED miEN 
TABLE *T " IN 
POSITION 

(CHANNa U 

ZPR 9 ONLY (CHMItEL « 
(CHANNEL 8 

( 6 C R ] X ( CLOSED WHEN CHANNEL »S TRIP RESET 

, _ ^ T T B 1 2 I « 

[ 6 C R ) I CLOSED WHEN CHANMa *6 TRIP RESET 

a^TBH89 

I 

CLOSED MIEN ADJUSTIBLE PERIO 

CLOSED MIEN 5 SEC PERIOD RESET 

CLOSED MIEN DRAWER TUBE CLOSED 

CLOSED WHEN MANUAL SCRAMS W T ACTUATED 

CLOSED WHEN CfLl DOORS CLOSED 

OPEN WHEN C a L 

Fig, IV-11 

Control Power Chain 

I c a L T 
IRE H I G H 7 \ 

b I ina • 1 i i|9 

CLOSED MIEN CONTROL POWER SWITCH CLOSED 
377 

ISED MIEN TABLES ARE SEPARATED 

:99 
8 ' i 

CLOSE MIEN FUa RODS CONNECTED TO CABLES 

CLOSED WHEN BORON NOD CABLES CONNECTED TO BODS 

TB65i 

CLOSED WHEN CLUTCHES HAVE 0 C POWER 

TB320 " 

CLOSED WHEN >HlO PSI PRESSURE IN TANKS 

CLOSED MIEN BUTTERFLY VALUES IN CLOSED POSITION 

CLOSED MIEN INTERNAL A K CONDITIONING ON 

64 (ON VENT SYST» CHASSIS] 

J CLOSED WHEN SWITCH IN C a L CLOSED POSITI 

i 65 (ON VBT SYSTW CHASSIS) 



The 0.42 c m / m i n motor drive inter lock chain, the 5 c m / m i n 
motor drive inter lock chain, the Z5 c m / m i n motor drive inter lock chain, 
a re shown on F igs . IV-IZ through TV-14, respect ive ly . 

The e lec t r i ca l in ter locks in the table drive inter lock chain a r e 
to fulfill the following conditions: 

1. Table mus t move with a given speed only in a defined region 
of table movement . 

2. Only one motor at a t ime may have power, 

3. Table motion may occur only when the table t r ips a re not 
actuated. (Scram motor will how^ever opera te upon a s c r a m 
condition.) 

F igure IV-15 shows the s c r a m motor in ter lock chain, and Fig. IV-16 shows 
the air motor chain which backs up the e lec t r ic motor to pe r fo rm the table 
separa t ion function after a s c r a m signal occurs . It can be seen from the 
s c r a m motor chain, that power is removed from the control power ( C P - 1 , 
CP-2) re lay which in turn actuates the s c r a m motor and removes power 
f rom other drive motor r e l ays . The e lec t r ic s c r a m motor is backed up by 
an a i r imotor (powered from cyl inders of compres sed nitrogen) which will 
separa te the halves if the e lec t r ic s c r a m motor is not turning within 0.5 sec 
after rece ip t of a s c r a m signal. 

The dual -purpose rod motor drive chain, the B rod drive in te r ­
lock chain, the ^°B rod drive c i rcu i t a r e shown in F i g s . IV-17 through IV-19. 

The rod drive and in ter lock chains have been designed to fulfill 
the following conditions. 

1. All rods move to their posit ions of leas t react iv i ty worth 
upon a s c r a m signal by spring operat ion. 

2. All rods designated as safety rods (i .e. dual -purpose rods 
designated as safeties and ^°B designated as safeties must be in their pos i ­
tions of maximum react ivi ty worth before the table may be moved. The only 
differentiation between a "control" and a "safety" rod is that a rod des ig­
nated as "safety" is moved to i t s posit ion of maximum react ivi ty worth 
before the tables have been brought together. This is to insure that the re is 
some shutdown available if the r eac to r had been accidently overloaded and 
the r eac to r s ta r ted to go c r i t i ca l while the moveable table was moving to­
ward the s ta t ionary one. The rods provide the fast shutdown on this facility. 
Once the tables a r e together there is no difference in pr inciple between a 
rod designated as a safety or control rod since all rods scrann on a s c r a m 
signal. 



TO 25 cm/mln DRIVE CHAIN 
TB682 

OPEN IF 0.W cm/mln 
"OUT" IS ACTUATED 

1 ( K 7 ) : h OPEN IF SCRAH MOTOR IS RUNNING 

(7CR-C) 

WWVi 

(8CR-C) 

CLOSED IF TABLE TRIPS ON PERIOD 
METER ARE RESET 

( K 5 ) r ^ CLOSED IF 7.5cm SWITCH ON 

TBI 373 

( K i t ) ^ OPEN IF 5.1 cm/mln MOTOR IS RUNNING 

TBI 37H 

(Kl) 

TB1375 (3 yoPEN IF 25 cm/mIn MOTOR IS RUNNING 

( M A ) : 

TBI 382 

TB1-W 

TB562 

i 0.42 cm/min 
DRIVE SW TBI376 

O Q 

(LSR-I) 

TB563 0 

-L OPEN IF TABLES ARE FULLY SEPARATED 

# OPEN I F 0 . 4 2 cm/min " IN" IS ACTUATED 

OPEN IF 0.12 cm/min MOTOR OVERHEATS 

11OV AC 
HOT L I N E " 

TO 
15 AMP CIRCUIT BREAKER #2 <! 
220V AC 3 PHASE 

A2-

82 

C2 

TBII9 
—o—f-

IN 

OUT 

TBSet 
— a ( K6 

OUT 

OUT 

OUT 

1. 

TB802 

THERMAL TBIOU^ 

RELAY 
0.42 cm/min 
DRIVE MOTOR 

Fig. IV-12. 0.42 cm/min Table-drive Interlock Chain 
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TO 26 cm/rain DRIVE CHAIN 
TBeSt 

,i (K7)rjr CLOSED IF SCRAM MOTOR IS NOT RUNNING 
TBI 371 X 

( K l ) l l 

TB1379 di ( C L O S E D IF 25 cm/mIn DRIVE IS NOT RUNNING 

(KlAy= \ 
TBI 357 i 

CLOSED IF t5 cm SWITCH ON 

OPEN IF 0.42 cm/min MOTOR IS RUNNING 

( K 3 ) : 

TBI 372 

(K6)z 
TBI 358 

(8CR-C)=L -1 
T (CLOSED WHEN TABLE TRIPS ON 

TBI359 A VpERiOD METERS ARE RESET 
( 7 C R - C ) r L ^ 

TBI-itO ii-

OPEN IF TABLE HALVES 
ARE FULLY SEPARATED 

TBI 381 
0 — 

(LSR-l) 

0 TB560 

OPEN IF 5.1 cm/min "INi^ 
MOTOR IS RUNNING 

rouT^ 

OUT 

TBI 380 

{K5) 

TB659 6 

OPEN IF 7.5 cm SWITCH ON 

OPEN IF TABLE REACHES 7.5 cm SEPARATION 

TB366 
4 t OPEN IF 5.1 cm/min "OUT" MOTOR RUNNING 

(TE) 

(TE) 

TB360 i 

OPEN IF 5.1 cm/mln MOTOR OVERHEATS 

IIOV AC 

HOT LINE * " 

TO 

15 AMP CIRCUIT BREAKER )<i6<; 

220V AC 3 PHASE 

TB5I IN 

OUT 

IN 

IN 

TB56I 
— o — ! Kn: 

IN 

OUT 

OUT 

OUT 

^ 

TE 

TBlOll^ 

1796 

TBI 0 1 2 , 

U 
AUy 

U^ 
A 7 , 

TE 

TS •} 
8031 

- D - I -
TBl 

8 i a 
-a—r 

TB807 

1/2 HP] 

I I 

CONNECTION MADE THROUGH 

FEED RAIL ASSEMBLY. 

HADE WHEN TABLE IS 

BETWEEN 45 cm AND 7 .5 cm 

SEPARATION 

5.1 cm/min DRIVE 

MOTOR 

Fig. IV-13. 5.1 cm/min Table-drive Interlock Chain 



^ 
tf^ 

TO 0.42 cm/iNin DRIVE • ^ -

TO 5.1 cm/mio DRIVE - * -

(CPl) ^ > 
X y CLOSED WHEN CONTROL POWER IS OBTAINED 

(CP2) ^ J 

l-D CLOSED WHEN TABLE KEY IS TURNED 

° ^S TBI-25 

(K2) ; ^ CLOSED WHEN TABLE CLUTCH POWER SUPPLY IS ENERGIZE 

-^==5T 
4i c 

(LSD-I) 
° ^ 
ROD IHTESLOCKS #1 

^ 
(Kl ) 

I , CLOSED WHEN 25 cn/min 
l -o DRIVE "OUT" IS ACTUATED 

TBI 361 y~ 

CLOSED IF TABLE SEPARATION BYPASS KEY TURNED ON 

ROD INTERLOCKS $2 

l E E ^ 

(BP-1) o-f 

CLOSED IF 7 .5 cm BLOCK IS DOWN 

A TB68t 
^CLOSED IF US era BLOCK IS DOWN 
-A T8708 
:i=CLOSED IF STATIONARY SOURCE IS ' 

4=CL0SED IF MOVABLE SOURCE IS "IN" 

9 TBS 48 
CLOSED IF SOURCE 
BYPASS KEY IS 
TURNED (1CR}ri^CL0SED IF LOW LEVEL TRIP CHANNEL m 

6 TBI 57" 
4̂ 1 

OPEN IF TABLE IS BEING RUN 
"IB" AT 25 ca/rain 

(2CR) 4=CL0SED IF LOW LEVa TRIP CHANNEL 4̂ 2 IS CLEARED 
TBI 573 

(K3) :^PEH IF 1(5 cm SWITCH ON 

CLOSED IF TABLE TRIP ON PERIOD METERS ARE RESET 

TBI 309 

TBI 310 
OPEN IF 5.1 cm/mm DRIVE IS ACTUATH) 
TBI 370 

OPEN IF 0.42 cm/mm DRIVE IS ACTUATED 
TBI 343 
OPEN IF ELECTRIC SCRAM MOTOR IS ACTUATED 
781(55 
OPENS WHEN 45 era LIMIT SWITCH IS REACHED 
TB549 

LOSEp WHEN 25 crn/min " IN" DRIVE ACTUATED 
DS-3) 

OPEN HHEN TABLE MOVING "OUT" AT 25 cm/mm 

TO 15 Amp CIRCUIT 
BREAKER «6 220 VAC < 61 
3 PHASE 

ZPR 6 4 9 

25 cm/mm TABLE DRIVE CHAIN 

Fig. IV-14. 25 cm/min Table-drive Interlock Chain 



DUAL PURPOSE ROD 
IHTERLOCKS CLOSED 
III SAFETY POSITION 

BOROa COITROL 
RODS CLOSED 
III COKTROL 

CLOSED 

1-16» If " I " " 

-L BCI 

f^ 
CLOSED 
IF "IK" 

IBOROD ROD LIMIT 
SWITCHES CLOSED 
Im "OUT" POSI'IOK 

CLOSED 
I - I7I IF "in" 

T-
J. B 

CLOSED 

IF " H " 

FUEL ROD LIMIT 
{SHITCHES CLOSED < 

"OUT" POSITION 
(SS-IO CLOSED I I I 

'COHT. POS.) 

TTBTH 

Ti: 
_ T T B 7 1 7 _ 

DP-1 
SS-IO 

DP-2 
SS-IO 

DP-3 
SS-IO 

tTB tTB370 

PrBSTI 

J 
TB372 

TB373 

TSK TABLE SEPArlATIOII BYPASS 

i Jl 

J2 

r; 
=L JIO 

i Jii 

-L JI2 

DUAL PURPOSE ROD 
IHTERLOCKS CLOSED IN 
CONTROL POSITION 

l-e J3j 

DUWY JACKS FOR SPECIAL 
ROD INTERLOCKS 

ROD IHTERLOCKS #1 

FUEL ROD LIMIT SKITCHES 
CLOSED IN "OUT" POSITION 
(SS-IO CLOSED IN CONTROL POSITION) 

TB253 

DP-1 

5 Y SS-

1 « 

I TB3I 
_L DP-i 

TB36I 

DP-2 
- SS-5 

n 
TB3e2 

FUEL ROD LIMIT SKITCHES 
CLOSED IN " IN" POSITION 
{SS-5 CLOSED IN SAFETY POS.' 

DP-IO 
SS-IO 

J IO d ; 

In 
IP-9 _L 

DP-8 
SS-IO 

it =L 
TB387 

TBSBB 

lP-6 1 

TB3B5 

TBSBH 

DP-I 
SS-IO T 

CITB383 

1TB382 

DP-I 
SS-IO 

TB375 

_L DP-I 0 

I S S - 5 
TB3e9 

T"° 
I DP-9 

=pSS-5 
h TB36B 

1 DP-8 
-rSS-5 
i TB367 

± D P - 7 
T S S - 5 
b TB366 

T 
_L OP-6 
- r s s - 5 
tl TB365 

4=»6 
J_DP-5 
TSS-5 
b TB36II 

4" 
_LDP-» F" 
- l - l 

T SS-5 

TB363 

FUEL ROD LIMIT SNITCHES 
^CLOSED IH "IM" POSITIOH 
(SS-5 CLOSED IH SAFETY POSITIOH) 

Fig. IV-14 (Contd.) 
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IIOV AC 
HOT LINE ° -

rc i 
TB313 

(K7) 

E.S.S. 

—O ' 

(HOLDING] 

REMOTE CONSOLE 
ZPR-9 ONLY 

-o o 
1 MANUAL SCRAM BUTTON 

JIL MANUAL SCRAM BUTTON 

i > - o — 

TB311 

- 0 O D 
3 TB3I6 

^ MANUAL SCRAM BUHON 

-o o-

2 
- T - MANUAL SCRAM BUHON 

-D-
T8314 

• - Q 
TB312 

- o o 
5 

-D-
TB3I5 

MANUAL SCRAM BUHON 

(CP-1) 
4f 

OPEN IF CONTROL 
POWER OBTAINED 

(CP-2) - ^ 

OPEN IF CONTROL 
POWER OBTAINED 

CLOSED IF CONTROL POWER ON OR IF 
TABLE SCRAM WITHIN 0.5 sec AFTER 
C P . LOSS 

|- CLOSED IF 3 PHASE POWER 
AVAILABLE TO SCRAM MOTOR STARTER 

OPEN WHEN TABLE KEY ON 
TBI-48 
i-O 

(CKR n) 
-^ 

TBI-47 

TBI 311 

LIMIT SWITCH 
OPEN "WHEN TABLES 
COMPLETELY ^ , 
SEPARATED ^ 0 , . f p „ _ 

TB3I7 TB318 1-154 1-155 

(TE) (TE)TB358 

OPEN IF MOTOR^ RELAY 
COIL OVERHEATS 

15A CIRCUIT BREAKER n<, 
220V AC 3 PHASE 

Fig. IV-15. Electric Scram-motor Interlock Chain 



AIR SUPPLY 

> 4 0 0 PSI TANK 

MANUAL TANK VALVE j 

400 PSI PRESSURE 
SWITCH 

REGULATOR (80- . 
100 PSI) ^ \>-^ 

CLOSED IF TABLES 
ARE SEPARATED 

80 PSI PRESSURE 
SWITCH 

CLOSED IF SOLENOID 
IS ENERGIZED 

10 PSI 

ANNUNCIATOR 
SWITCH 

AIR 
CLUTCH 

+11 OV AC 

0 

CLOSED IF TOI 

IS ACTUATED 

CLOSED IF TABLE 

CLUTCH POWER -

SUPPLY 1S ACTUATED' 

SOLENOID VALVE 

6« MOTOR 

GARDNER DENER 
#704-46 

(270 R.P.M.) 

TDIA 

CLOSED IF TABLE 

LEAD SCREW IS TURNING 

aOSED IF TDIA 

IS ACTUATED 

CLOSED IF CONTROL POWER 

IS OBTAINED OR TABLE 

LEAD SCREW IS TURNING 

CPl 
CLOSED IF CONTROL 
POWER IS OBTAINED 

CP2 
CLOSED IF CONTROL 
POWER IS OBTAINED 

TIME DELAY RELAY 
(DROPS OUT 0.5 SEC. 
AFTER LOSING COIL POWER) 

<7 

Fig. IV-16. Emergency Air-motor Drive Chain 



^ 

I I O V AC W T LINE 

OPEN WHEN TABLE 
PASSES 7 5 cm POS 
(LSRS) 

OPEN WHEN TABLE 
PASSES 45 cm POS 
(LSR4) 

OPEN I F FAST LATCH 
DRIVE SPEED 
SELECTED (SSW) 

w-

llKn\ -if- OF>EN IF ALL ROD SHUTDOMM 
lOKsuj ^ JWITCH I S ACTIVATED 

D P R - 2 FUEL SAFETY ROD D 

DPQI WHEN TABLE PASSES 

7 5 CH POS (LSRS) 

OPEN WHEN TABLE PASSES 

V5 ca POS (LSR4) 

CLOSEO I F ALL ROD 
SHUTOOMM SWITCH 
IS ACTIVATED 

II 

SEE NOTE 2 ( "= 

FROM FUEL ROD 
SELECTOR 
SWITCH 

FUEL SAFETY RODS 6 10 
FUEL SAFETY RODS 1 FUEL CONTROL RODS 

NOTES 

REPRESENT ROD NUMBERS OR TERMINAL LETTERS IN QUOTATION MARKS 

EIOARD NIMSERS 

( 2 ) THERE ARE T B ( 1 0 ) IDENTICAL CIRCUITS ( F I V E ( 5 ) FROM SWITCH OPR-1 AND F I V E ( 5 ) 

FROM SWITCH DPR 2 ] SEE TABLE FOR CORRESPONDING NUMBERS 

( 3 ) THERE ARE TEN ( 1 0 ) IDENTICAL CIRCUITS FROM SWITCH DPSR 

SEE TABLE FOR CORRESPONDING HUWERS 

( i | ) THESE F IVE ( 5 ) CIRCUITS CONSIST OF RODS 1 THROUGH 5 

( 5 ) THESE F I V E ( 5 ) CIRCUITS CONSIST OF RODS 6 THROUGH 10 

1 

OPRR-"X" 
DRRF "X" 

TB "A" 

TB ' B " 

TB "C" 

TB "D" 

1 

48G 

945 

481 

877 

487 

946 

482 

878 

3 

488 

949 

483 

942 

4 

189 

9 SO 

484 

943 

5 

490 

901 

485 

944 

6 

396 

902 

491 

9S1 

7 

397 

903 

492 

9S2 

398 

904 

493 

963 

9 

399 

905 

1194 

954 

10 

400 

906 

495 

9S5 

Fig. IV-17. Fuel Rod Drive Chain 



IIOV AC HOT LINE 

(CKR #1-4) : 

TB1530 c 

CLOSED WHEN SUPERVISORY 
KEY TURNED ON 

FUEL ROD DRIVE POWER SUPPLY #1 
(MOVABLE HALF RODS) 

CLOSED IF FUEL CONTROL 
ROD DRIVE ACTUATED ^ (SEE NOTE 2) 

FLR 

CLOSED IF FUEL CONTROL 
ROD DRIVE ACTUATED 

CLOSED IF FUEL SAFETY 
ROD DRIVE ACTUATED 

- . ^ j n ^ 

-<U^^o-
/orc. M^^r- ,1 -J- CLOSED IF FUEL SAFETY 
(SEE NOTE 1) -J. ROD DRIVE ACTUATED 

FUEL ROD DRIVE MOTOR 
NO X, 

FUEL CONTROL ROD DRIVE 
POWER SUPPLY 

d=. (SEE NOTE 2) 

DPRF-' X, 
i i — ^ 

FLR 

rin 
(SEE NOTE 2) — 

FUEL ROD DRIVE MOTOR 

-Q^rv-

CLOSED IF FUEL CONTROL 
ROD DRIVE ACTUATED 

CLOSED IF FUEL SAFETY 
ROD DRIVE ACTUATED 

;R-A ^ I 

FUEL ROD DRIVE POWER SUPPLY #2 
(STATIONARY HALF RODS) 

TB1492 

(CKR #1-5) 

(1) RODS 1 & 2 CONTACT IS SA RODS 3 4 & 5 CONTACT IS SB 
(2) RODS 1 2 3 , & 4 CONTACT IS CA, RODS 5 5 7 & 8 CONTACT IS CO, RODS 9 & 10 CONTACT IS CC 
(3) LETTERS IN QUOTATION MARKS, e g A , REPRESENT ROD NUMBERS OR TERMINAL BOARD NUMBERS 
(4) THERE ARE TEN (10) IDENTICAL CIRCUITS [FIVE (5) FROM EACH FUEL ROD DRIVE POWER SUPPLY] 

SEE TABLE FOR CORRESPONDING NUMBERS 

IIOV AC HOT LINE 

g 
-3 

s 
g 

DPRF- X 

DPRR- X 

TB- A 

TB- B 

PIN 1 

PIN 2 

h 

1 

821 

822 

D 

H 

2 

823 

824 

E 

J 

3 

825 

826 

F 

K 

4 

828 

827 

P 

L 

5 

841 

842 

R 

M 

6 

843 

844 

D 

H 

7 

845 

846 

E 

I 

8 

847 

848 

F 

K 

9 

849 

850 

P 

L 

10 

851 

852 

R 

M 

Fig. IV-17 (Contd.) 
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' PIN " 1 » A -

i: 
-9^n>-

1 lOV AC H O I LINE 

(CKR-1) Y CLOSED WHEN CONTROL POWER OBTAINED 

4TBI522 

m. 
28V DC POWER SUPPLY 
(MOVABLE HALF RODS) 

Sm-"Xi • 

6 BORON BLADE DRIVE 
MOTOR NUMBER "X, " 

NOTES: 

(1) 

(2) 

(3) 

J, PIN " 2 " 

J : 

l l O V A C HOT LINE 

(CKR- l)=p CLOSED WHEN CONTROL POWER OBTAINED 

0 TB1526 

S 15 AMP 

- O C 

:"^" 

n± 
28V DC POWER SUPPLY 

(STATIONARY HALF RODS) 

o BORON BLADE DRIVE 
MOTOR NUMBER " X j " 

LETTERS IN QUOTATION MARKS e . g . , "A" REPRESENT ROD NUMBERS OR TERMINAL BOARD NUMBERS. 

" X j " REFERS TO RODS 1-6, "X^" REFERS TO RODS 7 - 1 2 . 

THERE ARE TWELVE (12) IDENTICAL CIRCUITS [ S K (6) FROM EACH POWER SUPPLY] 
SEE TABLE FOR CORRESPONDING NUMBERS: 

-^ I PIN " 

i 
a: 

SRR-"X» 
SRF--X" 

TB-"A" 

TB-"B" 

PIN " 1" 

PIN " 2" 

"Xi" 

1 

879 

880 

D 

H 

2 

882 

881 

E 

I 

3 

884 

883 

P 

K 

4 

886 

885 

P 

L 

5 

883 

887 

R 

M 

6 

890 

889 

S 

N 

••^2 

7 

773 

774 

D 

H 

8 

775 

776 

E 

I 

9 

777 

778 

r 

K 

10 

779 

816 

P 

L 

11 

817 

818 

R 

M 

12 

819 

820 

S 

N 

Fig. IV-19. •'•"B Rod Drive Circuit 



3. A m i n i m u m of one d u a l - p u r p o s e rod p e r half m u s t be in the 
c o r e (pos i t i on of m a x i m u m r e a c t i v i t y wor th ) b e f o r e the m o v e a b l e t ab l e m a y 
be m o v e d . 

4. A m i n i m u m of one dua l p u r p o s e r o d p e r half m u s t be d e s i g ­
na t ed a " c o n t r o l " r o d and m u s t be in i t s p o s i t i o n of l e a s t w o r t h b e f o r e the 
t ab l e i s m o v e d . 

5. No rod m o t i o n m a y t ake p l a c e whi le the t ab le i s mov ing o r 
b e t w e e n i t s c o m p l e t e l y t o g e t h e r or s e p a r a t e d p o s i t i o n s . 

6. Rods d e s i g n a t e d a s " s a f e ty" m a y be gang d r i v e n to t h e i r p o ­
s i t i ons of m a x i m u m w o r t h when the t a b l e s a r e fully s e p a r a t e d . 

7. When t a b l e s a r e t o g e t h e r only one rod at a t i m e m a y be 
m o v e d to i n c r e a s e r e a c t i v i t y . 

8. F o u r of the B r o d s m a y be d e s i g n a t e d a s c o n t r o l r o d s . 

In F i g . I V - 2 0 i s shown the s c h e m a t i c d i a g r a m for the s o u r c e 
d r i v e which i s u s e d to i n t r o d u c e the A m - B e s t a r t u p s o u r c e in to the r e a c t o r 
b e f o r e t ab l e m o t i o n or r o d d r i v e m o t i o n i s i n i t i a t e d . 

C. P o w e r F e e d r a i l S y s t e m 

The Z P R - 6 and - 9 u t i l i z e s l i m i t s w i t c h e s and a two so leno id o p e r ­
a t ed m o v e a b l e b lock s y s t e m a s d e s c r i b e d in Ref. 1 to i n s u r e t h a t the c o r r e c t 
t ab le speed m o t i o n i s m a i n t a i n e d in the t h r e e f o r w a r d speed z o n e s . Dur ing 
the five y e a r s of o p e r a t i o n of t h e s e f a c i l i t i e s w h e r e t h e r e have b e e n o v e r 
1000 s t a r t u p s of e a c h fac i l i ty , t h e r e h a s b e e n no i n s t a n c e when a t ab l e h a s 
m o v e d at an i n c o r r e c t speed . The l i m i t s w i t c h e s and b l o c k s y s t e m have 
o p e r a t e d a s d e s i g n e d . Al though the r e l i a b i l i t y of the s y s t e m h a s b e e n p r o v e n 
du r ing the five y e a r s of o p e r a t i o n in o r d e r to f u r t h e r i n c r e a s e the r e l i a b i l i t y 
of the t ab l e speed c o n t r o l , a p o w e r f e e d r a i l s y s t e m h a s b e e n i n s t a l l e d on both 
f a c i l i t i e s . 

The p o w e r f e e d r a i l s y s t e m i s a dev i ce which a l lows p o w e r to be 
app l i ed to the t a b l e d r i v e m o t o r s only when the t ab le i s in a c e r t a i n pos i t i on . 
The f o r w a r d t a b l e m o v e m e n t t o w a r d c l o s u r e i s a c c o m p l i s h e d wi th the u s e of 
t h r e e s e p a r a t e 220 vo l t 3 p h a s e induc t ion m o t o r s for the t h r e e d i f fe ren t 
speed r a n g e s . The f a s t speed (25 c m / m i n ) d r i v e m o t o r and the i n t e r m e d i a t e 
speed (5.1 c m / m i n ) d r i v e m o t o r wi l l have p o w e r fed to t h e m t h r o u g h a s e p a ­
r a t e conduc t ing r a i l s y s t e m . E a c h conduc t ing r a i l s y s t e m p r o v i d e s p o w e r to 
i t s a s s o c i a t e d m o t o r wi th in a d e s i g n a t e d d r i v e r a n g e ; ou t s ide of t h i s r a n g e 
no p o w e r i s a v a i l a b l e b e c a u s e the conduc t ing r a i l s a r e t e r m i n a t e d . 

The p o w e r f e e d r a i l s y s t e m c o n s i s t s of two 3 - c o n d u c t o r r a i l a s s e m ­
b l i e s ( F e e d r a i l C o r p . , New York , New York) and two t r o l l e y s wi th p o w e r 
t ake-of f b r u s h e s a s s h o w n i n F i g s . IV-2 1 and I V - 2 2 . An a c t u a l photo of an 



CP-1 CONTACT CLOSED IF CONTROL 
CHAIN POWER IS LOST 

TB 1301 

CP-2 CONTACT CLOSED IF CONTROL 
CHAIN POWER IS LOST 

A D T - l / 2 CONTACT CLOSED ABOUT 10 

SEC AFTER POWER IS REMOVED FROM 
COIL 

OUT LIMIT SWITCH OPEN WHEN 
SOURCE IS OUT OF REACTOR 

SD l,/2 OUT 
RELAY COIL 

lOV AC COMMON O-

IIOV AC HOT-LINE 

6 AMP CIRCUIT BREAKER 

|_| CLOSED WHEN SUPERVISORY 
I KEY SWITCH TURNED ON 

X 
TB 1300 

IN-OUT SWITCH 
IN 

CLOSED WHEN TABLES 
TOGETHER 

(K-8 CONTACT) 

CKR-I CONTACT OPEN WHEN SUPERVISORY 
KEY SWITCH IS TURNED OFF : 

IN LIMIT SWITCH OPEN WHEN 
SOURCE IS IN REACTOR 

SD 1/2 CONTACT OPEN WHEN SOURCE 
IS MOVING OUT OF REACTOR 

JTB 1332 

ADT 1/2 RELAY COIL/ 
10 SEC TIME DELAY! 

SD 1/2 IN 
RELAY COIL I 

SD 1/2 IN CONTACT 
, , TB ms 

Q— 

SD 1/2 OUT CONTACT 

SD 1/2 OUT CONTACT 
TB HW 

•nmnp 

1 SD 1/2 OUT CONTACT 
TB 437 , , 
P > 

SD 1/2 IN CONTACT 

SD 1/2 IN CONTACT 
TB 438 I, -D II 

TB 439 
— D — 

SD 1/2 IN CONTACT | | SD I / 2 OUT CONTACT 

SOURCE DRIVE MOTOR NO. I OR 2 (1/2) 

Fig. IV-20. Moveable/Stationary Source Drive. ANL Neg. No. 112-8120 Rev.l. 
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i n s t a l l e d s y s t e m on Z P P R i s shown in F i g . I V - 2 3 . P o w e r i s fed to a m o t o r 
by r o u t i n g i t down the t h r e e r a i l s (one r a i l for e a c h p h a s e ) of a r a i l a s s e m -
blyj p i ck ing the p o w e r off wi th b r u s h e s c o n t a i n e d in the t r o l l e y , t r a n s f e r r i n g 
the p o w e r to the s e c o n d t r o l l e y which i s r i d i n g on a s econd s e t of t h r e e 
r a i l s , and s u b s e q u e n t l y t r a n s f e r r i n g p o w e r to t h i s second se t of r a i l s t h r o u g h 
the b r u s h e s in the s econd t r o l l e y . S ince the m o t o r i s e l e c t r i c a l l y c o n n e c t e d 
to the s e c o n d s e t of r a i l s , the p h y s i c a l ex ten t of the s e c o n d s e t of conduc t ing 
r a i l s l i m i t s the r a n g e o v e r which m o t o r p o w e r i s a v a i l a b l e . No po'wer can 
be t r a n s f e r r e d to the m o t o r o v e r tha t p o r t i o n of t r a v e l w h e r e no p o w e r r a i l s 
ex i s t . 

As c a n be s e e n the r a i l s a r e l o c a t e d in such a m a n n e r t ha t a c c i d e n t a l 
s h o r t i n g of the c i r c u i t s is m a d e diff icul t . A s c h e m a t i c d i a g r a m is g iven in 
F i g . I V - 2 4 which shows how the m o t o r s a r e c o n n e c t e d e l e c t r i c a l l y to the 
f e e d r a i l s y s t e m . 

Only the f a s t and i n t e r m e d i a t e speed d r i v e m o t o r s u t i l i ze the p o w e r 
f e e d r a i l s y s t e m . The s low f o r w a r d speed d r i v e m o t o r and the s e p a r a t i o n o r 
s c r a m m o t o r s a r e c o n n e c t e d d i r e c t l y to the 220 vo l t 3 p h a s e l ine . 

D. R e a c t o r Cool ing S y s t e m 

The g r e a t e r spec i f i c a l p h a ac t i v i t y of p l u t o n i u m c o m p a r e d to U 
r e s u l t s in the p r o d u c t i o n of a p p r e c i a b l y m o r e h e a t e n e r g y . P l u t o n i u m con ­
ta in ing 12% ^^°Pu p r o d u c e s about 3.1 W / k g of p l u t o n i u m and the 27% ^^°Pu 
about 10 W / k g of p l u t o n i u m . In t e r m s of the p l u t o n i u m - u r a n i u m , fuel a l loy 
th i s i s 0.9 and 3 W / k g of fuel , r e s p e c t i v e l y . 

F o r a c c u r a t e r e a c t i v i t y m e a s u r e m e n t s i t i s i m p o r t a n t to m i n i m i z e 
the r a t e of t e m p e r a t u r e change in t h e c o r e and s t a b i l i z e the t e m p e r a t u r e 
d i s t r i b u t i o n p r o f i l e . A r e a c t o r cool ing s y s t e m h a s b e e n d e s i g n e d to r e m o v e 
h e a t g e n e r a t e d in the r e a c t o r c o r e by the n a t u r a l a lpha ac t i v i t y of the p lu ­
t o n i u m . To cool the r e a c t o r c o r e , c e l l a i r w i l l be d r a w n a c r o s s the c o r e by 
b l o w e r s . F i g u r e I V - 2 5 show^s the s h r o u d i n g a r o u n d the r e a r of the m a t r i x 
and r o d d r i v e s , and the flow p a t t e r n s when the t a b l e s a r e s e p a r a t e d and 
t o g e t h e r . When the h a l v e s a r e s e p a r a t e d , e a c h half i s coo led by a i r which 
i s d r a w n f r o m the c e n t e r a c r o s s the m a t r i x t u b e s . When the h a l v e s a r e 
t o g e t h e r the a i r flow i s in one d i r e c t i o n , be ing d r a w n a c r o s s bo th h a l v e s . 

A v e r t i c a l v i ew of the cool ing s y s t e m showing the l oca t i on of the 
H E P A f i l t e r s and b l o w e r s i s shown in F i g . I V - 2 6 . All the a i r c i r c u l a t e d 
t h r o u g h the c o r e i s p a s s e d t h r o u g h H E P A f i l t e r s . The b l o w e r i s i n t e r l o c k e d 
so tha t it i s t u r n e d off and a i r c i r c u l a t i o n s topped if the m a t r i x t e m p e r a t u r e 
r i s e s above a g iven s e t l eve l . 
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Fig. IV-23. Feedrail Installauon 
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F l o w t e s t s have b e e n m a d e on a 5 x 5 tube (760 cm^) c r o s s s e c t i o n 
2.4 m (8 ft) in l ength m o c k u p us ing s t a n d a r d m a t r i x t u b e s and d r a w e r s . The 

flow r a t e p e r m a t r i x tube a s a func­
t ion of p r e s s u r e d r o p a c r o s s the 
2.4 m leng th i s g iven in F i g . I V - 2 7 . 
It i s e s t i m a t e d tha t wi th a flow r a t e 
of about 5 c f m / m a t r i x tube t h e r e i s 
suff ic ient a i r coo l ing to m a i n t a i n the 
c o r e t e m p e r a t u r e to wi th in about 
±3°C. It i s e s t i m a t e d tha t a l a r g e 
c o r e m i g h t have a c r o s s s e c t i o n a l 
a r e a of about 1000 t u b e s hence a 
b l o w e r h a s b e e n s e l e c t e d which 
would o p e r a t e a t 2400 l i t e r s / s e c 
(5000 cfm) with a p r e s s u r e d rop of 
0.06 b a r s (25 in. of H2O). 

E. R a d i a t i o n M o n i t o r i n g S y s t e m 

24 in. DRiWERS 

25 TUBES 

1.0 2.0 3.0 H.O 

AIR FLOW PER TUBE, cfm 

.5 1.0 2.0 3.0 H.O 6.0 8.0 10 

Addi t iona l a lpha m o n i t o r i n g 
d e v i c e s a r e be ing p l a c e d in the 
c e l l s , c o n t r o l r o o m s , vau l t , w o r k ­
r o o m , and in the e x h a u s t s y s t e m s 
for the d e t e c t i o n of a c c i d e n t a l p lu ­
t o n i u m r e l e a s e s . T y p i c a l e x a m p l e s 

of r a d i a t i o n m o n i t o r s and s u r v e y i n s t r u m e n t s which wi l l be u s e d and t h e i r 
m e t h o d s of a p p l i c a t i o n a r e ou t l ined in the p a r a g r a p h s be low. 

TEST CONDITIOMS: 

AIR TEMPERATURE 76 'F 
AIR DEKSITY 0.075 l b / f t 

Fig. IV-27. Flow vs Pressure Drop across 
Loaded Matrix Tube 

1. C o n t i n u o u s A l p h a M o n i t o r i n g S y s t e m 

A c o n t i n u o u s a l p h a m o n i t o r i n g s y s t e m c o n s i s t i n g of A N L d e s i g n e d 
i m p a c t o r t y p e a i r m o n i t o r s u s i n g p a s s i v a t e d s i l i c o n d e t e c t o r s a n d a t w o 
c h a n n e l p u l s e h e i g h t a n a l y z e r h a s b e e n d e v e l o p e d a n d i n s t a l l e d . T h i s t y p e of 
s y s t e m w i l l s e p a r a t e t h e ^^^Pu a l p h a p e a k f r o m t h e r a d o n d a u g h t e r p e a k s . 
B e c a u s e of t h e p u l s e h e i g h t d i s t r i b u t i o n of t h e a l p h a a c t i v i t y f r o m t h e r a d o n 
d a u g h t e r s s o m e of t h e c o u n t s w i l l a p p e a r i n t h e ^^^Pu c h a n n e l . I n o r d e r to 
d e t e r m i n e t h e r e a l ^ ^ ' P u a l p h a c o n t e n t i n t h e a i r i t i s n e c e s s a r y to c o r r e c t 
t h e c o u n t i n g r a t e i n t h e ^^^Pu a l p h a c h a n n e l s u s i n g t h e v a l u e of t h e c o u n t i n g 
r a t e i n t h e r a d o n d a u g h t e r c h a n n e l . T h e a l p h a i m p a c t o r a n d d e t e c t o r s w i l l 
i n i t i a l l y b e l o c a t e d i n t h e f o l l o w i n g a r e a s : 

(a) one on e a c h r e a c t o r half in the p l e n u m c h a m b e r of the 
cool ing s y s t e m , 

(b) one on the r e a c t o r c e l l wa l l n e a r the loading p o r t f r o m the 
w o r k r o o m , 

(c) one above the p r o c e s s i n g hood in the w o r k r o o m . 



(d) one above the load ing hood in the w o r k r o o m , 

(e) one in the e x h a u s t duc t of the w o r k r o o m hoods ; and 

(f) one in the e x h a u s t duct of the p l u t o n i u m vaul t . 

The ^^^Pu count ing r a t e c h a n n e l h a s a t r i p poin t so tha t w h e n the count ing 
r a t e e x c e e d s a p r e s e t va lue t h e r e wi l l be an a l a r m i n d i c a t i o n on the annun­
c i a t o r p a n e l . 

2. Low L e v e l Alpha Ac t iv i ty A i r S a m p l e s 

Low a i r flow s a m p l i n g po in t s us ing a f i l t e r head wi l l be l oca t ed 
at the fol lowing p l a c e s : 

(a) above p r o c e s s i n g hood, 

(b) above load ing hood, 

(c) above p r e l o a d i n g t a b l e , 

(d) fuel coa t ing r o o m , 

(e) r e a c t o r c e l l n e a r d r a w e r p o r t s , 

(f) c o n t r o l r o o m s , 

(g) p l u t o n i u m v a u l t , 

(h) u r a n i u m v a u l t , 

(i) c o r r i d o r b e t w e e n c o n t r o l r o o m s , 

(j) c o r r i d o r o u t s i d e of a i r l o c k , 

(k) s t a c k ; a n d 

(1) i s o l a t i o n r o o m s (2 ) . 

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

3. S u r f a c e M o n i t o r s 

S u r f a c e m o n i t o r i n g e q u i p m e n t wi l l be u s e d to s u r v e y p l u t o n i u m 
fuel c a n s for g r o s s a lpha ac t i v i t y . Ten w i r e gas p r o p o r t i o n a l a lpha p r o b e 
c o u n t e r s d e s i g n e d by the L a b o r a t o r y wi l l be u s e d for m o n i t o r i n g the fuel 
p l a t e s and d r a w e r s in the d i f fe ren t hoods in the w o o k r o o m a s wel l a s for 
p e r s o n n e l m o n i t o r i n g of h a n d s and fee t in the change r o o m s and in the r e a c ­
to r c e l l s . They wi l l be equ ipped with a count r a t e nneter ( v i s u a l output) 
a n d / o r an e a r p h o n e o r s p e a k e r (audio output) . 



4. M i s c e l l a n e o u s Alpha M o n i t o r s 

A l t e r n a t i n g c u r r e n t o p e r a t e d a lpha m o n i t o r i n g e q u i p m e n t wi l l be 
a v a i l a b l e for c h e c k i n g a i r s a m p l e s ob t a ined f r o m the c o n f i n e m e n t she l l v o l ­
u m e and f r o m the s t a c k . Ai r s a m p l e s wi l l be m o n i t o r e d f r o m the conf ine ­
m e n t she l l v o l u m e only in the even t of an a c c i d e n t a l d i s c h a r g e of p l u t o n i u m 
in the c e l l s . Ai r e x h a u s t i n g f r o m the s t a c k wi l l be c o l l e c t e d us ing a f i l t e r 
p a p e r h o l d e r and m o n i t o r e d wi th ac o p e r a t e d e q u i p m e n t . 

P o r t a b l e e q u i p m e n t for f loor m o n i t o r i n g wi l l a l s o be a v a i l a b l e . 

5. B e t a and G a m m a M o n i t o r i n g E q u i p m e n t 

a. Juno S u r v e y M e t e r s 

G a m m a r a d i a t i o n f i e lds of ~5 m r / h r to 50,000 m r / h r c a n 
e a s i l y be m e a s u r e d wi th m e t e r s such a s the Juno type s u r v e y m e t e r s m a n u ­
f a c t u r e d by T e c h n i c a l A s s o c i a t e s , B u r b a n k , C a l i f o r n i a . It i s e x p e c t e d t h a t 
m a s s i v e q u a n t i t i e s of p l u t o n i u m could p r o d u c e s u r f a c e d o s e r a t e s up to 
~10 r a d s / h r for a d i r t y fuel, m a k i n g i t n e c e s s a r y to p r o v i d e s u r v e y e q u i p ­
m e n t to m e a s u r e t h e s e r a d i a t i o n f i e l d s . The c a p a b i l i t y of m e a s u r i n g r a d i a ­
t ion f i e lds up to 10 and 5 x 1 0 m r / h r u s ing i o n i z a t i o n type m o n i t o r i n g 
i n s t r u m e n t s wi th p r o b e e x t e n s i o n s of 4 and 12 ft i s a l s o a v a i l a b l e . 

b . Low L e v e l B e t a - G a m m a S u r v e y I n s t r u m e n t s 

S u r v e y i n s t r u m e n t s c a p a b l e of m e a s u r i n g f r o m b a c k g r o u n d 
to 20 m r / h r l e v e l s wi l l be u s e d w h e r e l e v e l s a r e too low for the Juno 
m e t e r s to m e a s u r e a c c u r a t e l y . The Juno can r e a c h no c l o s e r t han 2 in . 
f r o m the r a d i a t i o n s o u r c e , whi le the low l e v e l p r o b e s c a n r e a c h to wi th in 
1 in. f r o m the s o u r c e . E q u i p m e n t such a s m o d e l 107C s u r v e y i n s t r u m e n t 
m a n u f a c t u r e d by P r e c i s i o n R a d i a t i o n I n s t r u m e n t s , I n c . , L o s A n g e l e s , 
C a l i f o r n i a , or e q u i v a l e n t , wi l l be u s e d for t h i s p u r p o s e . The p r o b e i s s e n ­
s i t i ve to bo th b e t a and g a m m a r a d i a t i o n , bu t d i s c r i m i n a t i o n i s e a s i l y a c ­
c o m p l i s h e d by c o v e r i n g the p r o b e wi th a b e t a sh ie ld . 

F . A n n u n c i a t o r S y s t e m 

An a n n u n c i a t o r s y s t e m h a s b e e n i n s t a l l e d on the C o n t r o l C o n s o l e s of 
e a c h of the two f a c i l i t i e s to p r o v i d e the r e a c t o r o p e r a t o r s wi th c o n s o l i d a t e d 
i n f o r m a t i o n r e g a r d i n g the s t a t u s of the c o m p l e t e r e a c t o r s y s t e m . E a c h a n ­
n u n c i a t o r p a n e l c o n s i s t s of m a n y a n n u n c i a t e d p o i n t s of wh ich at l e a s t 
53 p o i n t s a r e c o m m o n to a n n u n c i a t o r p a n e l s on both the Z P R - 6 and - 9 con ­
s o l e s . T h e s e p o i n t s p r e s e n t i n f o r m a t i o n on the s t a t u s of the bu i ld ing p r e s ­
s u r e s y s t e m , a i r l ocks and r a d i a t i o n m o n i t o r s which could affect the 
o p e r a t i o n of e i t h e r r e a c t o r . The r e m a i n i n g p o i n t s p r o v i d e i n f o r m a t i o n only 
for the c o n t r o l r o o m d i r e c t l y involved . 



The a n n u n c i a t o r i n f o r m a t i o n c a n be d iv ided in to the fol lowing 
c a t e g o r i e s : 

(1) R a d i a t i o n Mon i to r S ta tus 

(2) N u c l e a r I n s t r u m e n t a t i o n S t a tu s 

(3) V e n t i l a t i o n and P r e s s u r e S y s t e m S ta tus 

(4) Door S t a t u s 

(5) M i s c e l l a n e o u s C o n t r o l I t e m S ta tu s 

The layout of the c o m p l e t e a n n u n c i a t o r i s shown in F i g . I V - 2 8 . 
S e p a r a t e s e c t i o n s a r e shown by u s e of a heavy b l a c k l i ne . 

The r e s p o n s e of the a n n u n c i a t o r for s e c t i o n s 1, 2, 4, 5, and 7 i s a s 
fo l lows : 

When an a b n o r m a l cond i t i on e x i s t s it wi l l p r o v i d e a f l a sh ing l ight 
and an aud ib le a l a r m . The a l a r m s wi l l con t inue unt i l a cknowledged . If 
the f ie ld cond i t ion i s s t i l l off n o r m a l , the a c k n o w l e d g m e n t wi l l s i l e n c e the 
aud ib le a l a r m and c a u s e the l a m p s to r e m a i n s t e a d y on. R e s e t to n o r m a l 
i s a u t o m a t i c a f t e r f ie ld cond i t ion c l e a r s . 

The s e q u e n c e for s e c t i o n s 3 and 6 i s a s fo l lows : 

When an a b n o r m a l cond i t i on e x i s t s i t wi l l p r o v i d e f l a sh ing l a m p s . 
A c k n o w l e d g m e n t c a u s e s l a m p s to r e m a i n s t e a d y on. R e s e t to n o r m a l i s 
a u t o m a t i c when cond i t i on c l e a r s r e g a r d l e s s of o p e r a t o r ac t i on . 

The a n n u n c i a t o r d e s i g n i s a s fai l safe a s p o s s i b l e . W h e r e the r e a d ­
out p e r m i t s , a t l e a s t two l a m p s a r e u s e d so tha t b u r n o u t of one wi l l not 
t ake a po in t out of o p e r a t i o n . If one l a m p fa i l s the o t h e r c o m e s on b r i g h t e r 
i nd i ca t i ng the n e e d for r e p l a c e m e n t . All l a m p s a r e o v e r r a t e d and a r e 
n o r m a l l y o p e r a t e d on d i m to r e d u c e t h e r m a l s t r e s s . 

All f ie ld p o i n t s a r e n o r m a l l y c l o s e d and a r e o p e r a t e d wi th a v o l t a g e 
app l i ed . If an open o c c u r s , o r if a po in t i s s h o r t e d to g round , an a l a r m 
cond i t i on wi l l e x i s t . 

R e s e t and T e s t b u t t o n s for the a n n u n c i a t o r p a n e l a r e l o c a t e d on the 
r e a c t o r c o n t r o l c o n s o l e . All p o i n t s on the a n n u n c i a t o r can be c h e c k e d 
t h r o u g h the u s e of the t e s t bu t ton . 

G. C o n f i n e m e n t She l l P r e s s u r e I n d i c a t i o n 

As a p a r t of the m o d i f i c a t i o n s to the Z P R - 6 and -9 f a c i l i t i e s a con­
f i n e m e n t s h e l l a s d e s c r i b e d in C h a p t e r V h a s b e e n c o n s t r u c t e d a r o u n d the 
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r e a c t o r c e l l s . The c o n f i n e m e n t she l l v o l u m e wi l l n o r m a l l y be m a i n t a i n e d 
du r ing r e a c t o r o p e r a t i o n at 0.994 b a r s ( -2 .5 in. of w a t e r with r e s p e c t to 
a t m o s p h e r e ) p r e s s u r e so tha t in the even t of a s e v e r e n u c l e a r a c c i d e n t 
p a r t i c u l a t e m a t t e r wi l l not e s c a p e to the a t m o s p h e r e . It has b e e n e s t i m a t e d 
tha t a d i f f e r en t i a l p r e s s u r e of at l e a s t 0.998 b a r s (-1.0 in . of w a t e r ) b e t w e e n 
the a t m o s p h e r e and the con f inemen t she l l v o l u m e would be suff ic ient to p r e ­
ven t o u t l e a k a g e of p a r t i c u l a t e m a t t e r by diffusion t h rough any s m a l l l e a k s or 
open ings to the a t m o s p h e r e . Al though the e x h a u s t fans of the con f inemen t 
she l l v o l u m e wi l l m a i n t a i n a p r e s s u r e of 0.994 b a r s ( -2 .5 in. of w a t e r ) 
wi th in the v o l u m e , the a c t u a l d i f f e r en t i a l p r e s s u r e on a g iven wa l l of the 
c o n f i n e m e n t she l l m a y v a r y b e c a u s e of wind c u r r e n t s . It h a s b e e n e s t i m a t e d 
tha t a 0.998 b a r ( -1 .0 in. of w a t e r ) d i f f e ren t i a l p r e s s u r e m a y be m a i n t a i n e d 
on the ou t s ide wa l l s u r f a c e a s long a s the wind ve loc i t y does not e x c e e d 
62 mph . In add i t ion the c o n f i n e m e n t she l l h a s b e e n d e s i g n e d to w i t h s t a n d 
d i f f e r en t i a l p r e s s u r e s up to about 6 in. of w a t e r . T h e s e b o u n d a r y cond i t i ons 
n e c e s s i t a t e the i n s t a l l a t i o n of p r e s s u r e m e a s u r i n g d e v i c e s on the v a r i o u s 
s u r f a c e s of the c o n f i n e m e n t she l l so tha t the r e a c t o r o p e r a t o r s b e c o m e 
a w a r e of the cond i t ion when the n e g a t i v e 0.998 b a r s ( -1 .0 in. of w a t e r ) i s no 
longer m a i n t a i n e d on a g iven s u r f a c e o r when the d i f f e r en t i a l p r e s s u r e 
e x c e e d s 6 in. of w a t e r . 

B e c a u s e of v a r i a t i o n in wind ve loc i t y and d i r e c t i o n , the d i f f e r e n t i a l 
a i r p r e s s u r e i s m e a s u r e d at 49 s e l e c t e d po in t s on the she l l by m e a n s of 
d i f f e r en t i a l p r e s s u r e s w i t c h e s (F . W. Dwyer M a n u f a c t u r i n g Co . , 
M i c h i g a n City, Ind iana) ; 17 of t h e s e s w i t c h e s a r e s e t to open when the 
d i f f e r en t i a l p r e s s u r e e x c e e d s - 6 in. of w a t e r (Model 1 8 2 0 - 1 0 - A - M I L ) ; the 
r e m a i n i n g 32 s w i t c h e s a r e s e t to open when the d i f f e r en t i a l p r e s s u r e fa l l s 
be low - 1 . 0 in. of w a t e r (Model 1 8 2 0 - 2 - A - M I L ) . The l oca t i on of t h e s e 
s w i t c h e s on the c o n f i n e m e n t s h e l l s u r f a c e s a r e shown in F i g . IV-29-
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Fig. IV-29. Shell Pressure Switch Locations 



If a differential p r e s s u r e g rea t e r than -6 in. of water is detected by 
the p r e s s u r e switches, an indication and a l a r m will appear on the control 
console. The shell fans will then be turned off to prevent possible damage 
to the shell . If the p r e s s u r e drops below -1.0 in. of water an indication is 
displayed in the control room. The indications on the p r e s s u r e switch panel 
on the control console and information from the wind velocity and direct ion 
de tec tors located on the roof and monitored at the control console will be 
used to decide if r eac to r operat ions should be t e rmina ted until such t ime as 
more favorable wind conditions exist . 

The readout for the p r e s s u r e switches will be on a panel with s i l ­
houette elevations of the building. Lights will be located on the silhouette 
at posit ions corresponding to the locations of the p r e s s u r e switches on the 
building shell. If a p r e s s u r e switch is activated a corresponding lamp will 
light on the Shell P r e s s u r e Readout and this fact will init iate an a l a r m sig­
nal on the main annunciator panel. 

All c i r cu i t ry is as fail safe as poss ib le ; consis tent with good design 
prac t ice . Two wi res will be run to each switch and a potential applied so 
that any open or short to ground will cause an indication on the panel. 

H. Tempera tu re Monitoring System 

Tempera tu re monitoring of the Z P R - 6 and -9 r e a c t o r s will be with 
thermocouples and a multipoint r e c o r d e r . Thermocouples will be placed 
in the mat r ix , in a few d rawer s adjacent to plutonium e lements , and in the 
exhaust a i r duct for each half of the r eac to r . The r eac to r cooling sys tem 
will be shutdown whenever the r eac to r core t empera tu re goes significantly 
above normal operating t e m p e r a t u r e s indicating the possibi l i ty of a f ire in 
the r eac to r . 

The t empe ra tu r e r e c o r d e r will be supplemented by a digital volt­
mete r which will be connected to m e a s u r e the output of a number of ther ­
mocouples, including those monitored by the multipoint r e c o r d e r . The 
digital vol tmeter will serve to m e a s u r e t e m p e r a t u r e s more accura te ly 
than will the multipoint r e c o r d e r , whenever such a need ex is t s . 
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C h a p t e r V 

M A T E R I A L S 

A. G e n e r a l 

In o r d e r to have a high d e g r e e of f lex ib i l i ty in the c o m p o s i t i o n s and 
g e o m e t r i e s wh ich a r e s tud ied on the A r g o n n e fa s t c r i t i c a l f a c i l i t i e s Z P R - 3 , 
- 6 , - 9 and Z P P R , the L a b o r a t o r y ' s i n v e n t o r y of f i s s i l e , f e r t i l e , s t r u c t u r a l and 
and coo lan t m a t e r i a l s a r e in p l a t e f o r m . T h e p l a t e s wh ich a r e u s e d in the 
c o r e have n o m i n a l t h i c k n e s s of 1/32, 1/16, 1/8, 1/4 and 1/2 in. wi th a he igh t 
of 2 in . and of v a r y i n g l e n g t h in i nch i n c r e m e n t s . E x a m p l e s of s u c h p l a t e s 
m a y b e s e e n in F i g . V - 1 . B l o c k s hav ing t h i c k n e s s e s of one and two i n c h e s 
a r e a l s o i nc luded in the i n v e n t o r y for u s e in the b l anke t o r r e f l e c t o r r e g i o n 
of the r e a c t o r s . T h e m a t e r i a l s u s e d in the A r g o n n e fa s t c r i t i c a l f a c i l i t i e s 
a r e of s t a n d a r d d i m e n s i o n s so tha t the m a t e r i a l s m a y be u s e d i n t e r c h a n g e a b l y 
in a l l four f a c i l i t i e s . Al l of the m a t e r i a l s a r e c o l o r coded o r s t a m p e d with 
ident i fy ing m a r k s for e a s e of i den t i f i c a t i on . 

DEPLETED URANIUM ALUMINUM 

STEEL 

DEPLETED URAi lU i A L « I N U i STAINLESS STEEL SODIUM CANS 
,, , „ PLUTONIUM IN 
" • " 5 STAINLESS 

STEEL CANS 

Fig. V-1. Plates and Blocks for ZPR-6 and -9 

A t y p i c a l d r a w e r load ing i s shown in F i g . V - 2 w h e r e t h r e e d r a w e r s 
a r e shown l o a d e d wi th fuel , f e r t i l e m a t e r i a l and s o d i u m c a n s . 
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Fig. V-2. Three Loaded Drawers 
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B . F u e l and O t h e r M a t e r i a l s 

T h e L a b o r a t o r y m a i n t a i n s a l a r g e i n v e n t o r y of f i s s i l e m a t e r i a l s 
for u s e in Z P R - 3 , - 6 , - 9 and Z P P R . T h e u r a n i u m fuel i n v e n t o r y i s about 
2300 kg of ^^^U whi le the t o t a l p l u t o n i u m i n v e n t o r y wi l l be in e x c e s s of 
3000 kg . The g e n e r a l d i m e n s i o n a l and i s o t o p i c c h a r a c t e r i s t i c s of the fuels 
a v a i l a b l e to Z P R - 6 and - 9 a r e l i s t e d in T a b l e V - 1 . 

Table V-1 

FISSILE AND FERTILE MATERIALS 

Material 

1. 93% 235u 

2. 20% 235u 

3. 31% 235u 

4. 98.9 w/o Pu, 1.1 w/o Al 

5. 98.9 w/o Pu, L I w/o Al 

6. 20 w/o Pu, 77.5 w/o U, 
2.5 w/o Mo 

7. 28 w/o Pu, 69.5 w/o U, 
2.5 w/o Mo 

8. 36 w/o Pu, 61.5 w/o U, 
2.5 w/o Mo 

Depleted Uranium 

Depleted Uranium Blocks 

5.7/1 U/Pu Rod Elements 

2.4/1 U/Pu Rod Elements 

5.1/1 238u/235u Rod 

Elements 

1.2/1 238u/235u ^^ 

Elements 

5.7/1 U/Pu Plates 

Depleted Uranium Oxide 
Rod Element 

^kg of total uranium, 
''kg of total plutonium. 
^kg of 235u. 

Nominal Dimension, in. 

(V32, 1/16, 1/8) X 2 X (1, 

1/16 X 2 X (1, 2, 3) 

1/8 

1/8 

1/4 

W 

1/4 

1/16, 1/8 

2, 5 

0.375 diam 

0.375 diam 

0.375 diam 

0.375 diam 

1/4 

0.375 diam 

Heavy 

2, 3) 

-

Total Quantity, kg 

Metal 

Oxide 

2,560^ 

1803 

83^ 

210'' 

17.4" 

175'' 

2,900'' 

190'' 

20,000 

154,000 

150 b 

135'' 

150 c 

150C 

40 c 

900a 

Clad 

Unclad 

Unclad 

Unclad 

SS 

SS 

SS 

SS 

SS 

Unclad 

Unclad 

SS 

SS 

SS 

SS 

SS 

SS 

Comments 

95% 239pu, 4.5% 240pu (Ref. 

72.8 239pu, 21.9 2'lOpu (Ref. 

91% 239pu, 8.5% 240pu (Ref. 

88% 239+241pu, i27„ 240p ĵ 

737. 239+241pu, 27% 240pu 

11 

2) 

2) 

T h e u r a n i u m fuels have b e e n u s e d in Z P R - 3 , - 6 and -9 for m a n y 
y e a r s . They a r e b a s i c a l l y r o l l e d m e t a l p l a t e s wh ich a r e coa t ed wi th about a 
0.001 c m th i ck n o n h y d r o g e n e o u s K E L - F (3M Co.) t r i f l u o r o c h l o r o e t h y l e n e 
p o l y m e r wi th r e d p i g m e n t ( i r on ox ide) . T h e coa t ing i s to r e d u c e ox ida t ion , 
to m i n i m i z e a lpha c o n t a m i n a t i o n , and to p r o v i d e an ea sy m e a n s of i d e n t i f i c a ­
t ion . T h e 93% e n r i c h e d u r a n i u m p l a t e s a r e c o l o r e d r e d , whi le the 20% p l a t e s 
a r e r e d wi th whi te s t r i p s and the 31% e n r i c h e d p l a t e s h a v e a ye l low p i g m e n t . 

T h e p l u t o n i u m u n d i l u t e d by ^^^U h a s b e e n d e s c r i b e d in A N L - 6 5 0 4 
(Ref. 1); t hus only the new 28 w / o p l u t o n i u m a l l o y s wi l l be d e s c r i b e d h e r e . 
T h e l a r g e s t f r a c t i o n of the p l u t o n i u m fuel for u s e on Z P R - 6 or -9 wi l l be 
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a 28 w / o P u , 69.5 w / o U, 2.5 w / o Mo a l loy in p l a t e f o r m which h a s b e e n 
d e v e l o p e d by the A N L M e t a l l u r g y Div i s ion , The p l u t o n i u m a l loy h a s the 
n o m i n a l o v e r a l l d i m e n s i o n s of 0.64 x 5 x (10, 12.5, 15, 17.5 , and 20 cm) 
( 1 / 4 X 2 X (4, 5, 6, 7, 8) in.) and wi l l be t igh t ly canned in 0 .015- in . th ick 
s t a i n l e s s s t e e l (Type 304) c a n s a s shown in F i g . V - 3 . T h i s p a r t i c u l a r 
a l loy h a s b e e n found by Kelman^ to be h ighly r e s i s t a n t to a i r c o r r o s i o n . 
S o m e of i t s o t h e r p r o p e r t i e s a r e l i s t e d in T a b l e V - 2 . The n u c l e a r p r o p e r t i e s 
of the fuel i s o t o p e s a r e g iven in T a b l e V - 3 . 

U. 28*. Pu. l.i% Mo. 

KOMINAL LENGTHS - H INCHES THRU 9 INCHES 

on CUD 

.016 THICKNESS 

Fig. V-3. Plutonium Fuel Element 

Table V-2 

PROPERTIES OF URANIUM PLUTONIUM ALLOY 

Linear E35>ansion Coef f ic ien t 

3,4 

25 - 220°C 

220 - 380°C 

380 - 5450c 

25 - 5i+5°C 

545 - 620°C 

620 - 700°C 

15.4 X 10~6 /OQ 

28.4 X 10~6 /©c 

28.7 X 10~6 /oc 

Average 23.6 x io"6 /°c 

0.39% Change in length 

24.7 X 10~6 /oc 

Density 

18.3 g/cm3 

Mean Specific Heat 

0.037 cal/g°C 

Melting Point 

880 - 980°C 

The fuel e l e m e n t s a r e 
c u r r e n t l y be ing f a b r i c a t e d u s i n g 
p r e c i s i o n c a s t i n g t e c h n i q u e s . 
T h e p l u t o n i u m al loy c o r e p l a t e s 
a r e l o a d e d in to s t a i n l e s s s t e e l 
c a n s and end p lugs a r e w e l d e d 
in p l a c e . T h e r e i s no m o r e than 
0.08 m m (0.003 in.) s p a c i n g 
b e t w e e n the u r a n i u m - p l u t o n i u m 
a l loy and c lad in the a x i a l d i ­
r e c t i o n . X - r a y s of r a n d o m l y 
s a m p l e d fuel e l e m e n t s a r e m a d e 
to i n s u r e tha t the fuel e l e m e n t 
m a n u f a c t u r e r h a s m e t t h e a f o r e ­
m e n t i o n e d s p e c i f i c a t i o n s . F o r a 
10 c m (4 in.) long fuel e l e m e n t 
t h i s r e s u l t s in a m a x i m u m l o s s 
of 48°C in the fuel e x p a n s i o n c o ­
ef f ic ient . S ince t h e r e i s con t ac t 
b e t w e e n the c o r e and end p l u g s , 
t h e r e is p r o m p t t r a n s m i s s i o n of 
t h e t h e r m a l e x p a n s i o n to the 
j a c k e t ends and m o t i o n to the 
r e s t of the c o l u m n of fuel . 



Table V - 3 

NUCLEAR PROPERTIES OF FUEL ISOTOPES 

Delayed 
Spontaneous Neutron 
Fission Fraction, g Isotopic Isotopic 

Isotope 

U233 

U235 

U238 

Pu238 

pu2 39 

pu2UQ 

Pu2-1 

p^Zkl 

Am^"! 

Half Life 
(yrs) 

1.62 X 105 

7 .1 X 108 

4.51 X 109 

86.4 

24,360 

6,580 

13.0 

3.79 X 105 

458 

Spec. Ac t iv i ty 
( d i s / s ec g) 

3.51 X 108 

7.93 X I Q 5 

1.23 X 10= 

6.44 X lOii 

2.27 X io9 

8.39 X 1012 

4.23 X 1012 

1.44 X io8 

1.20 X lOii 

Watts/kg 

0.27 

5.5 X 10"'* 

8.3 X 10"^ 

567 

1.85 

6.85 

14 

0.112 

105 

Half Life 
Cyrs) 

1.8 X 1017 

8.04 X iQis 

4.9 X IQlO 

5.5 X 1015 

1.2 X l o i i 

- -

7.1 X IQlO 

- -

Neut/sec kg 
of Isotope 

6 .1 X l O ' i 

1.5 X 102 

2.3 X 106 

2.0 X lOi 

1.0 X 106 

1.8 X 106 

Fast 
F iss ion 

0.0027 

0.0065 

0.0157 

0.0021 

0.0026 

Comp. 

0.05 

86 

12 

1.8 

' 0 .3 

After 
2 y r s 

0.2 

Total 

Watts/kg 

0.28 

1.58 

0.82 

0.25 

0.21 

3.1 

Neut/sec kg 
of Pu 

1.2 X 103 

1.7 X IQl 

1.2 X io5 

- -

5.4 X 103 

1.3 X 105 

Comp. 

1 

54 

30 

10.8 

3 

After 
2 yrs 

1.2 

Watts/kg 

5.7 

1.0 

2 .1 

1.5 

1.1 

11.4 

Neut/sec kg 
of Pu 

2 .3 X lO"* 

1 X IQl 

3 X IQS 

- -

5.4 X 10" 

3.7 X 105 

o 
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S ince one of the m e c h a n i s m s for the shu tdown of the r e a c t o r in the 
event of a n u c l e a r a c c i d e n t i s t h a t due to fuel e x p a n s i o n and the p r o p a g a t i o n 
of the e x p a n s i o n a long a fuel c o l u m n , t r a n s i e n t t e s t s w e r e conduc ted on 
T R E A T to d e t e r m i n e the e x p a n s i o n c h a r a c t e r i s t i c s of a fuel c o l u m n . A 
fuel e l e m e n t con ta in ing d e p l e t e d u r a n i u m but s i m i l a r in d e s i g n to the d e ­
v e l o p e d p l u t o n i u m - u r a n i u m a l loy fuel e l e m e n t w a s p l a c e d in a Z P R - 3 d r a w e r 
wi th a t y p i c a l c o r e l o a d i n g . R e s u l t s of the t e s t s i n d i c a t e d tha t the fuel 
c o l u m n expanded a s e x p e c t e d and tha t fuel c o l u m n e x p a n s i o n c a n be r e l i e d 
upon a s a shutdow^n m e c h a n i s m . 

In add i t ion to the 28 w / o P u a l loy fuel , t he L a b o r a t o r y wi l l have 
about 500 kg of fuel wh ich c o n t a i n s 36 w / o P u hav ing an i s o t o p i c con ten t 
of 27% 2^°Pu and 73% " ' P u + ^^^Pu. T h i s a l loy h a s p h y s i c a l c h a r a c t e r i s t i c s 
s i m i l a r to the 28 w / o P u a l l oy . I ts a i r c o r r o s i o n c h a r a c t e r i s t i c s a p p e a r 
to be a l s o s i m i l a r to t h a t of the 28 w / o P u m a t e r i a l . 

In o r d e r to m o c k u p c a r b i d e and oxide fuels and v a r i o u s s t r u c t u r a l 
and coo lan t m a t e r i a l s the L a b o r a t o r y m a i n t a i n s a l a r g e i n v e n t o r y of s t r u c ­
t u r a l and coo l an t m a t e r i a l s . T h e m a j o r m a t e r i a l s wh ich a r e a v a i l a b l e in 
the L a b o r a t o r y ' s i n v e n t o r y a r e l i s t e d in T a b l e V - 4 , T h o s e m a t e r i a l s such 
a s s o d i u m and Na2C03 w h i c h r e a c t qu ick ly wi th oxygen o r w a t e r a r e canned 
in th in (0 .015 in.) w a l l s t a i n l e s s s t e e l c a n s . T h e s e m a t e r i a l s a r e co lo r 
coded to d i s t i n g u i s h one f r o m a n o t h e r e a s i l y . 

Table V-4 

MATERIALS INVENTORY 

Material Nominal Thickness, in. Total Quantity, kg Comments 

Na 

Na2C03 

U3O8 

Fe203 

C 

AI2O3 

BeO 

Mo 

Ni 

Nb 

SS 

V 

W 

Zr 

A! 
(45% density) 
(63% density) 
(56% density) 
(100% density) 

SS Void Cans 

SS Void Simulation Frames 

Structural and Coolant 

1/4, V2 

1/4 

1/8, 1/4 

1/8 

V8 

1/4, 1/8 

V8, 1/4, 1 

1/8 

1/4 

1/8 

1/16, 1/8, 1/4 

1/16 

1/16, 1/8 

1/8 

1/8, V4 
1/8, 1/4 
1/8, 1/4 

1/16, 1/8, 1/4, 1, 2 

1/4, 1/8 

1/4 

4,600 

3,000 

40,000 

3,263 

1,441 

579 

2,028 

1,713 

5,034 

57 

11,000 

13 

1,915 

482 

SS Clad 

SS Clad 

1,335 
2,195 

825 
7,785 

70 

548 
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C h a p t e r VI 

R E A C T O R C O N T A I N M E N T 

A, Z P R Bu i ld ing 

T h e Z P R - 6 and - 9 a r e l o c a t e d in the w e s t wing of the R e a c t o r P h y s i c s 
L a b o r a t o r y , Bu i ld ing 316-W, a s shown in F i g , V I - 1 . The 316-W bu i ld ing 
c o n s i s t s of one s e r v i c e f loor be low g round l e v e l and 3 l e v e l s a b o v e . T h e 
s e r v i c e o r b a s e m e n t f loor , w h o s e p l a n i s sho'wn in F i g , V I - 2 , c o n t a i n s 2 
coun t ing r o o m s , an e x p e r i m e n t a l l a b o r a t o r y and a m e c h a n i c a l - e q u i p m e n t 
r o o m . T h e f i r s t f loor h a s 2 r e a c t o r c e l l s , one o t h e r e x p e r i m e n t a l c e l l , 
vau l t , vau l t w o r k r o o m , r e a c t o r c o n t r o l r o o m s , of f ices , l a b o r a t o r i e s , and 
w a s h r o o m s ( s e e F i g , VI -3 ) . T h e s e c o n d f loor , w h o s e p l an i s shown in 
F i g , V I - 4 , h a s o f f ices , l a b o r a t o r i e s , and a hot l a b o r a t o r y w h e r e r a d i o a c t i v e 
m a t e r i a l s m a y be h a n d l e d . T h e t h i r d l e v e l h o u s e s a i r - e x h a u s t fans and a i r 
f i l t e r s a s shown in F i g , V I - 5 . 

B , R e a c t o r C e l l s 

T h e Z P R - 6 and - 9 f a c i l i t i e s a r e c u r r e n t l y l o c a t e d in b l a s t r e s i s t a n t , 
h ighly r e i n f o r c e d c o n c r e t e c e l l s ' ' ^ a s shown in the f loor p l a n of F i g , V I - 3 , 
T h e i n t e r i o r d i m e n s i o n s of each ce l l a r e 12 m (40 ft) by 9 m (30 ft) and a 
he igh t of 9 m (30 ft). T h e r e i s 1.5 m (5 ft) of r e i n f o r c e d c o n c r e t e b e t w e e n 
e a c h ce l l and i t s c o n t r o l r o o m . T h e o t h e r 3 s i d e s of the ce l l , f loor , and 
ce i l i ng h a v e 1,2 m (4 ft) of r e i n f o r c e d c o n c r e t e a s s h i e l d i n g . T h e c e n t e r 
of the Z P R - 6 fac i l i ty i s l o c a t e d a p p r o x i m a t e l y 5.5 m f r o m the sou th wa l l , 
3,4 m f r o m the w e s t w a l l and 2.1 m above the f loor . T h e Z P R - 9 fac i l i ty i s 
l o c a t e d t h e s a m e d i s t a n c e f r o m the sou th w a l l and above the f loor but 3.4 m 
f r o m the e a s t w a l l . A s u m m a r y of the p h y s i c a l c h a r a c t e r i s t i c s of the ce l l 
i s g iven in T a b l e V I - 1 . 

Both r e a c t o r c e l l s w e r e d e s i g n e d to w i t h s t a n d the b l a s t effects of a 
b a r e c h a r g e of 45 kg (100 lb) of TNT exp loded at the c e n t e r of the r e a c t o r 
ce l l , a s w e l l a s a l o n g - t i m e d u r a t i o n p r e s s u r e of abou t 3.7 b a r s (47 p s i g ) . 
S t r a i n gauge t e s t s by S. H. F i s t e d i s et al , ' ' h a v e b e e n m a d e on the r e i n f o r c e d 
c o n c r e t e w a l l s . 

U s i n g the m e a s u r e d s t r a i n gauge v a l u e s ob ta ined f r o m the a s con ­
s t r u c t e d r e i n f o r c e d c o n c r e t e w a l l s , it i s now e s t i m a t e d tha t con t inuous i n ­
t e r n a l c e l l p r e s s u r e s shou ld not e x c e e d 3,4 b a r s (35 p s ig ) wh ich i s s l igh t ly 
l e s s t han the d e s i g n p r e s s u r e of 3,7 b a r s (40 p s i g ) . 

A n a l y s i s by N e w m a r k and Hall"* i n d i c a t e s t ha t t he ce l l a s c o n s t r u c t e d 
w i l l c o n t a i n the b l a s t e f fec ts e q u i v a l e n t to at l e a s t 86 kg of TNT at t he c e n t e r 
of the 2.5 m cube s t a i n l e s s s t e e l m a t r i x . A c c e p t i n g m i n o r c r a c k i n g , it i s 
e s t i m a t e d tha t t he b l a s t effects of at l e a s t 136 kg of TNT (1,5 x 10^ c a l e n e r g y 
r e l e a s e ) could be c o n t a i n e d . 
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Table VI-1 

SUMMARY OF PHYSICAL CHARACTERISTICS OF CELLS 

In t e r io r Cel l Size (Cells 4 and 5) 
Width 
Length 
Height 

Eas t , West , and South Wall Th ickness 

Ceil ing Th ickness 

F l o o r Th ickness 

Wall Th ickness between Cont ro l Rooms 
and Cel ls 

Vent i la t ing Sys t em (normal ) 
Intake P i p e Size 
Intake Capaci ty 
Exhaus t P i p e Size 
Exhaus t Capaci ty 

E m e r g e n c y Venting 
Exhaus t P i p e Size 
Exhaus t P i p e Size at Stack 
Exhaus t Capaci ty at Stack 

F l o o r - l o a d i n g L imi t s 
Cel ls 
Vaults 
Vault W o r k r o o m 

C r a n e Capac i t i e s 
Cel ls 
Vault 

Doorways 
P e r s o n n e l E n t r a n c e Way Opening 

9 m (30 ft) 
12 m (40 ft) 
9 m (30 ft) 

1.2 m (4 ft) 

1.2 m (4 ft) 

1.2 m (4 ft) 

1.5 m (5 ft) 

6 l - c m d iam (24-in. diam) 
3500 cfm 
6 1 - c m d iam (24-in. diam) 
3500 cfm 

61 cm d iam (24-in. diam) 
137 c m d iam (54-in. d iam) 
0-47,600 cfm 

3000 I b / s q ft 
500 I b / s q ft 
500 I b / s q ft 

5 tons + 1 ton auxi l ia ry 
1 ton 

2.1 m (7 ft) high x 0.91 m (3 ft) wide 

In o rde r to minimize the leakage of a i r from the reac to r cell , the 
penetrat ions to the cell have been l imited. In addition to those required by 
the se rv ice a i r l ines, telephone, and e lec t r i ca l power conduits, the follow­
ing penetrat ions of the cell exist: 

1. 1 m X 2 m normal personnel ent rance and a 0.8 m x 1.0 m 
personnel escape hatch; 

2. 1.5 m X 3 m freight access door; 

3. eighteen 3 in. pipe conduits for control wiring; 

4. two 24 in. pipe penetrat ions for inlet and outlet of the a i r -
conditioning sys tem; 

5. two 3 in, pipe for future use ; two 2 in. pipe for future use; 
two 1 in. pipe for future use; th ree 6 in, pipe for future use ; 
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6, t h r e e 3 in , p ipe p e n e t r a t i o n s to be u s e d as d r a w e r p o r t s for 
p a s s i n g r e a c t o r d r a w e r s f r o m v a u l t w o r k r o o m to the c e l l ; 

7. two 5 in , d i a m e t e r p e n e t r a t i o n s for the T i m e - o f - F l i g h t tube and 
P r o t o n B e a m T r a n s p o r t T u b e . (Only for Z P R - 6 ce l l , ) 

A l l of t h e condu i t s c o n t a i n i n g w i r i n g h a v e a n epoxy r e s i n s e a l in a 
s m a l l s e c t i o n of the condui t to m i n i m i z e l e a k a g e of a i r a r o u n d the w i r e s . 

D u r i n g the i n i t i a l a c c e p t a n c e t e s t i n g of the r e a c t o r c e l l s i t ^vas found 
tha t t he r e i n f o r c e d c o n c r e t e c o n s t r u c t i o n of the c e l l s w a s r e l a t i v e l y p o r o u s . 
When t h e c e l l s w e r e p r e s s u r i z e d to 10 p s i g , i t w a s found t h a t a i r w a s l e a k ­
ing out of a l a r g e a r e a of the ce l l w a l l s due to the p o r o u s n a t u r e of c o n c r e t e . 
The l e a k a g e r a t e w a s found to be about 2.8 l i t e r s / s e c (6 cfm) . In o r d e r to 
d e c r e a s e the l e a k a g e r a t e the i n t e r i o r w a l l s of the ce l l w e r e c o a t e d wi th a 
p h e n o l i c r e s i n b a s e p a i n t ( C a r b o l i n e 3 0 5 - - m a n u f a c t u r e d by the C a r b o l i n e 
C o m p a n y , Sa in t L o u i s , M i s s o u r i ) . F o l l o w i n g the p a i n t i n g the i n i t i a l l e a k a g e 
r a t e f r o m e a c h of the c e l l s w a s found to be abou t 1.5 cfm o r 6% of the v o l u m e 
p e r 24 h r at 10 p s i g . C u r r e n t l y the l e a k a g e r a t e fronn the c e l l s h a s b e e n 
m e a s u r e d to be b e t w e e n 8 to 12% of the c e l l v o l u m e p e r 24 h r o r 0 . 9 5 - -
1.4 l i t e r s / s e c (2 -3 cfm) at 1.7 b a r s (10 ps ig ) i n t e r n a l p r e s s u r e . It is p o s ­
s i b l e t h a t in t i m e the l e a k a g e r a t e m a y r e a c h a f i g u r e of 2.8 l i t e r s / s e c 
(6 cfm) wi th 1.7 b a r s (10 ps ig ) i n t e r n a l p r e s s u r e due to the d e t e r i o r a t i o n of 
the pa in t . L e a k c h e c k i n g wi l l be done on an a n n u a l b a s i s . If t h e l e a k a g e r a t e 
e x c e e d s 6 cfm a t 1.7 b a r s (10 ps ig ) r e a c t o r o p e r a t i o n wi l l be t e r m i n a t e d and 
ac t i on wi l l be t a k e n to r e d u c e the l e a k a g e below^ the 6 c fm. 

C. N o r m a l C e l l A i r Supply and E x h a u s t S y s t e m 

T h e r e a c t o r c e l l has 2 s e p a r a t e s y s t e m s for cond i t ion ing the a i r in 
the c e l l . When the r e a c t o r is not in o p e r a t i o n and p e r s o n n e l have a c c e s s to 
the ce l l , e x t e r n a l a i r , a f t e r p a s s i n g t h r o u g h f i l t e r s and a cond i t ion ing s y s t e m , 
i s b r o u g h t into the ce l l t h r o u g h a 60 c m (24 in.) d i a m e t e r p ipe l o c a t e d in t h e 
f loor a long the e a s t wa l l of the ce l l a s shown in the flow d i a g r a m of F i g . VI-6. 
The a i r is d i s t r i b u t e d in the c e l l by s h e e t m e t a l d u c t w o r k . T h e a i r flow 
t h r o u g h the p ipe i s c o n t r o l l e d by two 24 in . p n e u m a t i c a l l y o p e r a t e d b u t t e r f l y 
v a l v e s . T h e v a l v e n e a r e s t t he c e l l i s a s t e e l - s e a t e d b u t t e r f l y v a l v e c o n ­
s t r u c t e d to w i t h s t a n d e l e v a t e d t e m p e r a t u r e s and p r e s s u r e s . A r u b b e r - s e a t e d 
b u t t e r f l y va lve fol lows the s t e e l - s e a t e d one and a c t s as a p o s i t i v e s e a l for the 
s y s t e m . Bo th in l e t v a l v e s a r e l o c a t e d e x t e r n a l to the c e l l in the m a i n t e n a n c e 
r o o m l o c a t e d in the b a s e m e n t of the bu i ld ing . 

T h e s t e e l - s e a t e d in l e t b u t t e r f l y v a l v e h a s b e e n d e s i g n e d to w i t h s t a n d 
m o m e n t a r y p r e s s u r e i m p u l s e s of 17.4 b a r s (255 ps ig ) for a 1.7 m s d u r a t i o n 
and s u s t a i n e d p r e s s u r e s of 2.7 b a r s (40 p s i g ) . The s t e e l - s e a t e d v a l v e i s 
a l s o c a p a b l e of •withstanding a con t inuous e l e v a t e d t e m p e r a t u r e of about 
200°C (385°F) w i thou t d e t e r i o r a t i o n of the v a l v e s e a t o r body . 
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T h e r u b b e r - s e a t e d v a l v e s have b e e n d e s i g n e d to w i t h s t a n d con t inuous 
t e m p e r a t u r e s of 79°C ( l75°F) wi thou t d e t e r i o r a t i o n and l o n g - t i m e d u r a t i o n 
p r e s s u r e s of 2.7 b a r s (40 p s i g ) . T h e d e s i g n e d l e a k r a t e for th i s v a l v e is 
l e s s than about 140 l i t e r s (5 cu ft) p e r 24 h r when t h e r e is a d i f f e r e n t i a l 
p r e s s u r e of 2.6 b a r s (28 ps ig ) a c r o s s the v a l v e d i s k . 

T h e ce l l a i r is e x h a u s t e d t h r o u g h a 6 0 - c m (24 in.) d i a m e t e r p ipe 
l o c a t e d n e a r the ce i l i ng in one c o r n e r of t h e c e l l . The a i r p a s s e s t h r o u g h 
2 b u t t e r f l y v a l v e s , one s t e e l - s e a t e d and t h e s e c o n d r u b b e r - s e a t e d , and then 
t h r o u g h two b a n k s of H E P A f i l t e r s , fan, and up a 46 m s t a c k . T h e b u t t e r f l y 
v a l v e s funct ion in a s i m i l a r m a n n e r to t h o s e in the in le t duc t . The e x h a u s t 
bu t t e r f ly v a l v e s a r e l o c a t e d in the fan loft in the t h i r d s t o r y of the bu i ld ing . 
T h e b l a s t - r e s i s t a n c e c h a r a c t e r i s t i c of the s t e e l - s e a t e d e x h a u s t b u t t e r f l y 
v a l v e is l i m i t e d to m o m e n t a r y p r e s s u r e i m p u l s e s of 17 b a r s (255 p s i for 
a 1.7 m s d u r a t i o n ) . T h i s l i m i t a t i o n is due p r i m a r i l y to the v a l v e d i s k . 
T h e v a l v e i s c a p a b l e of w i t h s t a n d i n g t e m p e r a t u r e s of 200°C (385°F) wi thou t 
d e t e r i o r a t i o n of the v a l v e s e a t o r body . T h e r u b b e r - s e a t e d e x h a u s t b u t t e r f l y 
va lve has the s a m e t e m p e r a t u r e and p r e s s u r e c h a r a c t e r i s t i c s as the in le t 
r u b b e r - s e a t e d v a l v e . 

T h e a i r f r o m the ce l l a f t e r f lowing p a s t the 2 b u t t e r f l y v a l v e s e n t e r s 
a bank of h i g h - e f f i c i e n c y AEC f i l t e r s wh ich wi l l o p e r a t e up to a t e m p e r a t u r e 
of about 120°C ( 2 5 0 ° F ) . T h e s e f i l t e r s wi l l p a s s a p p r o x i m a t e l y 1700 l i t e r s / s e c 
(3500 cfm) wi th m a x i m u m gas t e n n p e r a t u r e s of about 120°C (250°F) . 

T h e 24 in. bu t t e r f l y v a l v e s in the i n l e t and e x h a u s t a i r - s u p p l y s y s t e m 
a r e c o n t r o l l e d f r o m the c o n t r o l c o n s o l e . E l e c t r i c a l l y e n e r g i z e d p n e u m a t i c 
v a l v e s c o n t r o l the pos i t i on of the bu t t e r fu ly v a l v e s by a l lowing a i r p r e s s u r e 
to a c t i v a t e t h e p i s t o n d r i v i n g the v a l v e . An a i r r e s e r v o i r i s p r o v i d e d n e a r 
the p i s t o n to m o v e i t in s u c h a d i r e c t i o n as to c l o s e the v a l v e in the even t of 
f a i l u r e of the a i r supp ly . T h e s e v a l v e s r e q u i r e e x t e r n a l a i r p r e s s u r e to 
open the v a l v e . F a i l u r e of the a i r supp ly wi th the v a l v e c l o s e d m e a n s tha t 
t he va lve would r e m a i n in the c l o s e d p o s i t i o n u n l e s s m a n u a l l y o p e n e d . 

T h e i n l e t and ou t l e t bu t t e r fu ly v a l v e s m u s t be c l o s e d in o r d e r to 
sa t i s fy one of the r e a c t o r - s t a r t u p i n t e r l o c k c o n d i t i o n s . T h i s i s a c c o m p l i s h e d 
by a c t u a t i o n of v a l v e - c o n t r o l S'witches a t the c o n s o l e . With the e x t e r n a l a i r -
supply and e x h a u s t s y s t e m shu tdown, an i n t e r n a l a i r - c o n d i t i o n i n g s y s t e m con­
s i s t i n g of h e a t e r s and coo l ing co i l s naa in ta ins t h e p r e s e t t e m p e r a t u r e . C o o l ­
ing is a c c o m p l i s h e d by c i r c u l a t i n g a r e f r i g e r a n t ( m o n o - c h l o r o d i f l u o r o m e t h a n e , 
[F reon ] ) t h r o u g h co i l s l o c a t e d in the c e l l . T h e r e f r i g e r a n t is p iped into the 
c e l l fronn c o m p r e s s o r s l o c a t e d in t h e b a s e m e n t . T h e r e f r i g e r a t i o n c a p a c i t y 
of the coo l ing s y s t e m is 15 tons (3000 B t u / m i n - - 7 . 5 x 10^ c a l / m i n h e a t -
r e m o v a l c a p a c i t y ) . H e a t i n g i s a c c o m p l i s h e d wi th the u s e of e l e c t r i c 
h e a t e r s . 
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D, Mod i f i ca t i ons 

In o r d e r to i m p r o v e the c o n t a i n m e n t c h a r a c t e r i s t i c s of the r e a c t o r 
c e l l s the follow^ing m o d i f i c a t i o n s to the r e a c t o r c e l l s have b e e n m a d e : 

1. c o n s t r u c t i o n of a s t e e l c o n f i n e m e n t s h e l l s y s t e m a r o u n d the 
r e a c t o r c e l l s ; 

2. i n s t a l l a t i o n of a s a n d f i l t e r e m e r g e n c y ven t ing s y s t e m ; 

3 . i n c r e a s e d s t o r a g e c a p a c i t y of a r g o n gas to 3.4 x 10 l i t e r s 
(120,000 ft^); 

4. i n s t a l l a t i o n of a s t e a m d r i v e n t u r b i n e g e n e r a t o r as a s t andby 
e m e r g e n c y p o w e r s o u r c e ; and 

5. c o n s t r u c t i o n of a new^ p l u t o n i u m and u r a n i u m s t o r a g e vau l t . 

Al though a n u c l e a r a c c i d e n t wh ich would r e l e a s e s u b s t a n t i a l a m o u n t s 
of p l u t o n i u m o r f i s s i o n p r o d u c t s w i th in a ce l l is c o n s i d e r e d i n c r e d i b l e , a 
backup c o n f i n e m e n t s y s t e m h a s b e e n c o n s t r u c t e d as i n s u r a n c e a g a i n s t t he 
r e l e a s e of r a d i o a c t i v e p a r t i c u l a t e l e a k i n g to the a t m o s p h e r e f r o m the c e l l . 
T h e c o n f i n e m e n t sys tenn c o n s i s t s of a s t e e l s h e l l a r o u n d the e x t e r i o r of the 
s o u t h e r n p o r t i o n of Bu i ld ing 316-W, and the c r e a t i o n of t h r e e d i f f e ren t s t a t i c 
p r e s s u r e zones i n s i d e the bu i ld ing in a r e a s a d j a c e n t to the r e a c t o r c e l l s . 
T h e a r e a s a d j a c e n t to t h e r e a c t o r c e l l s a r e m a i n t a i n e d a t a n e g a t i v e p r e s ­
s u r e by s p e c i a l fans as shown in F i g , VI -7 the flow d i a g r a m for bu i ld ing 
supply and e x h a u s t s y s t e m s in o r d e r to p r e v e n t l e a k a g e of any p a r t i c u l a t e 
m a t t e r to the a t m o s p h e r e . T h e a i r f r o m t h e s e n e g a t i v e p r e s s u r e a r e a s is 
e x h a u s t e d t h r o u g h double b a n k s of h igh ef f ic iency a b s o l u t e (HEPA) f i l t e r s 
and up a 46 m (150 ft) s t a c k . 

An e m e r g e n c y ven t ing s y s t e m t h r o u g h a s e t of s and f i l t e r s and H E P A 
f i l t e r s is p r o v i d e d as an i n s u r a n c e a g a i n s t any long t e r m bui ldup of p r e s s u r e 
in the c e l l s . T h e a m o u n t of a r g o n gas s t o r e d o u t s i d e of the c e l l s has b e e n 
doub led to 3.4 x 10 l i t e r s (120,000 ft^) in o r d e r to be a b l e to b r i n g t h e oxygen 
c o n t e n t in t h e ce l l down to about 1% in the event t h e r e is a m e t a l f i r e in a c e l l , 

A s t e a m d r i v e n t u r b i n e g e n e r a t o r of 250 kW c a p a c i t y h a s been i n ­
s t a l l e d as a s o u r c e of e m e r g e n c y p o w e r in t h e even t tha t the n o r m a l p o w e r 
s o u r c e i s l o s t . T h e e m e r g e n c y g e n e r a t o r h a s b e e n i n s t a l l e d in o r d e r to 
i n s u r e t h a t a d e q u a t e pow^er is a v a i l a b l e for r e a c t o r i n s t r u m e n t a t i o n and 
c o n t r o l s and the o p e r a t i o n of the e x h a u s t fans n e c e s s a r y to m a i n t a i n the 
r e q u i r e d n e g a t i v e p r e s s u r e s in the v a r i o u s p a r t s of the c o n f i n e m e n t s y s t e m . 
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1. C o n f i n e m e n t S y s t e m 

A c o n f i n e m e n t s h e l l a s shown in F i g . V I - 8 which e n c l o s e s the 
s o u t h p o r t i o n of Bu i ld ing 316-W, both r e a c t o r c e l l s , l oad ing dock, ex i s t i ng 
vau l t , new v a u l t and the s a n d f i l t e r s and H E P A f i l t e r s for the e m e r g e n c y 
ven t ing s y s t e m h a s b e e n c o n s t r u c t e d . 

T h e s t e e l s h e l l is c o n s t r u c t e d of p l a t e s t e e l 0.47 c m ( 3 / 1 6 in.) 
t h i c k w e l d e d on a s t r u c t u r a l s t e e l f r a m e wh ich i s s u p p o r t e d on e x i s t i n g 
bu i ld ing c o l u m n s and on new foo t ings . T h e s h e l l i s e n t i r e l y f r e e of t h e ce l l s 
and the s t e e l p l a t e ex tends be low g r a d e . 

T h e s t e e l s h e l l wh ich e n c l o s e s the r e a c t o r c e l l s has been d e s i g n e d 
to w i t h s t a n d the fo l lowing n a t u r a l p h e n o m e n a : 

Snow Load 3 0 Ib/ft^ on roof 
Wind Load 30 Ib/f t^ on v e r t i c a l s u r f a c e s 

( C o r r e s p o n d i n g to ef fect ive wind v e l o c i t i e s of abou t 177 k m / h r [ l l O mph]) 

E x h a u s t D i f f e r e n t i a l L o a d 5 Ib/ft^ on a l l s u r f a c e s 
T o t a l Load 3 5 Ib/f t^ on a l l s u r f a c e s 

T h e c o n f i n e m e n t s h e l l is a l s o d e s i g n e d to m a i n t a i n s t r u c t u r a l 
i n t e g r i t y u n d e r n o r m a l r a p i d l y v a r y i n g a t m o s p h e r i c p r e s s u r e s . T h e she l l 
is s e a l e d to the e x i s t i n g bu i ld ing s u r f a c e s e x c e p t the p o r t i o n s be low g r a d e . 
All of the p e r s o n n e l d o o r s which p r o v i d e a c c e s s to the s h e l l v o l u m e a r e a i r 
l ock type d o o r s so tha t p e r s o n n e l m a y e n t e r the c o n f i n e m e n t s h e l l wi thout 
l o s s of a i r p r e s s u r e . T h e r e wi l l be a f r e i g h t e n t r a n c e on the w e s t s i d e of the 
bu i ld ing which wi l l be n o r m a l l y c l o s e d and a l a r m e d . 

T h e s t e e l s h e l l p r o v i d e s a v e n t i l a t e d a i r s p a c e of about 1.2 m e t e r s 
(40 in.) b e t w e e n the s h e l l and the ex i s t i ng c e l l s and vau l t as shown in the 
v e r t i c a l p l an v i e w s of F i g s . VI -9 and V I - 1 0 . T h i s s p a c e i s m a i n t a i n e d a t a 
p r e s s u r e of about 0.994 b a r s ( -2 .5 in . of w a t e r ) wi th r e s p e c t to the a t m o s ­
p h e r e d u r i n g r e a c t o r o p e r a t i o n by e x h a u s t i n g the a i r i n s i d e the s h e l l t h r o u g h 
two s e t s of H E P A f i l t e r s and up a 46 m (150 ft) s t a c k . By m a i n t a i n i n g a 
0 .994 b a r s ( -2 .5 of w a t e r ) p r e s s u r e i n s i d e the s h e l l i t wi l l be p o s s i b l e to 
h a v e a t l e a s t 0 .998 b a r s ( -1 .0 in . of w a t e r ) b e t w e e n the a t m o s p h e r e and the 
s h e l l v o l u m e as long as the wind v e l o c i t y on the o u t s i d e s u r f a c e does not 
e x c e e d 62 m p h . An a i r s p a c e has b e e n e n c l o s e d b e t w e e n the top s u r f a c e of 
the she l l and a new roof. L o u v e r s a r e i n s t a l l e d in a l l four w a l l s of th i s a i r 
s p a c e in o r d e r to r e d u c e the effect of any n e g a t i v e p r e s s u r e s due to wind 
v e l o c i t y on the s h e l l roof. 
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A m o d u l a t i n g c o n t r o l d a m p e r l o c a t e d in the s h e l l i n l e t s y s t e m 
is u s e d to v a r y the e x h a u s t flow in o r d e r to m a i n t a i n the 0.994 b a r s ( -2 ,5 in , 
of w a t e r ) p r e s s u r e in the s h e l l v o l u m e due to a t m o s p h e r i c p r e s s u r e c h a n g e s 
o r c h a n g e s in t h e l e a k a g e r a t e in to the s h e l l v o l u m e . T h e c o n f i n e m e n t s h e l l 
e x h a u s t s y s t e m u t i l i z e s a fan hav ing a 1400 l i t e r s / s e c (3000 cfm) c a p a c i t y 
to m a i n t a i n the n e g a t i v e p r e s s u r e as shown in the flow d i a g r a m F i g . V I - 7 . 
In add i t ion to the n o r m a l duty fan, a s t andby fan hav ing the s a m e c a p a c i t y 
has b e e n i n s t a l l e d . T h e s t andby fan c o m e s into o p e r a t i o n when the p r e s s u r e 
wi th in the s h e l l s t a r t s to i n c r e a s e above a p r e s e t v a l u e due to e i t h e r a b ­
n o r m a l cond i t i ons of the n o r m a l fan, s u d d e n c h a n g e s in the l e a k a g e r a t e into 
the s h e l l v o l u m e , o r r a p i d c h a n g e s in the a t m o s p h e r i c p r e s s u r e . With both 
fans in o p e r a t i o n t h e r e is an e x h a u s t c a p a b i l i t y of 2800 l i t e r s / s e c (6000 cfm). 
It i s e s t i m a t e d t h a t the l e a k a g e into the s h e l l v o l u m e f r o m l e a k s in the 
s e a l a n t b e t w e e n t h e s h e l l and m a s o n r y c o n s t r u c t i o n wi l l not e x c e e d about 
240 l i t e r s / s e c (500 c fm) . With only one fan in o p e r a t i o n t h e r e is thus about 
a f a c t o r of 6 a d d i t i o n a l fan c a p a c i t y to m a i n t a i n the c o r r e c t n e g a t i v e p r e s s u r e 
in the s h e l l v o l u m e . 

S ince the s h e l l does not fully e n c l o s e the r e a c t o r ce l l , a s t e e l 
w a l l is p r o v i d e d in the p e n t h o u s e , s e c o n d f loor office and l a b o r a t o r y a r e a 
which i s o l a t e s the r e a c t o r c e l l s f r o m the r e s t of Bu i ld ing 316-W a r e a . T h e 
v o l u m e e n c l o s e d by the s t e e l w a l l s and r e a c t o r w a l l s is d i r e c t l y c o n n e c t e d 
to the v o l u m e of the c o n f i n e m e n t s h e l l and kep t at a 0.994 b a r s ( -2 .5 in . of 
w a t e r ) p r e s s u r e . The zones a d j a c e n t to the r e a c t o r c e l l s on the f i r s t f loor 
wh ich con ta in the c o n t r o l r o o m , w o r k r o o m , vau l t , fan r o o m in the p e n t h o u s e , 
and the s e r v i c e f loor wi l l be kep t at 0.9997 b a r s ( -0 .1 in. of w a t e r ) n e g a t i v e 
p r e s s u r e wi th r e s p e c t to t h e a t m o s p h e r e . T h e s e a r e a s a r e c o n s i d e r e d s u s ­
p e c t a r e a s and the a i r f r o m t h e s e zones wi l l be e x h a u s t e d t h r o u g h two banks 
of H E P A f i l t e r s and wi l l be d i s c h a r g e d up the 46 m s t a c k . The d i f fe ren t 
s t a t i c p r e s s u r e zones in Bu i ld ing 316-W a r e shown in F i g s . V I - 1 1 - 1 4 . T h e s e 
a r e a s a r e p r o t e c t e d in a l l c a s e s f r o m e x p o s u r e to o u t s i d e w a l l s s u b j e c t to 
n e g a t i v e wind p r e s s u r e by an o u t e r zone o r buffer zone . F o r the m o s t p a r t 
th i s is f o r m e d by the r e m a i n i n g bu i ld ing a r e a s , but in a few c a s e s a new 
buffer zone has been c o n s t r u c t e d wi th suf f ic ien t open ings f r o m it to the 
e x i s t i n g o u t e r zone to a s s u r e the s a m e p r e s s u r e . T h e p r e s s u r e s in the 
s u s p e c t a r e a s a d j a c e n t to the ce l l i s m a i n t a i n e d at a s t a t i c p r e s s u r e of at 
l e a s t 0.9997 b a r s ( -0 .1 in . w a t e r ) l o w e r t han the p r e s s u r e in the buffer 
zone . T h e f luc ta t ion in o u t e r zone p r e s s u r e s r e l a t i v e to a t m o s p h e r i c wi l l 
be r e d u c e d by adding a s t a t i c p r e s s u r e c o n t r o l l e d d a m p e r in the m a j o r e x ­
h a u s t s y s t e m s e r v i n g th i s z o n e . T h i s wi l l f a c i l i t a t e the p r e s s u r e c o n t r o l 
of the s u s p e c t a r e a s . 

F o r c o n v e n i e n c e of c o n s t r u c t i o n , the a r e a south of the ce l l s at 
t h e b a s e m e n t l e v e l as shown in F i g . VI -11 is m a i n t a i n e d at the s a m e n e g a ­
t ive p r e s s u r e as the e x t e r i o r s h e l l z o n e . A s t e e l p a r t i t i o n be tween the c e l l s 
i s o l a t e s th is a r e a f r o m the r e s t of the b a s e m e n t . The sou th vau l t wa l l s 
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f o r m s p a r t of the i n t e r i o r wa l l of the low p r e s s u r e s h e l l zone on the f i r s t 
and s e c o n d f l o o r s , A new s t e e l p a r t i t i o n b e t w e e n the c e l l s a t t he sou th end 
of the p e n t h o u s e a s shown in F i g . V I - 1 4 f o r m s p a r t of the i n t e r i o r wa l l of 
the low p r e s s u r e s h e l l zone a t the p e n t h o u s e l e v e l . 

In t h e b a s e m e n t . M e c h a n i c a l R o o m No. 1 i s d e s i g n a t e d a s a 
s u s p e c t a r e a s i n c e i t is a d j a c e n t to the c e l l s , A p a r t of th i s r o o m s u r r o u n d ­
ing the bu i ld ing a i r cond i t ion ing un i t is p a r t i t i o n e d off and inc luded in the 
buffer zone . T h i s is n e c e s s a r y to p r e v e n t i n - l e a k a g e of s u s p e c t a i r into the 
uni t w^hich s u p p l i e s a i r to both s u s p e c t zone a r e a s and buffer zone a r e a s . 
T h e uni t which v e n t i l a t e s the b a s e m e n t is a l s o i n c l u d e d wi th in th i s a r ea -wh ich 
is p a r t i t i o n e d off. Suff ic ient a i r f r o m th i s uni t is s u p p l i e d wi th in the a r e a to 
m a i n t a i n i t s i n t e g r i t y as p a r t of the buffer zone . 

All of the H E P A f i l t e r s and sand f i l t e r s a r e l o c a t e d in e i t h e r a 
s u s p e c t a r e a o r wi th in the e x t e n s i o n of the c o n f i n e m e n t s h e l l o v e r the new 
vau l t . T h e l o c a t i o n wi th in the s h e l l of the H E P A f i l t e r s for the ce l l e m e r ­
gency ven t ing and p u r g i n g s y s t e m , p r o v i d e s a d d i t i o n a l p r o t e c t i o n in c a s e of 
the e x t r e m e l y r e m o t e p o s s i b i l i t y of o v e r p r e s s u r e wi th in th i s s y s t e m c a u s ­
ing an o u t - l e a k a g e of u n f i l t e r e d and con tana ina ted a i r . Doub le banks of 
H E P A f i l t e r s (two in s e r i e s ) a r e u s e d in a l l s u s p e c t e x h a u s t s y s t e m s in 
o r d e r to i n c r e a s e the a t t e n u a t i o n f a c t o r for r e m o v a l of p a r t i c u l a t e f r o m the 
e x h a u s t . T h e s e c o n d f i l t e r a l s o s e r v e s as a b a c k u p f i l t e r in the even t t ha t 
t he p r i m a r y f i l t e r is d a m a g e d in the even t of s o m e u n f o r e s e e n even t . 

In o r d e r to i n s u r e tha t t he p r o p e r n e g a t i v e p r e s s u r e s a r e m a i n ­
t a i n e d d u r i n g o p e r a t i o n of the fac i l i ty , s e c o n d a r y s t andby fans a r e i n c o r p o ­
r a t e d in the e x h a u s t s y s t e m s of the r e a c t o r c e l l s , c o n f i n e m e n t s h e l l v o l u m e , 
w o r k r o o m , vau l t , b a s e m e n t nnechan ica l r o o m (Mech . R m . No. l ) , P e n t h o u s e 
m e c h a n i c a l r o o m (Mech . R m . No. 3), vau l t m e c h a n i c a l r o o m (Mech. R m . 
No. 4), and the c e n t r a l s u s p e c t e x h a u s t l ine to the s t a c k as shown in 
F i g . V I - 7 , In add i t i on to the r e d u n d a n c y of f ans , d i r e c t d r i v e fans a r e 
u s e d in o r d e r to i n c r e a s e r e l i a b i l i t y of the e x h a u s t s y s t e m s . As a f u r t h e r 
p r e c a u t i o n , m o t o r c o n t r o l c e n t e r s for t h e n o r m a l fans a r e s e p a r a t e d f r o m 
the m o t o r c o n t r o l c e n t e r for the s t andby f a n s . E m e r g e n c y p o w e r f r o m the 
e m e r g e n c y s t e a m d r i v e n t u r b i n e g e n e r a t o r i s a v a i l a b l e to the fans in t h e s e 
e x h a u s t s y s t e m s in t h e even t of a p o w e r f a i l u r e . 

2 , E m e r g e n c y E x h a u s t S y s t e m 

An ennergency h igh t e m p e r a t u r e e x h a u s t s y s t e m wh ich is a 
s p e c i a l p a r t of the v e n t i l a t i o n s y s t e m has b e e n c o n s t r u c t e d and i n s t a l l e d for 
u s e by both r e a c t o r c e l l s . T h e e m e r g e n c y e x h a u s t s y s t e m h a s b e e n d e s i g n e d 
to r a p i d l y r e l i e v e p r e s s u r e s bu i l t up in the ce l l s due to a r ap id m e t a l f i r e . 
A s c h e m a t i c d i a g r a m of the s y s t e m is shown in F i g . V I - 6 , F i g u r e s V I - 1 5 
and VI -16 show the p l an and e l e v a t i o n v i ew of the s y s t e m . As the d i a g r a m 
i n d i c a t e s , i t c o n s i s t s of a 24 in . d i a m e t e r e x h a u s t p ipe wh ich b y p a s s e s the 
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n o r m a l e x h a u s t s y s t e m and is c o n n e c t e d to s and f i l t e r s and a double bank 
of H E P A f i l t e r s . The c h e c k v a l v e s , s a n d f i l t e r s , two banks of H E P A f i l t e r s 
and the 46 m (150 ft) s t a c k a r e a l s o a p a r t of the e m e r g e n c y e x h a u s t s y s t e m . 

T h e c h e c k va lve is a o n e - w a y s p r i n g loaded , s i l i con r u b b e r -
s e a t e d va lve as shown in F i g . VI-17 which a l lows g a s e s to flow only in one 
d i r e c t i o n and a r e suf f ic ien t ly l e a k - t i g h t so t h e r e is l i t t l e backf low. T h e 
p u r p o s e of the check va lve is to a l low r a p i d ven t ing to the sand f i l t e r but 
a l s o to p r e v e n t any c o n t a m i n a t e d gas flo-w into the o t h e r c e l l . It is a s s u m e d 
tha t t he n e e d fo r t h e u s e of the e m e r g e n c y ven t ing sys t ena would not o c c u r 
s i m u l t a n e o u s l y f r o m both r e a c t o r c e l l s . T h e c h e c k v a l v e s a r e (Mis s ion 
Va lve C o m p a n y , Mode l No. 15SSSCIC-246) r a t e d at 50 p s i g s e r v i c e a t 260°C 
(500°F) m a x i m u m . They h a v e a 150 lb USASI r a i s e d face f langes wi th A S T M -
A216 WCB s t e e l body, p l a t e s and s t o p s . T h e y u t i l i z e 316 s t a i n l e s s s t e e l 
p i n s ; I ncone l X - s p r i n g s and s i l i c o n r u b b e r s e a t s . T h e y have m i n i m u m t o r q u e 
s p r i n g s wh ich r e q u i r e 1.3 in, of w a t e r d i f f e r e n t i a l p r e s s u r e a c r o s s the va lve 
to open fully. T e s t s h a v e i n d i c a t e d tha t t he v a l v e s wi l l beg in to open at a 
p r e s s u r e d i f f e r e n t i a l in the n o r m a l d i r e c t i o n wi th as l i t t l e as about 0,2 in, 
of w a t e r . T h e v a l v e s -were s p e c i f i e d to s e a l bubble t igh t a g a i n s t r e v e r s e flow 
with d i f f e r e n t i a l p r e s s u r e s a c r o s s the v a l v e f r o m 2 p s i to 27 p s i . In t e s t s 
t he v a l v e s would c l o s e bubble t ight a g a i n s t b a c k flow wi th as l i t t l e as about 
6 in . of w a t e r d i f f e r e n t i a l p r e s s u r e . 

Two l a r g e s and f i l t e r s as shown in F i g . V I - 1 8 have been con ­
s t r u c t e d and i n s t a l l e d as a p a r t of the e m e r g e n c y ven t ing s y s t e m . T h e sand 
f i l t e r s have a 3.6 m (12 ft) d i a m e t e r and a r e c o m p o s e d of s u c c e e d i n g f iner 
m e s h a g g r e g a t e - 1 . 8 m in dep th fol lowed by a 75 c m (30 in.) t h i ck l a y e r of 
20 to 50 m e s h s a n d . T h e p u r p o s e of the s and f i l t e r s is to a c t as a hea t s ink 
for hot g a s e s as we l l a s to r e m o v e p a r t i c u l a t e m a t t e r . T h e sand f i l t e r s 
have a v e r y l a r g e h e a t c a p a c i t y in o r d e r to hand l e l a r g e v o l u m e s of h igh 
t e m p e r a t u r e g a s e s . T h e r e is a p p r o x i m a t e l y 148 tons of s and and g r a v e l in 
the two f i l t e r s . A s s u m i n g a spec i f i c h e a t of 0.2 c a l s / g m / ° C t h e r e is a h e a t 
c a p a c i t y of about 2.6 x 10^ c a l s / ° C in the s a n d . As shown in F i g . V I - 1 5 , t h e r e 
a r e two 12 ft d i a m e t e r s and f i l t e r s in p a r a l l e l . E a c h s and f i l t e r has b e e n 
d e s i g n e d to hand l e about 7100 l i t e r s p e r s e c o n d (15,000 cfm) of a i r wi th a 
p r e s s u r e d r o p of 0.7 b a r s (10 p s i ) . T h e m a x i m u m flow c a p a c i t y for the two 
s and f i l t e r s is thus about 14,000 l i t e r s p e r s e c o n d o r 30,000 cfm with a 
0,7 b a r s (10 ps i ) p r e s s u r e d r o p . T h e d e s i g n of the sand f i l t e r w a s b a s e d 
on flow t e s t s of a 75 c m (29 in.) t h i ck s and f i l t e r w h o s e r e s u l t s a r e shown 
in F i g . V I - 1 9 . 

A t t e n u a t i o n t e s t s as d e s c r i b e d in Append ix B us ing s a m p l e s of 
s and u s e d in the f i l t e r have shown tha t a t t e n u a t i o n of b e t w e e n 10^ and 10 
for p a r t i c l e s in to 0 .02 -0 .06 m i c r o n r a n g e and h i g h e r for l a r g e r s i z e s e x i s t s 
a t flo-w v e l o c i t i e s up to 10 m e t e r s p e r s e c o n d (200 ft p e r m i n u t e ) . M a x i m u m 
p e n e t r a t i o n s a p p e a r to o c c u r a t t he h i g h e r flow v e l o c i t i e s . In add i t ion to the 
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s and f i l t e r s , t h e r e a r e two b a n k s of h igh ef f ic iency H E P A f i l t e r s in the 
e m e r g e n c y e x h a u s t s y s t e m to a c t as a b a c k u p for r e m o v i n g fine p a r t i c u l a t e 
m a t t e r wh ich m i g h t not have b e e n r e m o v e d by the s and f i l t e r . M e a s u r e m e n t s 
of a t t e n u a t i o n of t y p i c a l f i l t e r s and one s e t of A E C f i l t e r s in s e r i e s u s ing 
d i o c t y l p h t h a l a t e (DOP) as a e r o s o l as w e l l a s fumes of u r a n i u m and p l u t o n i u m 
have shown tha t a t t e n u a t i o n f a c t o r s abou t 10 and h i g h e r a r e a c h i e v e d for 
3 0 in . of s a n d fol lowed by A E C type f i l t e r s . With an add i t i ona l H E P A f i l t e r 
bank, i t is e s t i m a t e d t h a t t he f i l t e r s y s t e m would have d e c o n t a m i n a t i o n 
f a c t o r s of b e t w e e n 10 and 10*. In the e m e r g e n c y e x h a u s t s y s t e m , t h e r e i s 
h o w e v e r no a t t e m p t to r e m o v e nob le g a s e s o r v o l a t i l e r a d i o i o d i n e . 

C a l c u l a t i o n s have i n d i c a t e d tha t i n i t i a l h e a t r e l e a s e s as high a s 
•7 

about 1.3 X 10 c a l o r i e s p e r s e c o n d w i th m a x i m u m p r e s s u r e bu i ldup of 
about 20 p s i g can be h a n d l e d by the ce l l wi th the u s e of an e m e r g e n c y e x ­
h a u s t sys tenn . 

3. A r g o n P u r g e S y s t e m 

In o r d e r to have a m e t h o d for e x t i n g u i s h i n g m e t a l f i r e s , a 3.4 x 
10 l i t e r supply of a r g o n gas in high p r e s s u r e d t a n k s is s t o r e d o u t s i d e of the 
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r eac to r facility for use in displacing the oxygen in the cell . High p r e s s u r e 
tanks which s tore the argon gas a r e connected in para l le l to a manifold. 
The gas is piped in the manifold to the r eac to r cell walls in a single 4 in. 
pipe. The schemat ic d iagram of the argon purge sys tem is shown in 
F ig . VI-2 0. Table VI-2 l i s t s the function and location of the valves and 
p r e s s u r e switches shown in Fig . VI-20. The argon gas is piped through 
the r eac to r cell walls in two 2 in. d i ame te r p ipes . F e e d e r lines from the 
2 in, pipes in the cell wall dis t r ibuted the gas around the reac to r . The 
argon gas may be introduced into the r eac to r cel l by an opera tor at the 
control console. This is accomplished by opening the main valve which 
is an e lec t r ica l ly controlled pneumatical ly operated valve with a switch 
on the control console. A second switch must be opened to insure that 
the gas goes into the p roper r eac to r cell . All valves in the argon purge 
sys tem a re operable manually as well as e lec t r ica l ly . 

The purpose of the argon sys tem is to dec rea se the available 
oxygen content of the cell rapidly in o rde r to nninimize the combustion of 
such meta ls as uranium, plutonium, or sodium. The introduction of 3.4 x 
10 l i t e r s (120,000 cu ft) of argon gas into a cell would dec rea se the oxygen 
level from about 2 0% to 1% which is below the levels for which a self-
sustaining meta l fire can exist . The argon gas can be introduced into this 
cell at an initial flowrate of about 36,000 cfm and an average ra te of about 
6000 cfm so that it -would be possible to d e c r e a s e the oxygen content to 
about 1% in about 2 0 minutes . The argon gas would be introduced in the 
cell if a metal fire occurs which is sufficiently la rge so that it cannot be 
put out by conventional M E T - L - X type fire ext inguishers . 

4. Emergency Power Source 

An auxil iary s team driven turbine genera tor which will provide 
250 kW e lec t r i ca l power for r eac to r control ins t rumentat ion, exhaust fans, 
and a i r c o m p r e s s o r in the event of a power failure has been installed in 
Building 316-W. The rep lacement of the existing diesel genera tor by a 
s t eam driven turbine genera tor inc reases the rel iabil i ty of the emergency 
power source . The s t eam for the s team turbine is provided by the 
Labora to ry ' s s t eam plant l ines . Inter locks a r e provided so that the reac to r s 
a re operable only when the available s t eam p r e s s u r e for the turbine is above 
p r e se t values. The turbine genera tor will provide power within about 
20 seconds of a power fai lure. The Labora tory s team plant also has auxil­
iary e lec t r i ca l power genera tors which will maintain s team p r e s s u r e even 
if the re is a lengthy power fai lure. 

The purpose of the emergency power source is to have avai l ­
able an a l te rna te source of power for the exhaust fans in o rde r to maintain 
a negative p r e s s u r e in the confinement shell volume as well as to provide 
a i r p r e s s u r e to operate the inlet and exhaust valves for the ce l l s . A l i s t 
of all components which a re connected to the emergency power source is 
given in Table VI-3 . 
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Table VI-2 

ARGON PURGE SYSTEM COMPONENTS 

Item Type Function Monitor Control 

P - 1 P r e s s u r e Monitors tank p re s su re 
Switch 

P -2 P r e s s u r e Monitors p re s su res m lines 
Switch to reactor cells 

V - 1 

V-2 

V - 3 

2 in Ball 
Shut-off 
Valve and 
Operator 

2 m Ball 
Shut-off 
Valve and 
Operator 

2 m. Ball 
Shut-off 
Valve and 
Operator 

Normally c losed- - re l eases 
argon gas into reactor cell 
on demand 

Normally c losed- - re leases 
argon gas to ZPR-9 cell 
when opened on demand 

Normally c losed- - re l eases 
argon gas to ZPR-6 cell 
when opened on demand 

Equipment room 
(gauge) 
ZPR-6 and -9 
control rooms 
(indicator light) 

ZPR-6 and -9 
control rooms 
(indicator light) 

ZPR-6 and -9 
control rooms, 
emergency 
surveil lance room, 
equipment room 

ZPR-9 control room, 
emergency 
surveillance room, 
basement 

ZPR-6 control room, 
emergency 
surveil lance room, 
basennent 

Equipment room 

Equipment room 

ZPR-6 and -9 
control rooms, 
emergency 
surveillance room, 
equipment room 

ZPR-9 control room, 
emergency 
surveillance room, 
basement 

ZPR-6 control room, 
emergency 
surveillance room, 
basement 

Table VI-3 

COMPONENTS CONNECTED TO 
EMERGENCY POWER SOURCE 

1. Operating Nuclear Instrumentation for ZPR-6 and -9 

2. Cell TV Monitoring Systems 

3 Cell Air Conditioning Control System 

4. Cell Air Supply Valves 

5. Cell Air Exhaust Valves 

6 Argon Gas Purge System Valves 

7 Exhaust Fans for 

a Confinement Shell 
b Vault 
c Workroom 
d Service Floor 
e Penthouse 
f Control Rooms 
g Central Suspect Air System 

8 Building Air Compressors 

9. Two Light Outlets m Each Reactor Cell and Each Control Room 

10 Cell Vacuum Pumps for Alpha Monitors 

11 Central Vacuum System Pumps 

12 Emergency Surveillance Station Equipment 



E, E m e r g e n c y S u r v e i l l a n c e S ta t ion 

In o r d e r to fulfill t he c r i t e r i o n 11 of the A E C G e n e r a l D e s i g n C r i t e r i a 
for N u c l e a r P o w e r P l a n t C o n s t r u c t i o n P e r m i t s t ha t c o n t r o l s for t h e e n g i ­
n e e r e d s a f e g u a r d s m u s t be a c c e s s i b l e even in the even t of a s e v e r e n u c l e a r 
a c c i d e n t an E m e r g e n c y S u r v e i l l a n c e (ES) s t a t i o n h a s b e e n e s t a b l i s h e d . T h i s 
s t a t i o n i s l o c a t e d o u t s i d e of t h e n e g a t i v e p r e s s u r e a r e a s d e s c r i b e d in 
C h a p t e r VI in the s o u t h w e s t c o r n e r of C e l l 6 as shown in F i g . V I - 3 . T h e 
p u r p o s e of th i s s t a t i o n is to p r o v i d e a l o c a t i o n for the r e a c t o r o p e r a t o r s 
to o b s e r v e t h e c o n t r o l c o n s o l e i n s t r u m e n t a t i o n and to o p e r a t e the ce l l 
v e n t i l a t i o n c o n t r o l s o r the a r g o n p u r g e s y s t e m in t h e even t i t i s n e c e s s a r y 
to e v a c u a t e the c o n t r o l r o o m s . 

In the ES S ta t i on a r e l o c a t e d TV m o n i t o r s so t h a t i t i s p o s s i b l e to 
o b s e r v e both Z P R - 6 and -9 r e a c t o r c e l l s and t h e i r r e s p e c t i v e c o n t r o l r o o m s . 
T h e TV c a m e r a s l o c a t e d in the c o n t r o l r o o m s a r e p o s i t i o n e d so tha t a l l of 
i n s t r u m e n t a t i o n inc lud ing t h e d i a l s and a n n u n c i a t o r p a n e l s a r e o b s e r v a b l e 
and r e a d a b l e . S c r a m bu t tons wh ich a c t u a t e s c r a m o p e r a t i o n for e a c h of the 
r e a c t o r s , r e m o t e c o n t r o l s for e a c h of the ce l l v e n t i l a t i o n s y s t e m (fans , 
v a l v e s , e t c . ) , and c o n t r o l s for the a r g o n gas p u r g e s y s t e m a r e l o c a t e d in 
the ES S ta t ion . One n e u t r o n d e t e c t i n g c h a n n e l f r o m e a c h of the r e a c t o r c e l l s 
is a l s o l o c a t e d in the ES S ta t ion . 

F . T i m e - o f - F l i g h t E x p e r i m e n t 

T h e s p e c t r u m m e a s u r e m e n t s by t i m e - o f - f l i g h t t e c h n i q u e s in Z P R - 6 
wi l l r e q u i r e two 5 in. d i a m e t e r b e a m h o l e s p e n e t r a t i n g the ce l l c o n c r e t e con -
ta innaent s t r u c t u r e and the c o n f i n e m e n t s h e l l . P u l s e s of p r o t o n s o r d e u t e r o n s 
wi l l be d u c t e d t h r o u g h t h e hole in the w e s t wa l l to a t a r g e t in the c e n t e r of 
the a s s e m b l y and n e u t r o n s w h o s e f l ight t i m e o v e r a f ixed pa th l eng th is to 
be m e a s u r e d w i l l be d u c t e d out of t h e ce l l t h r o u g h the ho le in the sou th w a l l . 
Both p e n e t r a t i o n s a r e to be naade by c o r e b o r i n g t h r o u g h the e x i s t i n g con­
c r e t e w a l l s . T h e p e n e t r a t i o n s and a s s o c i a t e d equipmient a r e d e s i g n e d to 
•withstand n a o m e n t a r y o v e r p r e s s u r e s of 250 p s i g for a p e r i o d of abou t 
3 m s e c and s t a t i c o v e r p r e s s u r e s of 50 p s i g . 

1. T i m e - o f - F l i g h t T u b e 

As fa r as p o s s i b l e and p r a c t i c a l , the bulk of the n e u t r o n fl ight 
p a t h w i l l be e v a c u a t e d to a p p r o x i m a t e l y 1 m m of m e r c u r y o r b e t t e r . T h a t 
p a r t of the pa th which i s i n s i d e of the r e a c t o r c e l l wi l l c o n s i s t of s h o r t 
s e c t i o n s of e v a c u a t e d tubes hav ing end windows of 0.007 5 in. M y l a r . T h e i r 
l e n g t h h a s b e e n c h o s e n so t h a t t h e s e c t i o n s can fit b e t w e e n the m a t r i x and 
the m o u n t i n g p l a t e and b e t w e e n the m o u n t i n g p l a t e and the w a l l wi th a 
m i n i m u m a m o u n t of effor t and m a x i m u m f lex ib i l i ty . A 4 to 6 in . a i r gap is 
p r o v i d e d n e a r the w a l l for i n s e r t i o n of n e u t r o n b e a m f i l t e r s . T h e fl ight 
tube f r o m the o u t s i d e of the ce l l w a l l to i t s t e r m i n a t i o n a t 100 m as shown 
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in Fig , VI-21 will be welded s tee l pipe which will maintain its integrity under 
both vacuuna conditions and 50 psig o v e r p r e s s u r e at 800°F. The f i r s t 67 ft 
of the flight tube will be 12 in. d iamete r pipe while the remaining 261 ft will 
consist of 24 in. pipe. Col l imators which define the geometry of the neutron 
beam, will be located at 3-|, SZj and 262-| ft from the cell wall. Each of the 
col l imators will be 4 ft long and fit inside the pipe. Sections of the pipe near 
the col l imators will be removable in o rde r to facil i tate smal l adjustments in 
col l imator locat ions. 

Fifteen ft long by 10 ft wide detec tor stat ions will be located 
at 50 and 100 m from the ex te r io r cell wall . A shor t section of the flight 
tube through these stations will be removable . F o r the initial measu remen t s 
an 18 in. square by 5 in. thick plast ic sc in t i l la tor will be used as a neutron de ­
tec tor and will be totally contained within a s tee l box which t e rmina tes the 
flight tube at e i ther the 50 or 100 m posit ion. One of the two vacuum pumps 
for evacuating the flight tube will be located in the 50 m station while the 
second will be inside the cell to evacuate the portion of the flight tube within 
the cell . 

2. Valves 

Shock a r r e s t i ng , normal ly closed valves will be provided for 
each of the two cell pene t ra t ions . One will be located immediately adjacent 
to the inside surface of the cell wall and the other between the s teel contain­
ment shel l and the concrete cell wall for the t ime-of-f l ight tube. Both 
valves will be of the normal ly closed type which can be operated remote ly . 
In the closed position the valves will maintain integri ty against a 2 50 psi 
b las t loading of 3 m s e c durat ion. The valve does not have to operate under 
these conditions and may be damaged but will maintain its integri ty . Under 
no rma l conditions the valve will close in approximately 1/2 to 1 second 
e i ther under manual control or when the p r e s s u r e in the flight tube exceeds 
50 jU. All valves will r e v e r t to thei r closed posit ion upon detection of the 
t empe ra tu r e above 12 0°F or a p r e s s u r e above 0.5 psig in the cell . The valve 
w^ill a lso maintain its integri ty against e i ther a posit ive s ta t ic p r e s s u r e of 
50 psi at 800°F or a negative p r e s s u r e (vacuum) of 15 psi in the tube. 
Damage to the sea l under such conditions can be to lera ted provided leak 
t ightness is maintained. 

The 5 in. penetra t ions of the cell wall will be as shown in 
F ig . VI-22. This design insures against any change in the original s t ruc tu ra l 
and s t rength designs of the cell . It a lso provides an a i r tight penetrat ion. 

3. P ro ton T r a n s p o r t Tube 

Short bu r s t s of protons or deuterons generated by the posit ive 
ion acce le ra to r will be t r anspor ted through a 4 in. s ta in less s teel pipe ex­
tending from the acce l e r a to r analyzing magnet to the center of the r eac to r . 
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Steering and focusing of the beam w^ill be accomplished by bending magnets 
and quadrupole lenses located in the space between the outside shell of the 
r eac to r cell and the fast neutron genera tor building. Cell penetra t ion for 
the source beam will be identical to that for the neutron t ime-of-f l ight tube 
pene t ra t ions . 
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Chapter VII 

REACTOR MANAGEMENT 

A. Philosophy 

Operat ion of the facility in a safe manner is the p r i m a r y concern 
of all personnel assoc ia ted w^ith the facili ty. The f i r s t line of defense 
against accidents is based on the select ion of personnel qualified by educa­
tion and t ra ining for the management and operat ion of the facility. The 
exe rc i se of careful and cautious judgment on the pa r t of these individuals 
is expected at all t i m e s . The second line of defense consis ts of the fail­
safe design of the var ious components of the facility and the safety c i rcu i t s 
assoc ia ted w^ith the nuclear ins t rumenta t ion . The routine maintenance of 
the equipment and preopera t iona l check p rocedures se rve to minimize the 
possibi l i ty of mechanical or e lec t r i ca l fai lure of the components of the 
sys t em. Care in preplanning of the exper iments and agreement by at leas t 
tw ô qualified pe r sons in r e g a r d to loading changes se rves to minimize the 
introduction of unsafe exper iments and conditions or faulty operating 
p r o c e d u r e s . 

B. Management 

Adminis t ra t ively , the ul t imate responsibi l i ty for the safe, competent, 
and effective ut i l izat ion of the Labora to ry ' s faci l i t ies r e s t s with the Labora­
to ry Di rec to r . Major p r o g r a m m a t i c and safety m a t t e r s a r e channeled to him 
from the Reactor Manager through the Head of the Fas t Reactor Exper iment 
Section, the Associate Division Director and the Direc tor of the Applied 
Phys ics Division. 

The following ca tegor ies of personnel a re d i rec t ly assoc ia ted with 
the facility: Reactor Manager , Assembly Coordinator , Reactor Supervisor , 
Opera tor , and Tra inee . 

The t i t le Reactor Manager is ves ted in one pe r son appointed by the 
Division Di rec tor , and in the absence of this pe r son from the Reactor 
Phys ic s Labora tory building, in an Al terna te . He is charged with the over­
all responsibi l i ty for the safe management of the facil i ty. His qualifications 
and respons ib i l i t ies a re outlined belov/: 

1. Qualifications of Reactor Manager 

a. Knowledge and understanding of fast r eac to r physics 

b . Reac tor Supervisor s tatus 



2. R e s p o n s i b i l i t i e s 

a. Safe m a n a g e m e n t of f ac i l i t y 

(1) e n f o r c e s o b s e r v a n c e of a l l o p e r a t i n g p r o c e d u r e s and 
s a f e ty r u l e s 

(2) i n s u r e s t h a t al l e x p e r i m e n t s m e e t the r e q u i r e m e n t s 
ou t l i ned in SAR and o t h e r a u t h o r i z i n g d o c u m e n t s 

(3) review^s a l l e x p e r i m e n t s f r o m sa fe ty po in t of view^ 

(4) c o g n i z a n t of m e a s u r e m e n t s b e i n g c o n d u c t e d on day to 
day b a s i s 

(5) i n s u r e s the a v a i l a b i l i t y of t r a i n e d o p e r a t i n g p e r s o n n e l 
w^hen r e q u i r e d 

b . R e v i e w s and a p p r o v e s the fo l lowing o p e r a t i o n s 

(1) a l l c o m p l e t e load ing c h a n g e s 

(2) l oad ing c h a n g e s v/hich c a n r e s u l t in r e a c t i v i t y add i t ions 
g r e a t e r t h a n $0.80 

(3) da i ly , w e e k l y , m o n t h l y , s e m i a n n u a l and annua l c h e c k l i s t 

(4) u s e of i n t e r l o c k b y p a s s k e y s and o p e r a t i n g k e y s 

(5) da i ly o p e r a t i o n 

c . T r a i n i n g and s u p e r v i s i o n of o p e r a t i n g p e r s o n n e l 

(1) r e c o m m e n d s the c l a s s i f i c a t i o n of p e r s o n n e l a s R e a c t o r 
S u p e r v i s o r , O p e r a t o r s and T r a i n e e s 

(2) s u p e r v i s e s p e r s o n n e l in the o p e r a t i o n and m a i n t e n a n c e 
of the f a c i l i t y 

(3) s u p e r v i s e s the t r a i n i n g of new^ p e r s o n n e l in the o p e r a ­
t i on of the f a c i l i t y 

d. M a i n t e n a n c e of f ac i l i t y 

e . R e c o m m e n d s d e s i r a b l e c h a n g e s to o p e r a t i n g p r o c e d u r e s 
and r u l e s b a s e d on o p e r a t i n g e x p e r i e n c e . 

In the a b s e n c e of the R e a c t o r M a n a g e r , a p e r s o n d e s i g n a t e d A l t e r n a t e 
R e a c t o r M a n a g e r t a k e s o v e r t h e s e r e s p o n s i b i l i t i e s . The A l t e r n a t e R e a c t o r 
M a n a g e r m u s t m e e t the s a m e q u a l i f i c a t i o n s a s the R e a c t o r M a n a g e r . In the 
a b s e n c e of b o t h the R e a c t o r M a n a g e r and the A l t e r n a t e R e a c t o r M a n a g e r , 
h i g h e r l e v e l s of s u p e r v i s i o n (e .g . . Head of F R E Sec t ion o r A s s o c i a t e D i v i s i o n 
D i r e c t o r ) m a y a s s u m e the r e s p o n s i b i l i t i e s of the R e a c t o r M a n a g e r p r o v i d e d 
t h e y m e e t the q u a l i f i c a t i o n s g iven a b o v e . Z P R - 6 and - 9 have s e p a r a t e 
R e a c t o r M a n a g e r s . 
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The Reactor Manager of each of the ZPR-6 and -9 faci l i t ies r epor t s 
to the Head of the F a s t Reactor Exper iments Section. The Head of the Fas t 
Reactor Exper iments Section has the responsibi l i ty for the exper imenta l 
p r o g r a m on ZPR-6 and - 9 . His bas ic respons ib i l i t i es a re outlined 
below: 

1. Responsibi l i t ies of the FRE Section Head 

a. Exper imenta l p r o g r a m on ZPR-6 and -9 

(1) sees that the exper iments c a r r i e d out on ZPR-6 and 
-9 a re consis tent w^ith and mee t the r equ i rement s of 
the Labora to ry ' s exper imenta l fast r eac to r physics 
p r o g r a m 

b . Sees that the Reactor Managers c a r r y out their ass igned 
respons ib i l i t ies 

c. Reviews and approves exper imenta l proposa ls by the 
Assembly Coordinator to insure that they mee t p r o ­
g r a m m a t i c needs and that they may be c a r r i e d out in 
a safe manner 

d. Reviews recommendat ions of the Reactor Manager . 

The Head of the F a s t Reactor Exper iments Section in turn r epo r t s in 
m a t t e r s of safety to the Associate Direc tor of the Applied Phys ics Division. 
The Associate Division Direc tor has the responsibi l i ty for supervis ion of all 
of the c r i t i ca l faci l i t ies on the Illinois Site under the jur isdic t ion of the 
Applied Phys ic s Division from the safety point of view^. The Associate Division 
Direc tor in tu rn r e p o r t s to the Applied Phys ic s Division Direc tor w ĥo in 
tu rn is responsib le to the Labora to ry Di rec to r . The respons ib i l i t ies of the 
Associate Division Direc tor in m a t t e r s of r eac to r safety a re outlined below. 

1. Responsibi l i t ies of Associate Division Direc tor 

a. Safe operat ion of all c r i t i ca l faci l i t ies under the ju r i sd ic ­
tion of the Applied Phys ics Division on the Illinois Site 

(1) insures the observance of all operating p rocedures 
and safety ru les 

(2) reviev/s all unusual exper iments brought to his 
attention by the heads of the exper imenta l sections 
or Reactor Manager 

(3) w^ith the a s s i s t ance of a safety inspection group con­
ducts monthly inspection of each of the c r i t i ca l faci l i ­
t i es with special emphas is on the mechanical and 
e lec t r i ca l components 

b . Reviews operat ing personnel recommendat ions of the 
Reactor Manager . 
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The Labora tory Di rec tor , with the advice of the Labora tory Reactor 
Safety Review^ Commit tee , review^s and author izes p rocedures and p rac t i ce s 
for the safe operat ion of the c r i t i ca l faci l i t ies vv^ithin the Labora tory . A char t 
of the Labora to ry organizat ion showing the line of responsibi l i ty for the 
safety of the r e a c t o r s is shown in F ig . VII- 1. 

The Reactor Safety Review^ Committee is composed of staff m e m b e r s 
from var ious divisions of the Labora to ry and from var ied professional 
d isc ip l ines . The purpose of this commit tee is to advise and to make r ecom­
mendations to the Labora to ry Direc tor at his reques t on the safety aspects 
of the operat ion of var ious nuclear faci l i t ies at Argonne. It maintains a 
continuing review^ of the cu r ren t operat ions of the Argonne r e a c t o r s by 
giving considerat ion to changes made in r eac to r equipment and operating 
p r o c e d u r e s , by considering special nuclear hazards involved in proposed 
r e a c t o r s or nuclear mult ipl icat ion exper iments , by per iodic inspect ions, 
and by devoting special attention to r eac to r h a z a r d s . 

The t e r m Assembly Coordinator is used to designate the pe r son 
responsible for the planning and conduct of exper iments on a pa r t i cu la r 
assembly . His qualifications and respons ib i l i t ies a re outlined below^: 

1. Qualifications of Assembly Coordinator 

a. Know^ledge and understanding of fast r eac to r physics 

2. Responsibi l i t ies 

a. P lans and conducts exper iments on ZPR-6 or -9 

(1) designs core loading (enrichment, plate a r rangement , 
volume percentages of f iss i le , fer t i le , s t ruc tu ra l and 
coolant ma te r i a l s ) 

(2) p r e p a r e s assembly and detailed draw^er loading char ts 

(3) he or his designated represen ta t ive checks draw^ing 
and r eac to r loadings to see that the facility is loaded 
in accordance with plan 

b . Insures that p roper analysis and report ing is made on 
the m e a s u r e m e n t s conducted on this assembly . 

The Assembly Coordinator is designated for a pa r t i cu la r assembly by the 
head of the appropr ia te section of the Applied Phys ics Division. The 
Assembly Coordinator m a y b e a m e m b e r of such sections as : Fas t Reactor 
Exper iments Section, Exper imenta l Reactor Phys ics Section, or Cr i t ica l 
Exper iment Analysis Section. 
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A R e a c t o r S u p e r v i s o r i s a p e r s o n w^ho h a s suf f ic ient ab i l i t y and 
e x p e r i e n c e in the o p e r a t i o n of a p a r t i c u l a r f ac i l i t y t h a t he h a s b e e n g iven 
the a u t h o r i t y to s u p e r v i s e the a c t u a l o p e r a t i o n of t h a t f a c i l i t y . His qua l i f i ­
c a t i o n s and r e s p o n s i b i l i t i e s a r e ou t l i ned belov7. 

1. Q u a l i f i c a t i o n s of R e a c t o r S u p e r v i s o r 

a. Know^ledge of r e a c t i v i t y e f fec t s as a p p l i c a b l e to t h i s f ac i l i t y 

b . F a m i l i a r w^ith m e c h a n i c a l , e l e c t r i c a l and e l e c t r o n i c c o m ­
p o n e n t s of f ac i l i t y 

c . Knows how to o p e r a t e f a c i l i t y and r e c o g n i z e m a l f u n c t i o n s 

d. U n d e r s t a n d o p e r a t i n g and e m e r g e n c y p r o c e d u r e s 

e . E x p e r i e n c e in r e a c t o r o p e r a t i o n 

2. R e s p o n s i b i l i t y 

a. A s s u r e s safe o p e r a t i o n of the f a c i l i t y at a l l t i m e s w^henever 
a m e m b e r of the o p e r a t i n g g r o u p 

b . A s c e r t a i n s t h a t a l l r e a c t o r c o n t r o l m e c h a n i s m s and s a f e ty 
d e v i c e s a r e func t ion ing p r o p e r l y 

c . Sees t h a t a l l o p e r a t i n g r u l e s and p r o c e d u r e s a r e fo l lowed 

d. I n f o r m s o p e r a t i n g p e r s o n n e l on d e c i s i o n s on conduc t of 
e x p e r i m e n t s 

e . M a k e s j u d g m e n t s on the sa fe ty of a p a r t i c u l a r l oad ing 
change 

f . R e p o r t s da i ly a l l c h a n g e s in c o r e load ing l e s s t h a n $0.80 
to R e a c t o r M a n a g e r . 

An O p e r a t o r i s an ind iv idua l who h a s had s o m e e x p e r i e n c e in the 
r o u t i n e o p e r a t i o n of z e r o - p o w e r r e a c t o r f a c i l i t i e s and h a s a c l e a r u n d e r ­
s t and ing of the n e c e s s a r y p r o c e d u r e s to be u n d e r t a k e n upon the o c c u r r e n c e 
of a b n o r m a l s i t u a t i o n s on the s y s t e m . His q u a l i f i c a t i o n s and r e s p o n s i b i l i t i e s 
a r e ou t l i ned be low . 

1. Qua l i f i c a t i ons of O p e r a t o r 

a. Knowledge of--

(1) o p e r a t i n g p r o c e d u r e and r u l e s 

(2) r e a c t o r o p e r a t i o n 

(3) m a i n t e n a n c e of f ac i l i t y 



(4) t e c h n i q u e s u s e d in u s u a l r e a c t i v i t y m e a s u r e m e n t s 

(5) e m e r g e n c y p r o c e d u r e s 

b . E x p e r i e n c e in a c t u a l o p e r a t i o n of f a c i l i t y 

c . Able to r e c o g n i z e m a l f u n c t i o n of e q u i p m e n t o r u n u s u a l 
r e a d i n g s of i n s t r u m e n t s 

2. R e s p o n s i b i l i t i e s 

a. O p e r a t i o n and m a i n t e n a n c e of f ac i l i t y 

b . O b s e r v e a l l o p e r a t i n g p r o c e d u r e s and r u l e s 

c . To t a k e p r o m p t r e q u i r e d ac t ion in e m e r g e n c i e s . 

The R e a c t o r S u p e r v i s o r s and O p e r a t o r s a r e appo in t ed by the Appl ied 
P h y s i c s D i v i s i o n D i r e c t o r upon the r e c o m m e n d a t i o n of the R e a c t o r M a n a g e r , 
and a p p r o v a l by the F R E Sec t ion Head, and the A s s o c i a t e D i v i s i o n D i r e c t o r . 

In add i t ion to t h o s e d i r e c t l y a s s o c i a t e d w i t h the f a c i l i t i e s the Spec i a l 
M a t e r i a l s R e p r e s e n t a t i v e , and the R a d i a t i o n Safe ty R e p r e s e n t a t i v e p l a y a 
key r o l e in the o p e r a t i o n of the f a c i l i t y . 

The S p e c i a l M a t e r i a l s (SM) R e p r e s e n t a t i v e i s r e s p o n s i b l e for s t o r i n g , 
i s s u i n g and a c c o u n t i n g for a l l f i s s i l e and f e r t i l e m a t e r i a l s in Bu i ld ing 316 
not in the r e a c t o r . He h a s r e s p o n s i b i l i t y for the f i s s i l e m a t e r i a l w^hile the 
fuel i s in the v a u l t . He i s a l s o r e s p o n s i b l e for e n f o r c i n g a l l r u l e s r e g a r d i n g 
p r e v e n t i o n of a c c i d e n t a l c r i t i c a l i t y for the v a u l t . 

The R a d i a t i o n Safe ty R e p r e s e n t a t i v e i s r e s p o n s i b l e for m a k i n g 
p e r i o d i c s u r v e y s for a lpha and b e t a c o n t a m i n a t i o n and n e u t r o n and g a m m a 
r a y h a z a r d s in Bu i ld ing 316. He i s r e s p o n s i b l e for i s s u i n g f i lm b a d g e s and 
d o s i m e t e r s and m a i n t a i n i n g a c c u m u l a t e d r a d i a t i o n d o s e s r e c o r d s for 
p e r s o n n e l in the App l i ed P h y s i c s L a b o r a t o r y . 

C. A d m i n i s t r a t i v e P r o c e d u r e s 

As a c o n s e q u e n c e of the e x t r e m e f l ex ib i l i t y a v a i l a b l e in c r i t i c a l 
a s s e m b l i e s , a l l of the o p e r a t i n g p r o c e d u r e s canno t be p r e c i s e l y spec i f i ed 
in a d v a n c e for e v e r y p o s s i b l e type of e x p e r i m e n t . F o r t h i s r e a s o n , a 
n u m b e r of a d m i n i s t r a t i v e c o n t r o l s of a v e r y g e n e r a l n a t u r e have b e e n 
e s t a b l i s h e d for Z P R - 6 and - 9 . 

1. U n u s u a l E x p e r i m e n t s 

The g e n e r a l p r o c e d u r e foUow^ed for any g iven p r o g r a m of m e a s ­
u r e m e n t s i s to s u b m i t an e x p e r i m e n t a l p r o p o s a l to the R e a c t o r M a n a g e r for 
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review and approval from the point of view of r eac to r safety. Following 
the Reactor Manager ' s approval , the routine exper iments a re then c a r r i e d 
out by the Assembly Coordinator and staff. If the exper iment is deemed 
"unusual ," in the judgment of the Reactor Manager the proposal and p r e -
exper iment anci l la ry analysis re la t ive to the per t inent hazards w^ill be 
submit ted to the Associate Division Direc tor for review^. He in turn may 
submit it for information or further review to the Division Direc tor , who 
in tu rn may submit it to the Labora tory Di rec to r . If it is considered to 
fall outside the scope of authorized operat ion the Labora to ry Director w^ould 
submit it to the AEC for approval . 

2. Checkout and Preventa t ive Maintenance 

Daily, w^eekly, monthly, semiannual , and annual checkout and 
preventat ive maintenance p rocedures have been es tabl i shed as a means of 
insuring proper operat ion of all the mechanica l in ter locks and ins t ruments 
and preventing costly and extensive repa i r or rep lacement of worn or 
damaged components . It is by this means that gradual changes in operat ing 
conditions a re detected and the safeguards insti tuted to control the hazards 
of c r i t i ca l exper iments a re mainta ined. 

3. Keys 

There a r e fourteen keys assoc ia ted d i rec t ly or indirect ly w^ith 
r eac to r opera t ions . Thi r teen of them, plus some duplicates , a re kept in a 
key cabinet in the control room, w^hich is alw^ays locked -whenever the re is 
sufficient fuel in the r eac to r to produce cr i t ica l i ty under any condition. 
The Reactor Manager , his a l te rna te , Head of the FRE Section and the 
Associate Division Direc tor , and the Labora tory locksmith a r e the only 
persons holding the key-cabinet key and, except for the locksmith, have 
complete control over all locks and lock sw^itches. A Table Key is i s sued 
on a t e m p o r a r y bas i s to the Assembly Coordinator for the duration of his 
r e spons ib i l i t i e s . All other keys a r e normal ly under the immedia te control 
of the Reactor Manager or his a l t e rna te . 

4. Pe r sonne l Access 

No personnel a re allow^ed in the cell w^hen the r eac to r is 
c r i t i ca l . Exceptions mus t be reviewed and approved by the Labora to ry 
Di rec to r . At all t imes v/hen fuel is p r e sen t in the r eac to r or in the s torage 
rack in the cell , no individual may be in the cell by himself; a min imum of 
tw ô pe r sons is r equ i red . It is normal ly r equ i red that the emergency p e r ­
sonnel ("E") door and one of each of the personnel and freight doors be 
closed. There a r e four si tuations when both personnel doors or both freight 
doors may be opened s imultaneously when the r eac to r is not in operat ion. 
These si tuations a re : 
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a. When la rge components -which do not fit in the a i r lock door 
must be taken into or out of the r eac to r cell from the con­
t ro l room or building ex te r io r . 

b . In o rde r to accommodate large groups of v i s i to r s both 
doors may be left open for rap id t r ans i t . Vis i to rs a re 
al-ways e sco r t ed by personnel assoc ia ted -with the faci l i t ies . 

c. Maintenance or r epa i r of doors . 

d. When all the fuel has been removed from the reac tor 
and cell . 

The Reactor Manager mus t approve the s imultaneous opening of the pe r ­
sonnel doors or the freight en t rance . Only operat ion di rect ly re la ted to the 
r equ i rement of s imultaneous opening of ei ther the freight or personnel doors 
will be pe rmi t t ed when these doors a re open. The simultaneous opening of 
these doors w^ill be kept to a min imum consistent -with operat ional r equ i r e ­
m e n t s . During operat ion all doors as well as the six por ts to the vault -work­
room mus t be closed. The cell , control room, vault, and vault workroom 
are within the 316-West FH a r e a and access to these a r ea s is r e s t r i c t e d to 
authorized personnel by a Security Division guard at the FH a r e a en t rance . 
The number of people in the r eac to r control room is to be kept at a min imum 
during r eac to r operat ions since uninformed v i s i to r s or o thers not i m m e ­
diately involved in the operat ion may affect the hazards of an exper iment if 
by no other means than to provide a d is t rac t ion to the o p e r a t o r s . 

D. Operat ing Rules 

The cu r ren t genera l set of ru les for the operat ion of the ZPR-6 and 
-9 a re summar i zed in this section for convenience. 

These ru les conform to p rocedures es tabl ished and in cur ren t use 
at the c r i t i ca l exper iment faci l i t ies on the Illinois Site. It mus t be recog­
nized that such p rocedure s may change -with t ime and are al-ways subject 
to improvement . When changes a r e proposed in such genera l p rocedu re s , 
they will be carefully revie-wed and v/ill be approved by appropr ia te Labora­
tory management only if a c lear advantage exis ts in the changed p r o c e d u r e s . 
Thus, these ru l e s , although cu r ren t and of considerable duration, mus t be 
considered to some extent as i l lus t ra t ive of atti tude, r a the r than as f i rm 
commi tmen t s . 

For the operat ion of the facility, tw ô separa te and different keys 
a re requ i red to open t-wo locks . One key, cal led the Supervisory Key, 
allow^s the main po-wer to be turned on at the control console. The second 
key, called the Table Key, controls the power to drive the movable table . 
The Supervisory Key will be control led by the Reactor Manager or a 
delegated Reactor Supervisor -when not inse r t ed in the control console. 
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The Table Key will be controlled by the Assembly Coordinator or his 
designate. The t-wo-key sys tem -will serve as a check that a min imum of 
f-wo responsible pe r sons a re cognizant of the operat ion of the facility. The 
back of the control console is locked except -when access is requ i red for 
maintenance . 

1. General Rules 

(a) There mus t be t-wo independent mechanical means for 
achieving shutdo-wn. For ZPR-6 and -9 these a re (1) the dual-purpose rods 
and the B safety b lades , and (2) the movable table . 

(b) The p re sence of a min imum of two pe r sons is requ i red 
during any change in r eac to r loading. 

(c) The init ial c r i t ica l i ty for ne-w cores mus t al-ways be ap­
proached by a s e r i e s of d i sc re te s teps such that the c r i t i ca l conditions can 
be predic ted by extrapolat ion. 

(d) P r i o r to the f i r s t operat ion of the day except during per iods 
of extended continuous operat ion, the r eac to r mus t be checked out and in­
spected by a m e m b e r of the operat ing cre-w. The Reactor Manager or his 
a l ternate mus t be informed of the genera l p r o g r a m of m e a s u r e m e n t s to be 
per formed and mus t approve operat ion on a daily bas i s 

(e) Before each run, personnel mus t be evacuated from the 
cell and all doors and por t s to the cell mus t be closed. 

(f) Any m e m b e r of the operating cre-w is u rged to stay a-way 
from the reac to r controls if he does not feel qualified to assume the r e ­
sponsibi l i t ies vvfhich go -with r eac to r operat ion. Preoccupat ion due to 
persona l c i r cums tances or physical disposit ion will be honored as good 
reasons to ref ra in from par t ic ipat ing in the running of the r e a c t o r . 

(g) Inter lock bypasses can only be used under the immediate 
supervis ion of the Reactor Manager or his a l te rna te and mus t be r ecorded 
m the log book for each instance of u s e . 

(h) Final react iv i ty adjustment as cr i t ica l i ty is approached 
is normal ly through control rod motion. If c r i t ica l i ty is approached during 
safety rod or table motion because of a loading e r r o r , that approach to 
cr i t ica l will be t e rmina ted and excess react iv i ty removed, 

(i) The control console mus t be attended as long as the Super­
v isory and Table Drive Keys r ema in inse r t ed m the console key switches . 
At no t ime during the operat ions is the man operat ing the controls to leave 
them unattended, nor is he to par take in other act ivi t ies beyond the di rect 
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manipulat ions of the controls until he is re l ieved. Nor is any unauthorized 
pe r son (any pe r son not specifically named on the cur ren t crew m e m b e r l ist) 
to be allowed to operate the r eac to r cont ro ls . 

(j) Occasional ly it may be n e c e s s a r y to bring the reac to r 
tables par t i a l ly or completely together with fuel in the r eac to r m a t r i x (for 
maintenance) -while personnel a re in the r eac to r cel l . (All -work of this 
nature mus t be done under the di rect supervis ion of the Reactor Manager.) 
Before this is done, sufficient fuel mus t be removed from the reac tor and 
m e a s u r e m e n t s made to a s su r e that the maximum kgff is no g rea t e r than 0.9; 
confirming m e a s u r e m e n t s must be made -with the halves together and all 
rods in their mos t reac t ive pos i t ions . 

(k) A p rede t e rmined min imum neutron induced counting ra te 
mus t exist on channels 1 and 2, before moving control rods or safety 
r o d s / b l a d e s . 

(1) All r equ i red facility ins t ruments and inter locks must be 
operating p roper ly during r eac to r opera t ions . 

(m) All °̂B safety blades and dual-purpose rods designated as 
safety rods mus t be available for the introduction of negative react ivi ty 
before the movable half is driven to-wards the s ta t ionary half. 

(n) Any sudden changes in apparent mult ipl icat ion or react iv i ty 
mus t be diagnosed immediate ly or the r eac to r shut down. 

(o) The movable table mus t be driven to its maximum sepa ra ­
tion before the r eac to r cell is en tered . 

(p) An up- to-date set of r e co rds covering the operat ion of each 
sys tem must be available at all t i m e s . 

(q) An assembly a r ea containing f iss i le m a t e r i a l may not be 
entered for fire-fighting purposes unless the individuals a re accompanied 
by a Reactor Supervisor or Area Emergency Superv isor . 

(r) Hydrogenous m a t e r i a l s a re not to be s tored in the 
r eac to r cell . 

(s) The cell containment mus t not be b reached (e.g., opening 
of both personnel doors) unless p r io r approval is obtained fronn the Reactor 
Manager . Any containment b r e a c h is to be of min imum durat ion. The 
Reactor Manager -will not authorize a containment b r e a c h during reac to r 
operat ion or -whenever such a b r e a c h can significantly compromise the 
safety of the facili ty. 



(t) The R e a c t o r M a n a g e r wi l l r e v i e w the o p e r a t i o n s log book 
w e e k l y d u r i n g p e r i o d s of o p e r a t i o n and no te c o m p l i a n c e by i n i t i a l i n g and 
da t ing in the log book. 

(u) All m o d i f i c a t i o n s of the m e c h a n i c a l and e l e c t r i c a l c o m ­
p o n e n t s of the f ac i l i t y wi l l be a p p r o v e d in a d v a n c e by the R e a c t o r M a n a g e r , 
and t h i s a p p r o v a l i n d i c a t e d by i n i t i a l i n g and da t i ng of the d e s c r i p t i v e e n t r y 
m a d e in the m a i n t e n a n c e log book or an equ iva l en t f o r m . 

(v) The R e a c t o r M a n a g e r i s r e s p o n s i b l e for the safe o p e r a t i o n 
of h i s f ac i l i t y and a s a p a r t of t h i s r e s p o n s i b i l i t y wi l l i n s u r e t h a t t h o s e 
invo lved in the a c t u a l o p e r a t i o n a r e i n f o r m e d of a l l c h a n g e s af fec t ing the 
sa fe ty of the o p e r a t i o n . 

(w) T h e u n a l l o y e d P u fuel wi l l be l i r a i t e d to z o n e s for wh ich 
the r e a c t i v i t y of the zone i s no m o r e than 2 5% of the to t a l r e a c t i v i t y a s 
def ined on p . 2 1 . 

(x) The p o r t s for the n e u t r o n t i m e - o f - f l i g h t t u b e s and c h a r g e d 
p a r t i c l e tube wi l l no t be opened when the r e a c t o r h a s a kgff > 0 . 9 8 . 

(y) The ce l l m u s t not be e n t e r e d un t i l it h a s b e e n a s c e r t a i n e d 
t h a t the a i r b o r n e P u c o n c e n t r a t i o n i s be low p r e s c r i b e d l e v e l s . 

(z) The Z P R - 6 and -9 f a c i l i t i e s wi l l only be o p e r a t e d when the 
p r e s s u r e wi th in the c o n f i n e m e n t she l l i s at l e a s t -1 .0 inch of w a t e r and t h e 
o t h e r s u s p e c t a r e a s a r e l e s s t h a n - 0 . 1 inch of w a t e r wi th r e s p e c t to the 
a t m o s p h e r e . 

2 . R e a c t i v i t y R e q u i r e m e n t s 

(a) Shutdo-wn R e a c t i v i t y : A m i n i m u m of 2% A k / k m u s t be 
a v a i l a b l e due to the ac t ion of a l l d u a l - p u r p o s e and ^°B r o d s . 

(b) D u a l - P u r p o s e C o n t r o l / S a f e t y Rod Se l ec t ion : The r e a c t o r 
m u s t be s u b c r i t i c a l by a t l e a s t 0.5% Ak /k when t h e r e a c t o r h a l v e s a r e 
t o g e t h e r and the c o n t r o l r o d s a r e in p o s i t i o n s of m i n i m u m r e a c t i v i t y . 

(c) C o n t r o l Rod Wor th : The m a x i m u m w o r t h of any one c o n t r o l 
rod m u s t not e x c e e d $3. 

(d) M a x i m u m E x c e s s R e a c t i v i t y : The m a x i m u m e x c e s s 
r e a c t i v i t y , w i th al l r o d s in t h e i r m o s t r e a c t i v e p o s i t i o n s , m u s t no t e x c e e d 
$0.80. The r e a c t i v i t y r e s t r i c t i o n s for ^^^U and P u c o r e s a r e s u m m a r i z e d 
in T a b l e V I I - 1 , 

(e) The r e a c t i v i t y add i t i on r a t e , w h e t h e r by c o n t r o l r o d s , o r 
t a b l e m o t i o n , e t c . , m a y not e x c e e d $ 0 . 0 4 / s e c when wi th in 2% Ak of c r i t i c a l . 

(f) R e a c t i v i t y m a y be added in only one m a n n e r a t a t i m e . 
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TABLE VII-1 

REACTIVITY LIMITATIONS 

Û  ̂  ̂  Cores Pu Cores 

Degree Subcritical 21 Ak 2% Ak 
(Subcritical Reactivity) ($3 for & ff = 0.0063) ($6.00 for & ff = 0.0033) 
Due to All Rods in Their 
Least Reactive Positions 

Degree Subcritical With 0.51 Ak 0.5% Ak 
Table Halves Together C80<t for e. .f = 0.0063) (1.50 for & ff = 0.0033) 
and All Control Rods Out ®̂ ^ ®*̂  

Maximum Worth of One $3.00 $3.00 
Control Rod (1.9% Ak for Bg££ = 0.0063 1% Ak for 6 ££ = 0.0033 

Maximum Excess Reactivity 
with All Rods at Their 80i 80<(: 
Most Reactive Positions (0.5% Ak for B ££ = 0.0063 (0.27% Ak for B r^ = 0.0033) 

3. Load ing C h a n g e s 

T h e r e a r e t h r e e t y p e s of o p e r a t i o n of the f a s t c r i t i c a l f a c i l i t i e s 
in -which the type and n u m b e r of o p e r a t i n g p e r s o n n e l r e q u i r e d at the c o n s o l e 
d i f fe r . The t h r e e t y p e s a r e -when the r e a c t o r i s in a c o n f i r m e d s t a t e , u n ­
c o n f i r m e d s t a t e , o r two o p e r a t o r o p e r a t i o n s t a t e . 

(a) C o n f i r m e d S t a t e 

The r e a c t o r i s def ined to b e in a " c o n f i r m e d " s t a t e -when 
the folio-wing r e q u i r e m e n t s a r e s a t i s f i e d : 

1. The shu tdown m a r g i n h a s b e e n e x p e r i m e n t a l l y e s t a b ­
l i s h e d a s 2% Ak /k o r g r e a t e r . 

2. The m a x i m u m e x c e s s r e a c t i v i t y i s kno-wn to be l e s s 
t h a n $0 .80 . 

3 . The i n c r e a s e in r e a c t i v i t y o v e r t h a t of a p r e v i o u s l y 
o p e r a t e d c o n f i r m e d r e a c t o r i s no t g r e a t e r t h a n $0 .30 . 

4 . No c h a n g e s in c o n t r o l / s a f e t y r o d o r i n s t r u m e n t 
p e r f o r m a n c e / l o c a t i o n , o r in i n t e r l o c k / c o n t r o l c i r c u i t r y have b e e n m a d e 
s i n c e l a s t hav ing a c o n f i r m e d c o r e . 

E x a m p l e s of c o n f i r m e d o p e r a t i o n of Z P R - 6 and - 9 a r e 
g iven be low: 

1. foi l a c t i v a t i o n o r n u c l e a r e m u l s i o n i r r a d i a t i o n ; 

2 . f lux t r a v e r s e s o r f i s s i o n r a t i o m e a s u r e m e n t s by m e a n s 
of fo i l s o r s m a l l c o u n t e r s ; 
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3. d a n g e r coef f ic ien t m e a s u r e m e n t s -when s m a l l r e a c t i v i t y 
c h a n g e s a r e involved ; 

4 . p i l e - o s c i l l a t o r - t y p e m e a s u r e m e n t s a f t e r t he r e a c t o r 
h a s b e e n m a d e c r i t i c a l w i th the o s c i l l a t o r s a m p l e in the r e a c t o r ; 

5. s o d i u m - v o i d coef f ic ien t m e a s u r e m e n t s -when s m a l l 
r e a c t i v i t y c h a n g e s a r e invo lved . 

F o r a c o n f i r m e d o p e r a t i o n a m i n i m u m of one R e a c t o r 
S u p e r v i s o r and one O p e r a t o r i s r e q u i r e d at or n e a r the c o n t r o l c o n s o l e o b ­
s e r v i n g the o p e r a t i o n of the f a c i l i t y . 

(b) T-wo O p e r a t o r O p e r a t i o n 

Unde r v e r y r - e s t r i c t e d cond i t i ons the Z P R - 6 and - 9 f a c i l i t i e s 
m a y be o p e r a t e d -with only t-wo O p e r a t o r s at the c o n t r o l c o n s o l e . The 
p h y s i c a l p r e s e n c e of a R e a c t o r S u p e r v i s o r would be r e q u i r e d only d u r i n g 
s t a r t u p and the i n i t i a l p h a s e s of c o n f i r m e d o p e r a t i o n . The fol lowing cond i ­
t i ons m u s t be m e t b e f o r e t-wo o p e r a t o r o p e r a t i o n m a y be i n i t i a t e d . 

1. R e a c t o r m u s t be in a c o n f i r m e d s t a t e 

2. The e x p e r i m e n t to be c o n d u c t e d on the r e a c t o r m u s t be 
one of the foUo-wing four : 

a. F o i l i r r a d i a t i o n s at a c o n s t a n t po-wer l e v e l for 
p e r i o d s of t i m e in e x c e s s of 30 m i n u t e s . 

b . R o s s i - a l p h a and s p e c t r u m m e a s u r e m e n t s u s u a l l y 
p e r f o r m e d in s u b c r i t i c a l s t a t e . 

c . M a t e r i a l r e p l a c e m e n t m e a s u r e m e n t s m a d e -with the 
s a m p l e c h a n g e r or w i th the s ing le d r a w e r Dopp le r 
a p p a r a t u s and in -which a p r e s c r i b e d s e q u e n c e of 
e x p e r i m e n t a l o p e r a t i o n s a r e r e p e t i t i v e l y p e r ­
f o r m e d . T h e s e m e a s u r e m e n t s do no t n e c e s s a r i l y 
have to be c e n t r a l m e a s u r e m e n t s . 

d. F i s s i o n r a t i o and f i s s i o n d i s t r i b u t i o n m e a s u r e ­
m e n t s u s i n g s m a l l f i s s i o n d e t e c t o r s w^ith s o m e 
s o r t of a t r a v e r s e m e c h a n i s m . 

3. The r e a c t i v i t y add i t ion a s s o c i a t e d -with t h e s e e x p e r i ­
m e n t s canno t e x c e e d $0.30 r e l a t i v e to the u n p e r t u r b e d s t a t e . T h i s wi l l 
r e q u i r e at l e a s t one m e a s u r e m e n t of the m o s t r e a c t i v e m a t e r i a l -worth o r 
Dopp le r s a m p l e . 

4 . The R e a c t o r S u p e r v i s o r m u s t c o n f i r m tha t the m a x i ­
m u m a v a i l a b l e e x c e s s r e a c t i v i t y i s not g r e a t e r t h a n $0.80 and t h a t a 
2% Ak /k shutdo-wn m a r g i n i s a v a i l a b l e at al l t i m e s . 
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5. The R e a c t o r S u p e r v i s o r m u s t m a k e s u r e t ha t the 
e x p e r i m e n t and i t s e x e c u t i o n i s u n d e r s t o o d by the o p e r a t i n g c r e w and tha t 
a r o u t i n e p r o c e d u r e h a s b e e n e s t a b l i s h e d for the e x p e r i m e n t . 

6. When in the j u d g m e n t of the R e a c t o r S u p e r v i s o r , h i s 
p h y s i c a l p r e s e n c e i s no l o n g e r r e q u i r e d for the safe conduct of the e x p e r i ­
m e n t , he m a y l e a v e the c o n t r o l roona but not the R e a c t o r P h y s i c s L a b o r a ­
t o r y bu i ld ing t ak ing the S u p e r v i s o r y key wi th h i m . The S u p e r v i s o r y key i s 
i n t e r l o c k e d in s u c h a way tha t once the r e a c t o r i s in an o p e r a t i n g s t a t e , i t s 
r e m o v a l wi l l not c a u s e a s c r a m . 

7. T h e fact t ha t a l l of the above cond i t ions have b e e n 
s a t i s f i e d and the t e l e p h o n e n u m b e r in the R e a c t o r P h y s i c s L a b o r a t o r y at 
w h i c h the R e a c t o r S u p e r v i s o r can be r e a c h e d wi l l be r e c o r d e d in the log 
book by the R e a c t o r S u p e r v i s o r ' s s i g n a t u r e . It wi l l be h i s r e s p o n s i b i l i t y 
to have a m i n i m u m of two O p e r a t o r s at t he c o n s o l e at a l l t i m e s d u r i n g 
o p e r a t i o n . 

(c) U n c o n f i r m e d S ta te 

F o r a l l o t h e r c i r c u m s t a n c e s the r e a c t o r i s in an "uncon­
f i r m e d " s t a t e . 

Exanap l e s of c h a n g e s wh ich c a u s e the r e a c t o r to be in an 
u n c o n f i r m e d s t a t e a r e : 

1. Addi t ion of ^^^U, "'"^U, ^"^^Pu, e t c . , wh ich can r e s u l t in 
a p o s i t i v e r e a c t i v i t y change in e x c e s s of $0 .30. 

2. R e a r r a n g e m e n t of c o r e o r b l anke t m a t e r i a l s wh ich 
can r e s u l t in a p o s i t i v e r e a c t i v i t y change in e x c e s s of $0.30. 

3 . C h a n g e s in l o c a t i o n of n u c l e a r s e n s o r s u s e d in 
f ac i l i t y o p e r a t i o n . 

4 . C h a n g e s in l o c a t i o n of c o n t r o l a n d / o r sa fe ty r o d s . 

L o a d i n g c h a n g e s wh ich can r e s u l t in r e a c t i v i t y add i t i ons g r e a t e r 
t han $0.80 m u s t h a v e the a p p r o v a l of the R e a c t o r M a n a g e r o r h i s a l t e r n a t e , 

T-wo R e a c t o r S u p e r v i s o r s m u s t s ign a l l R e a c t o r L o a d i n g R e c o r d s 
b e f o r e the i n t ended load ing c h a n g e s a r e m a d e . U s e of a p ink R e a c t o r L o a d ­
ing R e c o r d i m p l i e s an u n c o n f i r m e d c o r e o r e x p e r i m e n t , w h e r e a s u s e of a 
wh i t e c h a r t i m p l i e s a c o n f i r m e d c o r e or e x p e r i m e n t . The s i g n a t u r e s of the 
two R e a c t o r S u p e r v i s o r s i m p l i e s t h a t t h e y a g r e e the c o r e i s c o n f i r m e d or 
u n c o n f i r m e d a c c o r d i n g to the c o l o r of the c h a r t u s e d . 

A m i n i m u m of two R e a c t o r S u p e r v i s o r s i s r e q u i r e d at or n e a r 
the c o n t r o l c o n s o l e o b s e r v i n g the o p e r a t i o n of the r e a c t o r w h e n it i s in an 
u n c o n f i r m e d s t a t e . 
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4, R u l e s for Load ing and S t o r i n g the Z P R - 6 
and - 9 F u e l D r a w e r s 

(a) The R e a c t o r Load ing R e c o r d s m u s t be a p p r o v e d by two 
R e a c t o r S u p e r v i s o r s b e f o r e the i n t e n d e d l oad ings a r e m a d e . 

(b) Load ing of the fuel in to the d r a w e r s wi l l n o r m a l l y be done 
only in the vau l t w o r k r o o r n and u n d e r the s u p e r v i s i o n of the A s s e m b l y 
C o o r d i n a t o r o r h i s d e s i g n a t e d r e p r e s e n t a t i v e . 

(c) N o r m a l l y only n u m b e r e d d r a w e r s a r e to be u s e d to ho ld 
c o r e m a t e r i a l s ; u n n u m b e r e d d r a w e r s m a y be u s e d for c o u n t e r s . 

(d) No m o r e t h a n t h r e e fuel dra-wers m a y be in the p r o c e s s 
of be ing l o a d e d o r u n l o a d e d at any one t i m e in the w o r k r o o m . 

(e) No m o r e t h a n 6 kg of e n r i c h e d u r a n i u m o r 4.6 kg of con­
t a i n e d P u wi l l be a l l owed on the load ing t a b l e o r p r o c e s s i n g hoods at any 
one t i m e , and a l l d r a w e r s con ta in ing fuel m u s t be r e m o v e d f r o m the w o r k 
a r e a as soon a s t hey a r e l o a d e d . 

(f) D u r i n g a l l load ing and un load ing o p e r a t i o n s , the A s s e m b l y 
C o o r d i n a t o r w i l l be r e s p o n s i b l e for the safe and p r o p e r hand l ing of the fuel 
for w h i c h he i s c h a r g e d . All m a t e r i a l s and d r a w e r s m u s t be kep t in t h e i r 
d e s i g n a t e d s t o r a g e l o c a t i o n s -when not b e i n g l o a d e d o r in the r e a c t o r . 

(g) In a l l c o r e c h a n g e s involv ing the add i t ion of fuel , it i s the 
r e s p o n s i b i l i t y of the A s s e m b l y C o o r d i n a t o r to i n s u r e t h a t the change in 
m u l t i p l i c a t i o n i s o b s e r v e d . It i s r e q u i r e d t h a t e i t h e r c h a n n e l 1 o r 2 and i t s 
a s s o c i a t e d p o p p e r be o p e r a t i n g d u r i n g a l l fuel load ing c h a n g e s . 

(h) The A s s e m b l y C o o r d i n a t o r o r h i s d e l e g a t e m u s t c h e c k e a c h 
d r a w e r as it is l o a d e d a g a i n s t the p r o p e r D r a w e r M a s t e r , and t h e n s ign the 
R e a c t o r Load ing R e c o r d b e f o r e the d r a w e r l e a v e s the w o r k r o o m . 

(i) After the l o a d e d d r a w e r i s i n s e r t e d into the r e a c t o r m a t r i x 
the n a m e of the ind iv idua l -who c h e c k e d the m a t r i x load ing i s a l s o r e c o r d e d 
on the a s s e m b l y load ing c h a r t . 

(j) No fuel b e a r i n g dra-wers m a y be s t o r e d in the r e a c t o r ce l l 
-without f i r s t i n f o r m i n g the R e a c t o r M a n a g e r o r h i s a l t e r n a t e and then only 
on the c r i t i c a l i t y - s a f e s t o r a g e r a c k s p r o v i d e d . S t o r a g e o t h e r t h a n in the 
r e a c t o r m a t r i x i s al-ways to be of a t e m p o r a r y n a t u r e , i . e . , not for m o r e 
t h a n a fe-w d a y s . 

(k) Load ing c h a n g e s for only one f ac i l i t y m a y be m a d e in the 
w o r k r o o m at a g iven t i m e . 



E. Security 

The west wing of the Reactor Phys ics Labora tory is divided into 
th ree a r ea s from the standpoint of secur i ty . The offices, l abora to r i e s , and 
counting rooms in the basement level, f i r s t floor, and second floor a re con­
s idered open a r ea s where personnel assigned to the building and v i s i t o r s , 
after identification by the recept ionis t , may move freely. The southern 
port ion of the f i r s t floor, w^hich includes two control r ooms , r eac to r ce l l s , 
vault, and vault workroom, is designated the FH a rea , and access is s t r ic t ly 
control led. All doors leading out of the FH a r ea are a l a rmed . In o rder to 
gain access to the FH area , personnel mus t be on an access l is t and be 
identified by a secur i ty guard at the entrance to the FH a rea . Access to 
the FH a r e a -will be l imited to those personnel having di rect re lat ionship 
-with the Zero Power Reactor faci l i t ies . Vis i tors may have access to the 
facil i t ies only under e sco r t The th i rd a r e a v/hich consis ts of the basement 
se rv ice a r ea (Mechanical Equipment Room No. 1) and the penthouse serv ice 
a r e a (Mechanical Equipment Room No. 3) a re also l imited access a r e a s . 
The entrance doors to these a r e a s a re normal ly locked during reac to r 
operat ion. Access to these a r e a s by authorized personnel may be accom­
plished by obtaining a key for these a r e a s from the Securi ty Guard. 

The in ter ior ent rance door to the FH a rea , vault -workroom doors , 
vault and the ex te r ior doors to the r eac to r cells and control rooms are 
protec ted by an a l a r m sys tem. The opening of any of these doors in an 
unauthorized manner act ivates the Labora to ry secur i ty a l a rm sys tem. 
Steel b a r s instal led in the ventilating duct sys tems going into the FH a r ea 
will prevent unauthorized entrance to the a r e a through these openings 

All ex ter ior doors to the Reactor Phys ics Labora tory except pe r ­
sonnel ent rance doors outside of the FH area , are normal ly locked. The 
key for these doors is under the supervis ion of the Building Superintendent 
and may be used when special access is des i red . During nonworking hours , 
access to the Reactor Phys ics Labora to ry building outside of the FH a r ea 
is gained by obtaining a key for the building from a guard post . 

F . Fuel Storage Management 

The fissionable m a t e r i a l used as fuel for ZPR-6 and -9 will be 
s to red ei ther in the vault for the r eac to r cell or in the facility. 

The SM (Special Mater ia l s ) r epresen ta t ive i s sues fuel, in units not 
to exceed 6 kg of ^^^u/or 4.6 kg of plutonium from the vault to the workroom 
-when drawer- loading operat ions a re in p r o c e s s . Fuel -will, in genera l , be 
brought out of the vault in the b i rdcages . No m o r e than three d rawers may 
be in p roces s of e i ther loading or unloading at any one t ime . During the 
unloading operation, no m o r e than three or the number of d rawers c o r r e ­
sponding to 6 kg of -̂̂ Û content or 4.6 kg of plutonium whichever is l e s s , will 
be unloaded at a given t ime . The ^̂ ^U or plutonium w^ill be r e s t o r e d to the 
vault in b i rdcages immedia te ly after removal from the dra-wers. 



Chapter VIII 

OPERATION 

A. Loading 

P r i o r to commencement of loading, the Assembly Coordinator -will 
plan carefully the type of assembly to be const ructed in the ZPR-6 or -9 
fac i l i t ies . He w^ill have available p r e l im ina ry theore t ica l calculat ions of 
such p a r a m e t e r s as c r i t ica l m a s s and -worth of fuel dra-wer to guide him in 
the design of the loading. In large cores in which the fuel drawer worth is 
smal l , he -will add the p roper number of inser t ion- type safety rods to each 
half of the assembly so that the re will be a min imum of 2% Ak/k shutdown 
available due to the action of the dual -purpose rods and inser t ion safety 
r o d s . The bas i s for the select ion of the number and location of these 
safety rods will be provided by calculat ions for that assembly p r io r to 
loading or from previous exper iments on a s imi la r assembly . The -worth 
of the safety rods to mee t above r equ i r emen t s -will be verif ied after 
cr i t ica l i ty is attained. 

The Assembly Coordinator -will see that f i r s t a Reactor Loading 
Record (Fig. VIII-1) for each half of the facility is completed. This will 
designate the type of loading to go into each m a t r i x tube. The Dra-wer 
Master (Fig. VIII-2) will then be made out for each type of d rawer ; these 
char ts indicate the corxiposition in t e r m s of fuel, blanket, and s t ruc tu ra l 
m a t e r i a l in the dra-wer. These char t s are used to load and check the 
dra-wers -which a re numbered to cor respond to their location in the r eac to r . 

After obtaining the approval of the r equ i r ed number of Reactor 
Supervisors for the Reactor Loading Record, the Assembly Coordinator or 
his designated represen ta t ive -will supervise the loading of the dra-wers 
based on the Drawer Mas te r in the vault workroom. 

The Special Mater ia l s (SM) Representa t ive -will r e l e a se fuel from 
the vault upon presenta t ion of a p roper ly authorized Drawer Mas t e r . The 
foUo-wing steps a re i l lus t ra t ive of the p rocedures taken by the SM r e p r e ­
sentative and loading crew during loading operat ion. 

1. Storage containers (birdcages) for the fuel will be removed 
from the vault and brought to the workroom as shown in F ig . VIII-3. Up to 
30 unopened b i rdcages may be t empora r i l y s tacked against the south wall . 
They will be s tored the re until the pa r t i cu la r fuel plate size they contain is 
needed in the drawer loadings. The actual number of b i rdcages s tacked in 
r ead iness will be de te rmined by the size of the loading or loading change 
and the different types of fuel needed in a loading. The level of neutron and 
gamma radiat ion existing in the room may also be a l imiting factor . 
A Special Mater ia l s Representa t ive will be responsib le for these ac t iv i t ies . 
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ZPR-6 

UNCONHRMED REACTOR LOADING RECORD 

(Two Reac tor Superv i so r s Required fo r Reactor S t a r t u p ) 

Approved By Date Assembly No. 

Loading No. 

DRAWER NO. 

S M ROW COL. 

STATIONARY HALF 

MASTER 

NO. 

KILOGRAMS 
^235 P u " l Pu241 

CH'K'D 

BY 

MOVEABLE HALF 

MASTER 

NO. 

KILOGRAMS 
U235 p,239^p,241 

CH'K=D 

BY 

ASSEMBLY 

LOADING 

CH'K'D BY 

TOTAL DRAWERS LOADED WITH FUEL 

TOTAL Kg Pu^^^+Pu^''^ IN CORE 

TOTAL Kg U^^^ IN CORE 

ESTIMATED REACTIVITY CHANGE 

NET CHANGE IN Kg Pu^^^+Pu^''^ 

NET CHANGE IN Kg U^^^ 

RP-71 (4-7-69) 
Fig. VIII-1 



ZPR-6 
DRAWER MASTER 

Master No. 

Assembly No. 

Drawer Type . 

Loading No.. 

Date . 

Reactor Supervisor. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

16 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

J 4 } i 10 12 14 16 18 20 22 24 

/ 

26 28 30 32 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

MT'L THICKNESS 

COLOR 

1 « 1/2 « T 

2 I 1/2 I T 

1 I 1 1 T 

2 I 1 I T 

2 I 2 I T 

2 I 3 I T 

TOTAL WTS. 

u«" 

NO. 
PCS. 

GROSS 
WT. 

29 
WT. 

u«" 

NO. 
PCS. 

CORE 
WT. 

25 
WT. 

BLNKT. 
WT. 

NO. 
PCS. 

CORE 
WT. 

BLNKT. 
WT. 

NO. 
PCS. 

CORE 
WT 

BLNKT. 
WT. 

NO. 
PCS. 

CORE 
WT. 

BLNKT. 
WT. 

NO. 
PCS. 

CORE 
WT. 

BLNKT. 
WT. 

P«-A1 ALLOY 

NO. 
PCS. 

GROSS 
WT. 

239*24 
WT. 

Po-Mo-U ALLOY 

NO. 
PCS. 

GROSS 
WT. 

239t24l 
WT. 
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Fig. Vm-3 

Vault Workroom Layout 



2. As c e r t a i n fuel p l a t e s a r e n e e d e d in the d r a w e r l o a d i n g s , t he 
b i r d c a g e con ta in ing tha t s i z e w^ill be drav^n f r o m the s t o r a g e s t a c k and 
m o v e d into the p r o c e s s i n g hood . 

3. E a c h b i r d c a g e e n t e r i n g the p r o c e s s i n g hood wi l l be f i r s t con­
n e c t e d to the f lush ing and m o n i t o r i n g s y s t e m b e f o r e b e i n g o p e n e d to the 
a t m o s p h e r e . T h i s is a c c o m p l i s h e d by m a k i n g c o n n e c t i o n s to s p e c i a l 
f i t t i n g s . The a i r w i th in the b i r d c a g e wi l l be p u r g e d t h r o u g h a m o n i t o r i n g 
s t a t i o n w^here a lpha a c t i v i t y •will be m o n i t o r e d . If t he b i r d c a g e sho^ws no 
c o n t a m i n a t i o n it •will be o p e n e d and i t s con t en t s •will be p l a c e d on the 
p r o c e s s hood c o n v e y o r a s n e e d e d in the load ing o p e r a t i o n s . E m p t y b i r d ­
c a g e s •will be iden t i f i ed a s s u c h and p r o m p t l y m o v e d to the s t o r a g e a r e a 
a long the •west •wall. B i r d c a g e s i n d i c a t i n g a s u s p e c t condi t ion , e i t h e r 
v i s u a l l y o r t h r o u g h the f lush ing m o n i t o r i n g s y s t e m , •will be r e s e a l e d and 
m o v e d into a g lovebox •which i s l o c a t e d a g a i n s t the e a s t •wall. T h e r e i t •will 
be o p e n e d for a c o m p l e t e e x a m i n a t i o n and f u r t h e r m o n i t o r i n g of ind iv idua l 
fuel p l a t e s . R u p t u r e d o r s u s p e c t fuel p l a t e s w^ill be b a g g e d out of the g l o v e ­
b o x in s e a l e d p o l y e t h y l e n e b a g s and f o r w a r d e d to R e c l a m a t i o n o r the 
M a t e r i a l s S c i e n c e D iv i s ion for d i s p o s i t i o n , 

4 . F u e l p l a t e s •will be t r a n s p o r t e d to t h e end of the p r o c e s s i n g 
hood c o n v e y o r •where t h e y a r e r e m o v e d for d inaens iona l c h e c k i n g u s i n g g o -
n o - g o g a u g e s . If a p l a t e i s found to be o v e r s i z e o r other^wise d e f o r m e d , o r 
if i t a p p e a r s to be d a m a g e d by m i s h a n d l i n g , it -will be s u r v e y e d and if c l e a n 
p l a c e d in the h e l i u m l e a k d e t e c t o r to d e t e r m i n e if the i n t e g r i t y of the j a c k e t 
h a s b e e n v i o l a t e d . (The f inal we ld w h i c h c l o s e s the s t a i n l e s s s t e e l j a c k e t 
i s done in a c h a m b e r f i l l ed w^ith h e l i u m - a r g o n g a s u n d e r about 1/2 a t m o s ­
p h e r e of n e g a t i v e p r e s s u r e t h e r e f o r e , h e l i u m can be d e t e c t e d if a p l a t e 
j a c k e t i s c r a c k e d , p u n c t u r e d o r other^wise d a m a g e d to the po in t of l e a k i n g , ) 
All a c c e p t a b l e p l a t e s •will be p l a c e d on the load ing c o n v e y o r for t r a n s p o r t 
to the load ing hood. C o n t a m i n a t e d o r l e ak ing p l a t e s •will be s e a l e d in 
po lye thy l ene b a g s . D a m a g e d p l a t e s and p l a t e s •which fa i l the g o - n o - g o gauge 
t e s t wi l l be h e l d s e p a r a t e l y f r o m the b a l a n c e of the p l a t e s and r e p a i r e d if 
p o s s i b l e . The a c c o u n t a b i l i t y and hand l ing of a l l p l a t e s not a c c e p t e d for 
dra^wer l o a d i n g s •will b e c o n t r o l l e d by the S p e c i a l M a t e r i a l s R e p r e s e n t a t i v e . 

5. A c c e p t a b l e fuel p l a t e s •will be r e m o v e d f r o m the load ing con­
v e y o r a t the d e l i v e r y po in t in the load ing hood. In t h i s hood, the fuel p l a t e s 
a r e l o a d e d into d r a w e r s w h i c h have b e e n p r e l o a d e d w i th n o n f i s s i o n a b l e 
m a t e r i a l s on the p r e l o a d i n g t a b l e s a d j a c e n t to the load ing hood . 

6. The l o a d e d draw^ers a r e p u s h e d a long a r o l l e r f i t t ed c o n v e y o r 
p a t h to the t r a n s f e r p o r t s t h r o u g h •which t h e y a r e d e l i v e r e d in to t h e r e a c t o r 
c e l l . F i n a l i n s p e c t i o n of the l o a d e d dra^wer •will be m a d e •while the dra^wer 
i s on the c o n v e y o r e x t e n s i o n for Z P R - 9 and on the c o n v e y o r c a r t for Z P R - 6 . 

E a c h dra^wer i s n u m b e r e d to c o r r e s p o n d •with the n u m b e r of a m a t r i x 
tube to a id in the c o r r e c t load ing of the a s s e m b l y . The R e a c t o r L oad i ng 
R e c o r d (F ig . VI I I -1 ) , i n d i c a t e s the p r o p e r load ing for e a c h t u b e . 
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During and after loading, a cu r ren t Master Loading Char t , sho^wing 
a c ro s s section of each half of the assembly , is kept in the control room. 
It sho^ws the complete loading of the assembly at all t i m e s . The Assembly 
Coordinator is responsib le for seeing that all changes in assembly loading 
a re sho^wn on these char t s immedia te ly after such changes a re made . 

The blanket may be loaded di rect ly into the reac tor in the r eac to r 
cell since this m a t e r i a l is s to red t h e r e . The la rge blanket pieces can be 
loaded di rec t ly into the m a t r i x tubes, the dra"wers being omitted in this 
section, if infrequent changes a re anticipated. 

Unloading operat ions •will be, in genera l , the r e v e r s e of loading 
opera t ions , the SM represen ta t ive checking all fuel plates back into the 
vault as the dra^wers a re unloaded. Each dra^wer, ho^wever, need not be 
checked against its Dra^wer Mas t e r . No more than 6 kg of ^̂ ^U or 4.6 kg 
of contained plutonium •will be unloaded from the dra^wers at any given t ime . 
The foUo^wing steps a re i l lus t ra t ions of the p rocedures used for the unload­
ing of fuel. 

1. Matr ix dra^wers •withdra^wn from the r eac to r •will be del ivered 
through the t rans fe r por t s to the loading hood via the ro l le r conveyor. 

2. Fuel plates •will be removed from each m a t r i x dra^wer, checked 
for contamination, and placed on the unloading conveyor for t r anspo r t to 
the cleaning hood. 

3. Contaminated and /o r dir ty plates will be loaded into a basket , 
•which is designed to hold a l imited number in a fixed configuration, then 
placed in an u l t rasonic c leaner . 

4. Cleaned plates •will then be t r a n s f e r r e d into the process ing hood 
•where they will be gauged again for size conformance. Leak test ing •will be 
repea ted on any plate •which has changed in size during its t ime in the r e a c ­
to r . All clean, leak tight and p roper ly s ized fuel plates •will then be placed 
on the p rocess ing hood conveyor and re tu rned to a posit ion •where they may 
be re loaded into b i rdcages . 

5. The empty b i rdcages •will be brought to the process ing hood as 
needed and re loaded with the fuel p l a t e s . Each bi rdcage will be marked in 
such a •way so that only plates of a pa r t i cu la r size and of a par t i cu la r alloy 
may be loaded into it. Such loadings •will be superv ised by the Special 
Mater ia l s Represen ta t ive . 

6. Loaded b i rdcages •will be re tu rned to the vault for s to rage . 

B. Reactor Startup 

A number of in ter lock r equ i remen t s mus t be met before the 
r eac to r can be opera ted . Cer ta in reqt i i rements should be satisfied before 
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o t h e r s . The fo l lowing i s an a c c e p t a b l e o r d e r i n g of a d m i n i s t r a t i v e and 
e l e c t r o m e c h a n i c a l - i n t e r l o c k r e q u i r e m e n t s a t i s f a c t i o n , and c o n t r o l m a n i p u ­
l a t i o n to o p e r a t e the r e a c t o r . 

A d m i n i s t r a t i v e R e q u i r e m e n t s 

1. The O p e r a t o r s •will p e r f o r m the da i ly r e a c t o r - m a i n t e n a n c e 
c h e c k and s u b m i t the c h e c k o u t f o r m to the R e a c t o r M a n a g e r o r h i s a l t e r n a t e 
to ob t a in a p p r o v a l for the d a y ' s o p e r a t i o n . 

2. The R e a c t o r S u p e r v i s o r •will i n s p e c t the log book for any 
u n u s u a l cond i t i ons p r e v a i l i n g f r o m p r e v i o u s r u n s and b e g i n e n t r i e s in the 
log book . 

3. V i s u a l l y c h e c k the r e a c t o r ce l l to m a k e s u r e t h a t no p e r s o n n e l 
a r e in the ce l l and for obv ious h a z a r d s . 

4 . The R e a c t o r S u p e r v i s o r -will s e l e c t f r o m one to four fue led r o d s 
and up to two ^°B r o d s in e a c h half a s c o n t r o l r o d s . (See C h a p t e r ' V I I for 
r o d •worth r e q u i r e m e n t s . ) 

I n t e r l o c k R e q u i r e m e n t s 

1. R e s e t i n s t r u m e n t l e v e l and p e r i o d t r i p s , and if n e c e s s a r y , the 
h igh v o l t a g e i n t e r l o c k s on the c h a m b e r po^wer s u p p l i e s . 

2. D r a w e r t r a n s f e r p o r t s in b o t h the ce l l and the vau l t w o r k r o o m 
m u s t be c l o s e d . 

3. All p e r s o n n e l and f r e i g h t d o o r s in to the ce l l m u s t be c l o s e d . 

4 . A i r cond i t ion ing m u s t be in " c l o s e d " p o s i t i o n , in o r d e r to i s o l a t e 
the ce l l a i r f r o m the bu i ld ing a i r in c a s e of an a c c i d e n t , and t u r n e d on . 

5. E m e r g e n c y t a b l e d r i v e a i r p r e s s u r e m u s t e x c e e d 400 p s i g and 
the m o v a b l e t a b l e m u s t be in i t s f a r t h e s t out p o s i t i o n . 

6. B o r o n s a f e ty r o d s m u s t e i t h e r be i n s t a l l e d o r b y p a s s e d by 
s p e c i a l d u m m y j a c k s . 

7. All of the d u a l - p u r p o s e r o d s m u s t be c o n n e c t e d and e i t h e r in 
the " c o n t r o l " o r " s a f e t y " p o s i t i o n (not in the "off" p o s i t i o n ) . 

8. A r g o n g a s p r e s s u r e m u s t be g r e a t e r t h a n a p r e s e t v a l u e . 

S t a r t u p P r o c e d u r e 

1. T u r n on the Ma in P o w e r ( " S u p e r v i s o r y " ) Key to p r o v i d e the 
e l e c t r i c p o w e r for the c o n t r o l c h a i n . 

2. I n s e r t the s t a r t u p s o u r c e s into e a c h half of the r e a c t o r and 
r e s e t the lo^w-level t r i p i n t e r l o c k s on c h a n n e l s 1 and 2. 
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3. Depress ing the control po^wer "on" s^witch will acquire 
control pow^er. 

4. If poison-type safety blades a r e used, they a re latched and 
driven to thei r full "out" posit ion. Dual-purpose safety rods a re latched 
and driven to their full "in" posit ion. (See Chapter VII--for rod •worth 
requ i rements .) 

5. Turning the Table Key on, and depress ing the 25 c m / m i n "in" 
button "will provide po^wer to drive the table from its full "out" position 
(152 cm) to the f i rs t stop at 45 cm at a ra te of 25 c m / m i n . 

6. When the table stops at the 45 cm position, the block can be 
r a i s ed and the table dr iven to the second stop at 7.5 cm at a ra te of 
5.1 c m / m i n . 

7. At the 7.5 cm position, the second block can be r a i s ed and the 
table dr iven to its full c losure position at a ra te of 0.42 cm/nain. 

8. With the tables together; the control rods can be driven in, 
one at a t ime, to achieve cr i t ica l i ty . 

9. Ei ther short ly before, during, or after cr i t ica l i ty is achieved, 
the s ta r tup sources a r e removed. The exact t ime to do this is largely 
a ma t t e r of exper ience . 

10. Any of the following occur rences will cause the reac tor to s c r a m : 

a. removal of the Table Keyj 
b . loss of console e lec t r i ca l power; 
c. initiation of ins t rument t r ip c i rcui ts caused by: 

(1) too high a flux level (channels 4, 5, and 6); 
(2) a per iod fas ter than a p r e s e t value of about 10 sec 

(channels 7 and 8); on an adjustable per iod t r ip c i rcui t . 
(3) a per iod shor te r than a fixed 5 sec (channels 7 and 8); 
(4) loss of voltage on any ionization chamber; 

d. loss of voltage for ca r r i age dr ive clutches; 
e- opening of any of the five cell doors ; 
f opening of any of the six drawer por t s ; 
g. opening of any of the four butterfly valves associa ted 

with the air handling sys tem; 
h. safety rods not connected and/or suitably bypassed if 

they a r e not being used; 
i. operat ion of one of the manual s c r a m buttons; 
j . lô w s t eam p r e s s u r e ; 
k. lô w argon gas p r e s s u r e . 

C. F i r s t Approach to Cr i t ica l 

During an approach to cr i t ica l i ty •with a new composition or geometry, 
the f i r s t loading--for •̂'̂ U fueled c o r e s - - h a s one- thi rd to one-half of the 
calculated c r i t i ca l m a s s . The lower value is used for those cores •which 



a r e s u b s t a n t i a l l y d i f fe ren t f r o m c o r e s p r e v i o u s l y s t u d i e d . The load ing of 
the f ac i l i t y i s al^ways s t a r t e d by f i l l ing the d u a l - p u r p o s e c o n t r o l / s a f e t y r o d 
dra-wers •with the p r o p e r a m o u n t of fuel and d i luen t m a t e r i a l f i r s t . 

Af ter the a s s e m b l y h a s i t s p r o p e r i n i t i a l n u m b e r of d r a w e r s f i l l ed 
•with fuel , b l a n k e t , o r s t r u c t u r a l m a t e r i a l , m u l t i p l i c a t i o n m e a s u r e m e n t s a r e 
s t a r t e d . M u l t i p l i c a t i o n m e a s u r e m e n t s a r e m a d e a f te r e a c h s t e p in l oad ing , 
w i th the c o n t r o l r o d s b o t h in t h e i r in and out p o s i t i o n s . 

Af ter e a c h m u l t i p l i c a t i o n m e a s u r e r a e n t , a n e w e s t i m a t e of the 
c r i t i c a l i n a s s •will be m a d e g r a p h i c a l l y . A r e a s o n a b l e a m o u n t of fuel , t ak ing 
into c o n s i d e r a t i o n the e s t i m a t e d w o r t h of the c o n t r o l and s a f e ty r o d s , i s 
n e x t i n s e r t e d into the r e a c t o r . Th i s a m o u n t i s a p p r o x i m a t e l y o n e - t h i r d to 
o n e - h a l f of the d i f f e r ence betw^een the ne^w e s t i m a t e of the c r i t i c a l m a s s and 
the p r e s e n t fuel l oad ing for ^^^U fue led c o r e s d u r i n g the e a r l y s t a g e s of the 
m u l t i p l i c a t i o n . When the r e a c t o r i s c l o s e to c r i t i c a l an a m o u n t of fuel is 
i n t r o d u c e d into the c o r e s u c h t h a t the t o t a l fuel in the r e a c t o r i s a l i t t l e 
g r e a t e r t h a n the e s t i m a t e d c r i t i c a l m a s s •with the c o n t r o l r o d s in t h e i r m o s t 
r e a c t i v e p o s i t i o n so t h a t the r e a c t o r v/ill go c r i t i c a l u s i n g the c o n t r o l r o d s . 

The i n c r e m e n t of fuel added to the r e a c t o r d u r i n g a l l s t a g e s of the 
a p p r o a c h to c r i t i c a l wi l l be s u c h t h a t the t o t a l a m o u n t of fuel in the r e a c t o r 
•will be l e s s t h a n the e s t i m a t e d c r i t i c a l m a s s •with the c o n t r o l r o d s in t h e i r 
l e a s t r e a c t i v e p o s i t i o n . 

F o r P u fue led s y s t e m s the i n i t i a l l oad ing "will no t e x c e e d o n e - t h i r d 
of the c a l c u l a t e d c r i t i c a l m a s s . S u b s e q u e n t l o a d i n g s p r i o r to a c h i e v i n g an 
i n d i c a t e d m u l t i p l i c a t i o n of t e n wi l l no t e x c e e d o n e - h a l f of the d i f f e r ence 
b e t w e e n the e s t i m a t e d c r i t i c a l m a s s and the m a s s of the e x i s t i n g fuel l o a d ­
ing . L o a d i n g s s u b s e q u e n t to a c h i e v i n g a m u l t i p l i c a t i o n of t e n •will be no 
g r e a t e r t h a n o n e - h a l f the d i f f e r ence bet^ween the p r e s e n t fuel load ing and 
the e s t i m a t e d c r i t i c a l m a s s w^ith a l l c o n t r o l r o d s in t h e i r l e a s t r e a c t i v e 
p o s i t i o n . 

D. R e a c t o r Shutdo^wn 

The r e a c t o r wi l l be shu t down by p u s h i n g the m a n u a l s c r a m bu t ton , 
o r a s a c h e c k of the i n t e r l o c k c i r c u i t s , by r e p r o d u c i n g any of the o c c u r ­
r e n c e s in s t e p 10 u n d e r R e a c t o r S t a r t u p . The d u a l - p u r p o s e r o d s a r e u s u a l l y 
d r i v e n out of the c o r e and the b o r o n r o d s into the c o r e b e f o r e the s c r a m . 

The i n s t r u m e n t a t i o n wi l l be o b s e r v e d so t h a t a l l of the d u a l - p u r p o s e 
r o d s and the b l a d e i n s e r t i o n r o d s a r e kno^wn to be in t h e i r l e a s t r e a c t i v e 
p o s i t i o n s fo l lowing s c r a m o p e r a t i o n . A l s o , t he s e p a r a t i o n of the two h a l v e s 
•will be follo^wed •with the p o s i t i o n i n d i c a t o r s a n d / o r on the c l o s e d c i r c u i t TV. 
(Both f a c i l i t i e s have a r e d m o n i t o r i n g l igh t to i n d i c a t e e v e r y t h i n g is in i t s 
l e a s t r e a c t i v e s t a t e . ) 
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The r e c o r d e r s •will be turned off, the keys removed from the console, 
and re tu rned to the Reactor Manager and the Assembly Coordinator or put 
into the key cabinet through the slot provided. 

The n e c e s s a r y en t r ies •will be checked and completed in the log book. 

E . Limitat ions on Po^wer Level 

As •with the ^̂ ^U co re s , the average po^wer level and duration of a 
run •will be de termined by the exper iment in p r o g r e s s . The integrated 
power is normal ly l imi ted to a few watt hours per day in ^̂ ^U sys tems for 
p rac t i ca l r e a s o n s . The SAR (Ref. 1) specified a maximum average po^wer 
level of 500 W and es t imated that the total in tegrated po^wer •would not 
exceed 2 kW hr per yea r . The resul t ing Pu buildup under these conditions 
is negligible. 

The integrated po^wer for any given run -will be kept as lô w as is 
consistent •with data acquisit ion and fuel handling r equ i r emen t s , and a c c e s ­
sibili ty to the r eac to r core follo^wing the run. The average fission fuel 
po^wer density shall not exceed 50 W/kg of f issi le fuel for cores containing 
up to 200 kg of f issi le fuel and 10 w / k g of f iss i le fuel for cores containing 
more than 200 kg of f iss i le fuel. The total in tegrated power shall not exceed 
500 kW hr during any single extended run. In addition the maximum oper­
ating m a t r i x t empe ra tu r e •will be l imited to 95°C. 

F . T ime-of -Fl ight Spectra Measurements 

Neutron spec t rum m e a s u r e m e n t s using the 100 m t ime-of-f l ight tube 
•will be made only w^hen the reac to r is kno^wn to be subcr i t ica l with a kgff 
no g rea t e r than 0.98 -with all rods in their mos t react ive posit ion. The 
foUo^wing procedure •will be follo^wed for t ime-of-f l ight m e a s u r e m e n t s . 

(1) When t ime-of-f l ight spec t ra m e a s u r e m e n t s a re not being made 
the flight tube and charged par t i c le beam tube penetrat ions through the cell 
•walls "will be filled -with shielding plugs and covered by flange p la tes . The 
cell containment w^ill be raaintained by these flange plates backed up by 
valves located on the outside of the cel l . 

(2) Before the shield plugs and flange plates a re removed, the 
r eac to r Avill be loaded to c r i t i ca l and the core "confirmed." 

(3) Using the m e a s u r e d rod cal ibrat ion and edge worth of fuel and 
core m a t e r i a l s as a bas i s for an es t ima te , sufficient fuel and core m a t e r i a l s 
will be removed from the core so that the r e a c t o r ' s keff is no g rea t e r than 
0.98 •with the control rods in their mos t react ive posit ion. 



(4) Following the removal of fuel and /or core m a t e r i a l s , the r eac to r 
•will be a s sembled in the usual manner and confirmed that it is subcr i t ica l 
•with all of the rods in the i r mos t reac t ive posit ion. 

(5) The inner s tee l valves for the t̂ wo penetra t ions •will be put 
in p lace . 

(6) The flight tube and charged par t ic le beam tube •will then be 
evacuated and tes ted for l eaks . 

(7) If these sys t ems a re leak tight then the sys tem is considered 
ready for t ime-of-f l ight spec t r a m e a s u r e m e n t s . 

(8) The r eac to r •will then be r e a s s e m b l e d and pulsed using an 
auxi l iary neutron sou rce . 

(9) FoUo^wing the completion of the t ime-of-f l ight m e a s u r e m e n t s , 
the inner valves •will be removed, the concrete shield plugs •will be inse r ted 
into the hole in the concrete •wall, and flange pla tes put back in p lace . 

G. P r o c e d u r e s 

In Chapters VII, VIII and IX, a proposed set of p rocedures and rules 
for s ta r tup , operat ion, shutdo^wn, and maintenance of the ZPR-6 and -9 
faci l i t ies have been outlined. These ru les and p rocedure s conform to those 
es tabl ished and in cu r ren t use at the c r i t i ca l faci l i t ies on the Illinois Site. 
They have been based on past exper ience •with fast c r i t i ca l exper iments and 
a re anticipated to fulfill adminis t ra t ive r equ i remen t s for the operat ion of 
these fac i l i t ies . They should, however, be cons idered i l lus t ra t ive of the 
pr inc ip les used for the safe operat ion of these faci l i t ies r a the r than f i rm 
commi tments . It should be recognized that these p rocedures and ru les may 
change "with t ime in o rde r to facili tate the operat ion of these faci l i t ies for 
r eac to r physics expe r imen t s . When modifications or additions to these 
ru les or p rocedures a re proposed, they will be incorpora ted into these 
p rocedures only after careful revie^w and approval by appropr ia te Labora ­
tory management . 
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Chapter IX 

TEST AND MAINTENANCE PROCEDURES 

A var ied test ing p r o g r a m has been developed to insure that all of 
the components of the ZPR-6 and -9 facility a r e in good working o r d e r . 
Depending on the pa r t i cu la r component, it may be t e s t ed or checked on 
a daily, weekly, monthly, semiannual ly or annual b a s i s . The a r ea s which 
are checked may be divided into th ree major a r e a s : Reactor , Cell, and 
Confinement Shell. It is proposed in the following sect ions to descr ibe 
the t e s t s and frequency of t e s t s of the var ious components of the ent i re 
facil i ty. 

A. Reactor Faci l i ty 

1. Nuclear Ins t rumenta t ion 

As a pa r t of the daily checkout of the r eac to r all of the nine 
channels of operat ing ins t ruraents a re checked. This is accomplished by 
placing a neutron source nea r the detector and observing the response of 
the amplif ier . The operat ion of the t r ip c i rcu i t s associa ted with these 
channels is also observed. Ins t ruments and/or t r ip c i rcu i t s which have 
been r epa i r ed a re checked out in detail •with a cur ren t source , per iod 
genera tor or appropr ia te t es t equipment. 

The nuclear ins t ruments cal ibrat ion is checked in a detailed 
manner on a semiannual b a s i s . 

2. E lec t r i ca l Circui ts 

Once each year the ent i re control c i r cu i t ry is inspected in an 
at tempt to locate broken or burned w i r e s , faulty or de ter iora t ing re lays 
or swi tches . All of the contacts of r e l ays a r e inspected during this annual 
inspection to insure that the re a re no welded, pitted or burned contacts . 

The operat ion of the emergency po^wer source (steam turbine 
genera tor ) •will be checked qua r t e r ly under full load conditions to insure 
that the po-wer source comes on to line -within the specified 20 sec in terval . 

Sc ram operat ion (loss of control power) by the operat ion of 
s c r a m buttons, opening of doors , drawer por t s is checked on a monthly 
b a s i s . 

The fire a l a r m sys tem associa ted •with the r eac to r cells and 
control rooms is checked on a monthly b a s i s . 

3. Mechanical Components 

The dual purpose rod dr ives and safety blade dr ives a re 
inspected once a month. The rod drive speeds and the s c r a m t imes a re 



a l s o c h e c k e d on a m o n t h l y b a s i s . The d r i v e s p e e d s and s c r a m t i m e s a r e 
c o m p a r e d -with a v e r a g e v a l u e s o b t a i n e d o v e r a p e r i o d of t i m e . 

The m o v a b l e t a b l e d r i v e s p e e d s , b o t h c l o s u r e and s c r a m o p e r a ­
t ion a r e c h e c k e d on a m o n t h l y b a s i s . The t a b l e s p e e d m u s t c o n f o r m to 
e s t a b l i s h e d v a l u e s in t h e p r o p e r r a n g e . The m o t o r c u r r e n t is a l s o c h e c k e d 
to s e e t h a t t h e r e is no o v e r l o a d on t h e s y s t e m . 

The a r g o n p u r g e s y s t e m p r e s s u r e i s v i s u a l l y i n s p e c t e d on a' 
da i ly b a s i s to i n s u r e t h a t an a d e q u a t e c a p a c i t y is a v a i l a b l e . 

The a r g o n p u r g e s y s t e m is c h e c k e d s e m i a n n u a l l y by opening 
the v a l v e s for a s h o r t p e r i o d of t i m e and a l lowing s o m e of the s t o r e d gas 
into the c e l l s . 

The b o t t l e d n i t r o g e n supp ly p r e s s u r e for the s c r a m a i r m o t o r 
d r i v e is c h e c k e d da i ly to i n s u r e t h a t an a d e q u a t e supp ly of a i r i s a v a i l a b l e 
for s c r a m o p e r a t i o n wi thou t p o w e r . 

The load ing p l a t f o r m d r i v e m e c h a n i s m and n e u t r o n s o u r c e d r i v e 
m e c h a n i s m s a r e i n s p e c t e d on a m o n t h l y b a s i s and s e r v i c e d a s n e e d e d . 

The a l i g n m e n t of the r o d d r i v e s , m a t r i x a s s e m b l y a r e c h e c k e d 
on a s e m i a n n u a l b a s i s . 

B . R e a c t o r C e l l 

1. Ce l l L e a k a g e T e s t P r o c e d u r e 

a. A c c e p t a b l e L e a k a g e C r i t e r i o n 

The l e a k a g e of a i r f r o m the r e a c t o r c e l l s i s c o n s i d e r e d 
a c c e p t a b l e if the l e a k a g e r a t e i s l e s s t h a n the e q u i v a l e n t of 1% p e r hou r of 
the c o n t a i n e d g a s e s as m e a s u r e d o v e r a n o m i n a l 4 - h r p e r i o d at 10 p s i g . 

b . T e s t P r o c e d u r e 

(1) I n s t a l l T e s t E q u i p m e n t 

A p r e s s u r e d e t e c t o r and 2 4 - h r c h a r t r e c o r d e r a r e 
c o n n e c t e d to the ce l l for con t inuous p r e s s u r e m o n i t o r i n g . 

(2) E s t a b l i s h Ce l l I n t e g r i t y 

(a) S e c u r e f lange c o v e r i n g n o r m a l ce l l e x h a u s t s y s t e i n . 

(b) C l o s e n o r m a l p e r s o n n e l e n t r a n c e , p e r s o n n e l e s c a p e 
h a t c h , f r e i g h t a c c e s s doo r , and d r a w e r p o r t s . 
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(3) P r e s s u r i z e Ce l l to 10 ± 0 .5 p s i g 

The No . 1 and 2 c o m p r e s s e d a i r supp ly s y s t e m i s u s e d 
s i n c e it p r o v i d e s o i l - f r e e roo rn t e m p e r a t u r e a i r and an e a s i l y r e g u l a t e d 
flo^w r a t e . 

(4) M o n i t o r T e s t E q u i p m e n t 

The p r e s s u r e c h a r t r e c o r d e r and ce l l t e m p e r a t u r e 
a r e m o n i t o r e d to i n s u r e p r o p e r o p e r a t i o n and to d e t e r m i n e the v a r i a t i o n 
of the l e a k a g e r a t e w i th t i m e . 

c . A n a l y s i s 

The a c c e p t a n c e c r i t e r i o n is a p p l i e d to the da t a in the 
follo^wing m a n n e r : 

I dea l Gas Law: P i V i / n j T i = P2V2/n2T2 

•where 

P i 

Ti 

n i 

Pz 

Ti 

nz 

Vi 

Therefore 

= 

= 

= 

= 

= 

= 

= 

Initial Cell P r e s s u r e (Absolute) 

Initial Cell Tempera tu re 

Initial Gas Mass in Cell 

Final Cell P r e s s u r e (Absolute) 

Final Cell Tempera tu re 

Final Gas Mass in Cell 

V2 = Cell Volume. 

P p i n a l ^ t l - 0 0 0 - 0 . 0 1 0 x ( h r ) ] ( T p i ^ ^ / T j ^ i , i ^ l ) P l ^ i , i ^ l 

m u s t b e s a t i s f i e d so t h a t n z / n j > [ l .000 - O.OlOx ( h r ) ] . 

d. T e s t i n g F r e q u e n c y 

The r e a c t o r c e l l s •will be t e s t e d in a c c o r d a n c e •with t h i s 
t e s t p r o c e d u r e on an annua l b a s i s . 

2. N o r m a l E x h a u s t S y s t e m 

The v a l v e s and fans a r e u s u a l l y o p e r a t e d on a da i ly b a s i s bu t 
a d e t a i l e d i n s p e c t i o n of t h e s e c o m p o n e n t s •will be c o n d u c t e d on an annua l 
b a s i s . 
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The p r e s s u r e d r o p a c r o s s the H E P A f i l t e r s wi l l be c h e c k e d on 
a m o n t h l y b a s i s . F i l t e r r e p l a c e m e n t wi l l o c c u r if the p r e s s u r e d r o p a c r o s s 
the f i l t e r e x c e e d s n o r m a l o p e r a t i n g v a l u e s . 

The ef f ic iency of the H E P A f i l t e r s wi l l be c h e c k e d on an annua l 
b a s i s u s i n g s t a n d a r d d i o c t y l p h t h a l a t e (DOP) t e s t s . 

3 . E m e r g e n c y E x h a u s t S y s t e m 

L e a k a g e T e s t s 

T h e in i t i a l t e s t i n g of the l e a k t i g h t n e s s of t h e s y s t e m wi l l be 
conduc ted a s fo l lows : 

a. Sand F i l t e r Sec t ion 

The sand f i l t e r s e c t i o n i s def ined a s t h a t p a r t of t h e e x h a u s t 
s y s t e m ex tend ing f r o m C e l l s 4 and 5 up to , but no t i nc lud ing , t h e H E P A 
f i l t e r s ( s e e F i g . I X - 1 ) . The s and f i l t e r t a n k s h a v e been t e s t e d u n d e r a 
p r e s s u r e of 50 p s i g , and no p r e s s u r e l o s s w a s d e t e c t e d for a ho ld ing t i m e 
of 30 m i n . T h e e n t i r e s and f i l t e r s e c t i o n s wi l l be l e a k t e s t e d a c c o r d i n g to 
the fol lowing p r o c e d u r e : 

1. Blank-of f f l anges wi l l be i n s t a l l e d at p o i n t s B P No . 1, 
2, 3, 4, 5, and 6 as shown in F i g . I X - 1 . T h e c h e c k v a l v e s a r e p r o p p e d open . 

2 . A p r e s s u r e gauge wi l l be i n s t a l l e d a t S P No . 1, or 
any o the r c o n v e n i e n t S P l o c a t i o n . 

Z P R - 9 BP N0.2 
CELL NO 4 i n TO 

H I t iNORMAL EXHAUST 

1' 

INSPECTION a 
ACCESS ^,^y^ 

SBV 
— > 3 - STEEL SEATED BUTTERFLY VALVE 

RBV 

—CXl— RUBBER SEATED BUTTERFLY VALVE 

•MA- CHECK VALVE 

BLANK-OFF POINT 

SAMPLE POINT 

Fig. IX-1. Flow Diagram of Emergency Exhaust System 
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3 . A i r wi l l be i n j e c t e d in to the c l o s e d s y s t e m t h r o u g h a 
c o n v e n i e n t S P p o i n t by c o m p r e s s o r . , 

4 . T h e s y s t e m wi l l be p r e s s u r i z e d to the d e s i r e d t e s t 
p r e s s u r e . 

5. Upon r e a c h i n g the t e s t p r e s s u r e , the c o m p r e s s o r s wi l l 
be shu t off. P r e s s u r e d e c a y wi l l then be o b s e r v e d for a r e a s o n a b l e p e r i o d 
of t i m e . 

T h e l e a k a g e r a t e can be ob ta ined f r o m the e x p r e s s i o n : 

L = A v / [ P ( t ) x At], (1) 

•where 

L = l e a k a g e r a t e ( f t y p s i g - m i n ) 

At = t i m e i n t e r v a l (min) 

AV = c h a n g e in v o l u m e of a i r (STP) in sand f i l t e r s e c t i o n d u r i n g At 

P /^ \ = a v e r a g e p r e s s u r e (ps ig) in s and f i l t e r s y s t e m d u r i n g the 
the i n t e r v a l At, 

The d i f f e r e n t i a l v o l u m e of a i r i s c o m p u t e d f r o m 

AV = Vi - Vf, 

w h e r e s u b s c r i p t " i " r e f e r s to q u a n t i t i e s a t the beg inn ing of the t i m e i n t e r v a l 
At, and s u b s c r i p t "f" r e f e r s to q u a n t i t i e s a t the end of the t i m e i n t e r v a l . 
Vi and Vf a r e g iven by: 

Vi = Vo[(Po + P i ) / P o ] 

Vf = Vo[(Po + P f ) / P o ] 

w h e r e P Q is a t m o s p h e r i c p r e s s u r e . P i and Pf a r e t h e m e a s u r e d gauge p r e s ­
s u r e s a t the beg inn ing and end of the t i m e i n t e r v a l , and VQ is the volunae of 
a i r in the s a n d f i l t e r s e c t i o n u n d e r no p r e s s u r e ( e s t i m a t e d to be 2000 ± 
400 ft^). T h e a v e r a g e p r e s s u r e d u r i n g At i s g iven by (P i - l -P f ) /2 . T h u s , the 
l e a k a g e r a t e i s g iven by: 

L ( f t y p s i g - m i n ) = 2Vi[ l - (PQ + P f ) / ( P o + P i ) ] / ( P i + P f ) At. (2) 

The s and f i l t e r s e c t i o n wi l l be p r e s s u r i z e d to i n i t i a l p r e s ­
s u r e of 10, 20, and 30 p s i g . The p r e s s u r e d e c a y wi l l be o b s e r v e d d u r i n g 
a p e r i o d of a t l e a s t one h o u r for e a c h of the threie in i t i a l p r e s s u r e s . 
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T h e v o l u m e , Vi, wi l l be c h e c k e d by o b s e r v i n g the p u m p i n g 
r a t e of the c o m p r e s s o r d u r i n g the p r e s s u r i z a t i o n of the s and f i l t e r s e c t i o n 
and the t i m e r e q u i r e d to fill the s e c t i o n . 

A l e a k a g e r a t e l e s s than 1,2 ( f t y p s i g - m i n ) is c o n s i d e r e d 
a c c e p t a b l e . 

b . H E P A F i l t e r Sec t i on 

T h e H E P A f i l t e r s e c t i o n i s def ined a s t ha t p a r t of the 
e x h a u s t s y s t e m i n c l u d e d b e t w e e n the p a i r s of b lank-of f f l anges B P No . 5, 
6, 1, and 8 ( see F i g . I X - 1 ) , T h i s s e c t i o n wi l l be l e a k t e s t e d a c c o r d i n g to 
the fol lowing p r o c e d u r e : 

1. Blank-of f f l anges wi l l be i n s t a l l e d a t p o i n t s B P N o . 5, 
6, 7, and 8. 

2, A w a t e r m a n o m e t e r wi l l be i n s t a l l e d a t S P No . 6. 

3 . Gas wi l l be i n j ec t ed in to t h e c l o s e d s y s t e m t h r o u g h 
S P N o . 7. T h e g a s wi l l be l e a k e d f r o m gas t a n k s a t a r a t e r e q u i r e d to m a i n ­
ta in a c o n s t a n t p r e s s u r e ( a p p r o x i m a t e l y 2 in . of w a t e r ) in the s y s t e m . 

4 , The t i m e r e q u i r e d to e m p t y the gas t a n k s wi l l be 
o b s e r v e d . 

T h e l e a k a g e r a t e i s g iven by the v o l u m e of gas l e a k e d in to 
the s y s t e m d iv ided by the t i m e to e m p t y the t a n k s and the p r e s s u r e m a i n ­
t a i n e d in the s y s t e m . A l e a k a g e r a t e of abou t 100 f t y m i n - i n . of w a t e r i s 
c o n s i d e r e d a c c e p t a b l e , 

c . F i l t e r E f f i c i ency T e s t s 

(1) Sand F i l t e r s 

T h e e f f i c iency of t h e s a n d f i l t e r s wi l l be t e s t e d w i th 
the fol lowing p r o c e d u r e : 

a. I n s t a l l b lank-of f p l a t e s B P No , 2, 3, 4, 5, and 7 
( s ee F i g . I X - 1 ) , The a i r flow p a t h is now r e s t r i c t e d to s and f i l t e r F - 3 4 . 

b . A flow r a t e of 10 -15 fpm t h r o u g h the sand f i l t e r 
sha l l be e s t a b l i s h e d wi th the r e a c t o r coo l ing fan in Ce l l No , 5. The cool ing 
fan wi l l be c o n n e c t e d to the e m e r g e n c y e x h a u s t s y s t e m at B P N o . 1. 

c. DOP c o m p r e s s e d a i r g e n e r a t e d a e r o s o l wi l l be 
i n t r o d u c e d u p s t r e a m of t h e s a n d f i l t e r (in C e l l N o . 5 n e a r B P N o . 1 l o c a t i o n ) . 

d. U p s t r e a m a i r s a m p l e s wi l l be t a k e n a t l o c a t i o n 
S P No . 1, 2, or 3 and d o w n s t r e a m s a m p l e s wi l l be t a k e n a t l o c a t i o n S P No , 5. 
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A forward light sca t te r ing aeroso l photometer will be used to obtain an on­
line analysis of these s ample s . [Minimum sensi t ivi ty is 0,002% pene t r a ­
tion (5 X 10** attenuation).] 

e. The penetra t ion will be calculated by: 

Downs t ream % aeroso l reading x 100 ^ ^ ^-
— ; —2 = 7o penetra t ion. 
Ups t r eam % ae roso l reading 

A min imum attenuation of 1 x 10 or 0.10% pene t ra ­
tion is considered acceptable . The above p rocedure is repea ted for sand 
fil ter F -33 with blank-off plate BP No, 6 in place of BP No. 5 in Step a 
and SP No. 2 and 4 replacing SP No, 3 and 5 in Step d. 

(2) HEPA F i l t e r s 

The efficiency of the HEPA fi l ters in the Emergency 
Exhaust System, Confinement Shell Exhaust , Cell , Vault, Workroom, Con­
t rol Room, and Basement Exhausts will be tes ted on an annual bas i s . The 
p rocedure to be used, shown below, for the Emergency Exhaust HEPA 
fi l ters is i l lus t ra t ive of the p rocedure to be followed for the efficiency tes t 
of the f i l t e r s . 

a. Install blank-off plates BP No. 5, 6, and 8. 

b. The confinement shell exhaust sys tem will be shut 
off and the air flow into the sys tem will be produced by Fans E-29 and E -30 . 

c. A flow ra te of about 20% of the ra ted filter flow, 
or about 2400 cfm, will be es tabl ished. A full flow orifice p r e s s u r e drop 
m e a s u r e m e n t and ve lometer t r a v e r s e will be used for this m e a s u r e m e n t . 

d. DOP compressed air generated ae roso l will be 
introduced into the sys t em at location SP No, 6. 

e. Ups t r eam a i r samples will be taken at location 
SP No. 6 and downst ream samples will be taken at location SP No. 7. 
Samples will be analyzed as descr ibed in Section 1. 

A min imum attenuation of 1 x 10"* or 0.01% penetrat ion 
is considered acceptable . 

C. Confinement Shell Leakage Rate Tes t P r o c e d u r e 

The leakage ra t e of a i r into the confinement shell will be tes ted on 
an annual bas i s as follows: 

1. The inlet makeup a i r to the confinement shell will be t empora r i ly 
closed off. This may be accomplished with a sheet metal plate and sealing 



t a p e , l o c a t i n g the p l a t e a t the duc t i n l e t t o the H E P A f i l t e r for the conf ine ­
m e n t s h e l l i n l e t . T h e s e f i l t e r s a r e l o c a t e d in the s o u t h e a s t c o r n e r of the 
M e c h a n i c a l E q u i p m e n t Roona No , 2 above the vau l t , 

2, The fol lowing m e a s u r e m e n t of l e a k a g e flow wi l l be m a d e , 
A c a l i b r a t e d i n t a k e o r i f i c e a s s e m b l y wi th a 4 - f i t duc t e x t e n s i o n wi l l be 
a t t a c h e d to the in l e t s ide of the H E P A f i l t e r . (A f lange is p r o v i d e d for 
s u c h a l t e r a t i o n s , ) A i r flow t h r o u g h the c a l i b r a t e d o r i f i ce wi l l be m e a s u r e d 
a t - 2 . 5 in, •w,g. An add i t i ona l flo^w m e a s u r e m e n t , u s i n g a c a l i b r a t e d r o ­
t a t i n g v a n e - t y p e a n e m o n a e t e r , wi l l be m a d e to c h e c k the r e s u l t s . Once 
e x p e r i e n c e i s ga ined in m a k i n g t h e s e flow m e a s u r e n a e n t S j only the m o r e 
s a t i s f a c t o r y of t h e s e two n a e a s u r e m e n t s wi l l be u s e d , 

3 . A l l d o o r s l e a d i n g to the c o n f i n e m e n t she l l wi l l be l o c k e d . 

4 . F a n s E - 2 1 a n d / o r E - 2 2 (conf inemen t she l l e x h a u s t fans ) wi l l 
be o p e r a t e d to l o w e r the p r e s s u r e wi th in the s h e l l to - 2 . 5 in. w .g . The 
s e n s i n g c o n n e c t i o n s for the s t a t i c p r e s s u r e r e g u l a t o r for F a n s E - 2 1 and 
E - 2 2 naust be c o n n e c t e d in t h e i r n o r m a l p o s i t i o n s and the s e t po in t ad ju s t ed 
to -2 .5 in . ,w.g. The t inae it t a k e s to a c h i e v e t h i s p r e s s u r e wi l l be no t ed . 

5, T h e a i r flow wi l l be m e a s u r e d and if l e s s than 1000 cfm a t 
- 2 , 5 in . w .g . , the l e a k t i g h t n e s s of the she l l wi l l be c o n s i d e r e d a d e q u a t e . 
If th i s t e s t f a i l s , a checkou t of the c o n f i n e m e n t sys t ena l e a k a g e wil l be con­
duc t ed a s d e s c r i b e d on t h e fo l lowing p a g e . 

C h e c k o u t of C o n f i n e m e n t S y s t e m L e a k a g e 

In the event t h a t the flow t e s t s show a flow r a t e g r e a t e r than d e s i r e d , 
a s y s t e m a t i c s e a r c h for l e a k s wi l l be conduc ted by the n e g a t i v e t e s t m e t h o d 
d e s c r i b e d a s fo l lows : 

1, A s for the l e a k a g e r a t e t e s t , the i n l e t naakeup a i r to the con­
f i n e m e n t s h e l l w i l l be c l o s e d off. 

2, E x h a u s t F a n s E - 2 1 and E - 2 2 wi l l be o p e r a t e d to p r o d u c e a 
n e g a t i v e p r e s s u r e of - 4 . 0 ± 0.25 in . w . g . T o i n c r e a s e the c a p a c i t y of the 
above fans d u r i n g t e s t c o n d i t i o n s , the filteir e l e m e n t s for the in l e t H E P A 
f i l t e r m a y be r e m o v e d . A l s o if m o r e fan c a p a c i t y is d e s i r e d . E x h a u s t 
F a n s E - 2 1 a n d / o r E - 3 2 (vaul t e x h a u s t f ans ) can be u s e d . T h i s r e q u i r e s 
the r e m o v a l of f i l t e r e l e m e n t s frona f i l t e r F - 3 1 and c l o s i n g off the e x h a u s t 
duc t c o m i n g f r o m the new vau l t a r e a . T h i s duct c l o s i n g m a y be done wi th 
a s h e e t m e t a l p l a t e and s e a l i n g t ape on the in le t s i de of the f i r e d a m p e r . 
A c c e s s to the f i r e d a m p e r m a y be ob ta ined t h r o u g h the a c c e s s p a n e l opening 
be low the d a m p e r . 
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3. The negative t e s t p r e s s u r e in the confinenaent shell naust be 
under control at all t i m e s . The inlet dampers for Fans E-21 and E-22 and 
the s ta t ic p r e s s u r e regula tor connected to them naay be used for this p u r ­
pose . The p r e s s u r e regulator naust be r e s e t to the des i red t e s t p r e s s u r e 
(here -4.0 in. w.g.). If Fans E-31 and /o r E-32 a r e used, their inlet damper s 
naust be t empora r i l y connected to the s tat ic p r e s s u r e control ler which 
normal ly se rves only Fans E-21 and E -22 . 

4. All doors leading to the confinement shell will be locked except 
for the double doors leading from the fil ter room to the Mechanical Roona 4-S, 

5. The rushing of a i r in l a rge leaks can be easi ly heard . Initial 
inspection of the containnaent shell will be for these l a rge leaks . Smal le r 
leaks can be found by soap bubble tes t ing. 

6. After the leaks a r e repa i red , another leakage flow ra te tes t 
will be made . 

7. During a -4.0 in. w.g. tes t , a per iodic inspection of f i l ters in 
the F i l t e r Room should be made , checking for fai lures in the tape mena-
brane between f i l ters and ducts . 



Chapter X 

EMERGENCY PROCEDURES 

A. Alarnas 

The basic audible a l a r m s in the Reactor Phys ics Labora to ry a r e 
essent ia l ly the types l is ted in the Labora to ry ' s Pol icy and P r a c t i c e Guide, 
Health and Safety Chapter , P a r t II Safety Engineering, Section C, Appendix, 
May 1965 and a r e summar i zed in Table X - 1 . 

In addition, there is a Klaxon type a l a r m (which sounds in the r eac to r 
cell and the control roona) connected to the local radiation a r e a moni to r s , 
a local high tenaperature detector which sounds a buzzer when sect ions of 
the annunciator panel a r e act ivated in the control room. The buzzer a l a r m 
is also actuated if the cell a i r p r e s s u r e beconaes excess ive . 

B. Responsibil i ty 

Any individual encountering an emergency situation shall init iate 
a "DIAL 13" on the telephone. The DIAL 13 automatical ly a l e r t s all p e r ­
sonnel normal ly involved in an emergency by a Group Aler t ing Sys tem. 
An emergency situation is one where the re is a possibi l i ty of haza rds to 
personnel or p rope r ty such as a fire or radiat ion incident. He ^vill provide 
to those personnel on the Group Aler t ing Sys tem all per t inent information 
as to the type of emergency and exact location. It will a lso be his respon­
sibility to contact the Area Emergency Supervisor or one of his a l te rna tes 
and the building's IHS represen ta t ive ( industr ial Hygiene and Safety--
Radiation Safety) if radiat ion is involved. 

C, Objectives 

The pr incipal objectives of emergency action undertaken after an 
accident a r e to: 

(1) Insure safety of all personnel , and if p rac t i ca l , the equipment 
and faci l i t ies , 

(2) P reven t radioact ive contanaination of the local surrounding a r e a . 

The means of secur ing safety for personnel consis ts of accountabili ty 
for and, if n e c e s s a r y , evacuation of all pe rsonne l . 

D, Action 

(1) Everyone hear ing any a l a r m l is ted in Table X-1 shall take the 
action p r e s c r i b e d in the table . 



Table X-1 

AUDIBLE ALARMS 

SIGNAL 

Intermittent resonating 
horn (at least 108 db 
at a distance of 10 ft. 
on horn axis) 

Steady horn or klaxon. 

Steady tone over PA 
system and outdoor 
siren. 

Warbling tone over PA 
^stem and outdoor 
siren. 

Bell, buzzer, or elec­
tronic device steady 
or intermittent. 

CAUSE 

Accidental nuclear 
reaction. 

High radiation; 
toxic or explosive 
gas release. 

Alert. Emergency 
situation requiring 
PA announcement. 

Tornado or eneny 
attack imminent. 

Malfunction, leak, 
high or low pressure 
fire, timing device, 
break period, etc. 

ACTION 

General Laboratory 
Personnel 

Evacuate as rapidly 
as possible. 

Evacuate area 
immediately. 

I"fove close to PA 
speakers to receive 
instructions• 
Evacuation of area 
or site may be 
necessary. 

Take cover immedi­
ately in nearest 
shelter. 

Follow instructions 
of responsible 
authorities in area. 

Signal Response 
Personnel Who 
Have Duties and 
Instructions in 
Connection with 
Given Signals 

Clear area. 
Follow radiation 
safety instructions. 

Investigate cause 
immediately; cor­
rect if hazard is 
tolerable. 

Emergency per­
sonnel carry 
out previously 
assigned in­
structions . 

Emergency per­
sonnel carry out 
previously 
assigned in­
structions. 

Investigate cause; 
take appropriate 
action. 



Table X-1 (Contd.) 

SIGNAL 

Repetitive gong. 

Siren - on vehicle. 

Siren - inside 
build^mg. 

Coded electronic 
sounds over PA 
system or radio (used 
only during other than 
regular day shift 
such as paging tone). 

Signal distinctly 
different from 
those above. 

CAUSE 

Moving objects such 
as crane, indoor 
vehicles, heavy 
door, etc. 

Emergency vehicle. 

Emergency which 
requires evacuation 
of building or area. 

Need to contact 
individual paged. 

To be determined by 
originator but not 
to include causes 
listed above. 

ACTION 1 

General laboratory 
Personnel 

Be alert. 

Be alert, yield 
right-of-way by 
stopping on road 
shoulder. 

Evacuate building 
or area, follow 
instructions of 
monitors. 

Individual paged: 
call predetermined 
phone number. 

None. 

Signal Response 
Personnel Who 
Have Duties and 
Instructions in 
Connection with 
Given Signals 

None. 

Emergency personnel 
carry out previ- 1 
ously assigned 
instructions. 

Emergency personnel 
carry out previ­
ously assigned 
instructions. 

None. 

To be determined by 
originator. 
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(2) If a r e a c t o r is in operat ion at the t ime of an evacuation a l a r m , 
the r eac to r shall immedia te ly be " s c r a m m e d " and the a r e a evacuated of 
pe r sonne l . 

(3) An accident may be indicated by the fact that the r eac to r 
s c r a m s , and /o r by an audible a l a r m in the control room which is init iated 
by an inc rease in cell air p r e s s u r e , cell a i r tenaperature (to 40°C), or 
r eac to r radiat ion level (2 R / h r ) . 

Upon detecting an inc rease in p r e s s u r e or high ra te of t e m p e r a ­
tu re r i s e (>45°F/nain) or high abnormal radiat ion levels in the cell , the 
automatic controls on the a i r conditioning control sys tem will close or 
naaintain c losure of the inlet and exhaust va lves . If the cell p r e s s u r e ex­
ceeds a few inches of water , a i r will flow through the emergency venting 
sys tem tending to d e c r e a s e cell p r e s s u r e . 

If only the a r e a radiat ion monitor a l a r m or the cell a i r p r e s s u r e 
or t e m p e r a t u r e a l a r m is act ivated in one of the control rooms , a m e m b e r of 
the operat ing crew shall : 

(a) Deternaine the origin and cause of the a l a r m . 

(b) Determine the radiat ion level in the control room by 
noting the appropr ia te ind ica tors . 

(c) If the radiat ion level is g rea t e r than 100 m R / h r in the 
control room, he shall promptly: 

1. S c r a m the reac to r and a s s u r e cell c losure . 

2. Evacuate control room a r e a and if poss ib le , announce 
the accident over the building public address systena. 

3. Dial 13 from outside the control room, 

4. Notify Area Emergency Supervisor . 

5. Go to Emergency Survei l lance Station in Roona N-121 
to observe radiation levels in cell and control room 
and status of r e a c t o r s . Take appropr ia te action with 
the a i r conditioning sys t em and argon purge sys tem. 

(4) If the radiat ion levels a r e l ess than 100 m R / h r , he may remain 
in the control room and follow the course of action p r e s c r i b e d under the 
following section. 

E . Action in Case of a F i r e 

The following p rocedures will be followed in the event of a fire 
r ega rd l e s s of where it occurs : 



(1) I n a m e d i a t e l y l e a v e the a r e a w h e r e a f i r e i s s u s p e c t e d . 

(2) S c r a m the r e a c t o r if the f i r e i s in the bu i ld ing . 

(3) D i a l 13 on t h e t e l e p h o n e and notify the G r o u p A l e r t i n g S y s t e m 
p e r s o n n e l of wha t h a s h a p p e n e d . 

(4) Notify the A r e a E n a e r g e n c y S u p e r v i s o r . 

(5) Shut down the a i r cond i t ion ing s y s t e m for t h a t p a r t of the bu i l d ­
ing w h e r e the f i r e o c c u r s . In the c a s e of the r e a c t o r c e l l s , the in l e t and 
e x h a u s t v a l v e s should be c l o s e d if not c l o s e d au tonaa t i ca l l y . 

(6) S m a l l f i r e s in the c o n f i n e m e n t s h e l l , vau l t , or r e a c t o r c e l l s , 
wi l l be e x t i n g u i s h e d by the f i r e d e p a r t m e n t p e r s o n n e l u s i n g the p r o p e r type 
of f i r e e x t i n g u i s h e r s . F i r e d e p a r t m e n t p e r s o n n e l wi l l e n t e r t h e c e l l s , or 
vau l t a r e a s only wi th p r o t e c t i v e c lo th ing and s p e c i a l b r e a t h i n g a p p a r a t u s 
u n d e r the a u t h o r i t y and i n s t r u c t i o n s of the A r e a E m e r g e n c y S u p e r v i s o r or 
R e a c t o r S u p e r v i s o r . 

(7) L a r g e nae ta l f i r e s in t h e c e l l s •will be e x t i n g u i s h e d wi th the 
i n t r o d u c t i o n of a r g o n gas in to the c e l l . The ce l l wi l l be e x h a u s t e d t h r o u g h 
the e m e r g e n c y ven t ing s y s t e m . 

F . A c t i o n in a N u c l e a r A c c i d e n t Cond i t ion ( s ee a l s o m a t e r i a l u n d e r D) 

Upon i n d i c a t i o n of an a c c i d e n t in the r e a c t o r c e l l , the fol lowing 
c o u r s e of a c t i o n i s t o be fo l lowed, but not n e c e s s a r i l y in t h e s e q u e n c e g iven: 

(1) S c r a m the r e a c t o r if i t i s o p e r a t i n g . 

(2) I n s u r e ce l l c l o s u r e by t u r n i n g C e l l O p e n / C l o s e s w i t c h to Ce l l 
C l o s e ( loca ted on a i r cond i t ion ing c o n t r o l p a n e l ) . 

(3) D i a l 13 , and give n a m e , e x t e n s i o n , and bu i ld ing l o c a t i o n and 
a s m u c h d e t a i l a s m a y be a v a i l a b l e , 

(4) If i n s i d e ce l l d u r i n g a l o a d i n g a c c i d e n t , do no t a t tenapt to r e c t i f y 
the c a u s e of the a c c i d e n t , but l e a v e the ce l l i m m e d i a t e l y by e i t h e r the p e r ­
sonne l chute o r f r e i g h t d o o r , w h i c h e v e r i s f a s t e r . 

(5) D e t e r m i n e s e v e r i t y of a c c i d e n t f r o m i n d i c a t o r s on a i r c o n d i t i o n ­
ing c o n t r o l p a n e l and C h a n n e l 9 a r e a m o n i t o r s . 

(6) A n n o u n c e a c c i d e n t and any r e q u e s t for a s s i s t a n c e ove r bu i ld ing 
pub l i c a d d r e s s s y s t e m ( m i c r o p h o n e on w e s t wa l l of c o n t r o l r o o m for Z P R - 9 
and on the n o r t h wal l for Z P R - 6 by the e n t r a n c e d o o r s ) . 
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(7) If cell entry is n e c e s s a r y to remove personnel : 

(a) Enl is t aid of emergency personnel who a r e equipped with 
self-contained breathing apparatus and protect ive clothing. 

(b) Secure radiat ion survey ins t ruments (located by cell 
personnel door) . 

(c) Observe radiat ion levels in cell, enaergency exhaust l ines 
and status of r eac to r with control in s t rument s . 

(d) If radiat ion levels a r e at an acceptable level, the r eac to r 
is shut down, and there is no buildup in cell p r e s s u r e ; 
personne l naay enter the cell for removal of injured 
p e r s o n s . 

(8) If there is an inc rease in the cell t empera tu re and p r e s s u r e 
indicating a probable meta l f ire introduce argon gas into the cell as 
follows: 

(a) Open argon- in le t valve to Cell 5 for Z P R - 6 or Cell 4 for 
ZPR-9 (control button next to air conditioning control panel) , 

(b) Open main argon-supply valve by manually operating the 
main valve. (Make sure the argon goes into the p roper cell .) 

(c) With the normal supply and exhaust valves closed, the cell 
a i r will flow out through the emergency venting sys tem. 

IMPORTANT: All personnel mus t be out of the cell before argon is injected 
into the cell . 

G. Action of Emergency Pe r sonne l 

A DIAL 13 automatical ly a l e r t s all people normal ly involved in an 
emergency . The notification of an emergency may originate from a t e l e ­
phone, radio, naessenger , or a l a r m source . When a DIAL 13 call is received 
at the switchboard, the Emergency Operator will act ivate a Group Aler t ing 
System, which simultaneously connects the following: 

(1) Emergency Coordinator 
(2) Al ternate Emergency Coordinator 
(3) F i r e Pro tec t ion Depar tment 
(4) Securi ty Division 's Centra l Station 
(5) Indust r ia l Hygiene and Safety Division's Radiation Safety Office 
(6) Indust r ia l Hygiene and Safety Division 's Safety Engineer ing Office 
(7) P lan t Serv ices Division's Adminis t ra t ive Office 
(8) Publ ic Information Office 
(9) Communicat ions and Special Serv ices Depar tment 

(10) Meteorology 
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T h e H e a l t h D i v i s i o n i s a l e r t e d only when the e m e r g e n c y r e p o r t 
i n d i c a t e s i n j u r i e s , i l l n e s s , o r c r i t i c a l i t y a l a r m . 

T h e DIAL 13 c a l l e r wi l l be q u e s t i o n e d by the F i r e A l a r m O p e r a t o r , 
who wi l l u s e a p r e p a r e d l i s t of q u e s t i o n s to get i n f o r m a t i o n n e c e s s a r y for 
e m e r g e n c y r e s p o n s e . Af te r t h e s e q u e s t i o n s a r e a n s w e r e d , the c a l l e r m a y 
give o t h e r d e t a i l s and anyone on t h e c o n f e r e n c e c i r c u i t , a f t e r ident i fy ing 
h imse l f , naay a s k the c a l l e r for a d d i t i o n a l n e c e s s a r y i n f o r m a t i o n . 

E a c h DIAL 13 which i s r e c e i v e d is m o n i t o r e d by C o m n a u n i c a t i o n s 
and S p e c i a l S e r v i c e s for e v a l u a t i o n and a c t i o n a s r e q u i r e d . 

D u r i n g off -shi f t h o u r s the DIAL 13 c a l l e r wi l l be c o n n e c t e d (by naeans 
of the G r o u p A l e r t i n g S y s t e m ) to the F i r e A l a r m O p e r a t o r , S e c u r i t y ' s 
C e n t r a l S ta t ion , the H e a l t h D i v i s i o n , and M e t e o r o l o g y only . 

E a c h of t h e un i t s fol lows e s t a b l i s h e d e m e r g e n c y p r o c e d u r e s a s g iven 
by A N L E n a e r g e n c y Handbook to p r o t e c t p e r s o n n e l and f a c i l i t i e s and to b r i n g 
the e m e r g e n c y s i t u a t i o n u n d e r c o n t r o l . It i s t he r e s p o n s i b i l i t y of the A r e a 
E m e r g e n c y S u p e r v i s o r to notify the L a b o r a t o r y E n a e r g e n c y C o o r d i n a t o r in 
the even t of a m a j o r e m e r g e n c y s u c h a s a n u c l e a r a c c i d e n t . The E m e r g e n c y 
C o o r d i n a t o r o r h i s d e s i g n a t e d a l t e r n a t e s a c t s in a c c o r d a n c e wi th e s t a b l i s h e d 
p r o c e d u r e s a s ou t l ined in the ANL E m e r g e n c y Handbook and h a s the p r i m a r y 
r e s p o n s i b i l i t y for c o o r d i n a t i n g the a c t i o n s of e n a e r g e n c y p e r s o n n e l for con­
t r o l l i n g the s i t u a t i o n . 

P e r s o n n e l in the R e a c t o r P h y s i c s L a b o r a t o r y (Bui ld ing 316) wh ich 
c o n t a i n s Z P R - 6 and -9 a r e r e q u i r e d to e v a c u a t e the bu i ld ing if an a c c i d e n t a l 
o r u n c o n t r o l l e d n u c l e a r r e a c t i o n o c c u r s wh ich a c t i v a t e s the r a d i a t i o n a r e a 
m o n i t o r (RAM-C) ( i nd i ca t ed by an i n t e r m i t t e n t r e s o n a t i n g h o r n - - 1 0 8 db at 
10 ft on the h o r n a x i s ) . In add i t ion , p e r s o n n e l m a y be i n s t r u c t e d by the A r e a 
E m e r g e n c y S u p e r v i s o r or o t h e r a p p r o p r i a t e p e r s o n n e l to e v a c u a t e the bu i ld ­
ing by naeans of the bu i ld ing pub l i c a d d r e s s s y s t e m in the even t of a f i r e , 
o r a c c i d e n t a l r e l e a s e of r a d i o a c t i v i t y , t ox i c g a s e s o r c h e m i c a l s . P e r s o n n e l 
h a v e b e e n i n s t r u c t e d to e v a c u a t e to t h e p a r k i n g lo t n o r t h of the bu i ld ing o r 
upwind of the a f fec ted a r e a o r m a y be i n s t r u c t e d to d r i v e upwind and a w a y 
f r o m Bui ld ing 316, T h e r e a r e wind s o c k s a r o u n d the bu i ld ing to i n d i c a t e 
wind d i r e c t i o n . 

In the even t t h a t e v a c u a t i o n of n e i g h b o r i n g f a c i l i t i e s is n e c e s s a r y , 
t h i s would be o r d e r e d by the L a b o r a t o r y E m e r g e n c y C o o r d i n a t o r u s i n g the 
L a b o r a t o r y wide pub l i c a d d r e s s s y s t e n a o r wi th the a s s i s t a n c e of the p l a n t 
p r o t e c t i o n f o r c e s and A r e a E m e r g e n c y S u p e r v i s o r s . T h e s u s p e c t a r e a s 
would be c o r d o n e d off and r o a d b l o c k s e s t a b l i s h e d by the p l a n t p r o t e c t i o n 
p e r s o n n e l . 



T a b l e I I I - l g ives a l i s t of o n - s i t e f a c i l i t i e s wi th in 1000 m e t e r s of 
t h e Z P R - 6 and -9 f a c i l i t i e s wi th an e s t i m a t e of the n u m b e r of e m p l o y e e s 
in e a c h bu i ld ing d u r i n g a n o r m a l w o r k i n g day . F i g u r e I I I -2 sho^ws a m a p o 
the L a b o r a t o r y S i t e a n d the f a c i l i t i e s l o c a t e d c l o s e to t h e R e a c t o r P h y s i c s 
L a b o r a t o r y (Bui ld ing 316) . It i s e s t i m a t e d t h a t Bu i ld ing 316 ( R e a c t o r 
P h y s i c s L a b o r a t o r y ) can be e v a c u a t e d wi th in one to two m i n u t e s a f t e r a 
n u c l e a r a c c i d e n t . The f a c i l i t i e s w i th in 200 to 600 m e t e r s of Bui ld ing 316 
can be e v a c u a t e d wi th in 15 m i n u t e s . It i s e s t i m a t e d tha t the e n t i r e L a b o r a 
t o r y could be e v a c u a t e d wi th in 30 m i n u t e s . 

E v a c u a t i o n of a r e a s o u t s i d e of the L a b o r a t o r y b o u n d a r i e s would be 
c a r r i e d out by a c t i o n of the C h i c a g o O p e r a t i o n s O f f i c e - - A E C S e c u r i t y 
D i v i s i o n D i r e c t o r fol lowing no t i f i ca t ion by the L a b o r a t o r y E m e r g e n c y 
C o o r d i n a t o r . 



C h a p t e r XI 

MAXIMUM C R E D I B L E A C C I D E N T 

It is w o r t h w h i l e at t h i s poin t to b r i e f l y r e v i e w the a r g u m e n t s p r e ­
s e n t e d in the o r i g i n a l Safe ty A n a l y s i s Repor t^ in d i s c u s s i n g t h e m a x i m u m 
c r e d i b l e a c c i d e n t wi th ^^^U-fueled a s s e m b l i e s . 

I t •was e x p l a i n e d t h e n t h a t t h r e e g e n e r a l l i n e s of d e f e n s e a g a i n s t 
a c c i d e n t s a r e p r o v i d e d . T h e s e a r e : 

(1) The u s e of cau t ion in p r e p a r i n g an a s s e m b l y for i n v e s t i g a t i o n . 
The load ing o p e r a t i o n s a r e b r o k e n into s t e p s which a r e s e p a r a t e l y c h e c k e d , 
so t h a t a m a j o r load ing e r r o r would r e q u i r e a s ign i f i can t e r r o r in t h e i n i t i a l 
c a l c u l a t i o n s , b l ind a c c e p t a n c e of t h e p r e l o a d i n g eva l ua t i on by the R e a c t o r 
M a n a g e r , and the A s s e m b l y C o o r d i n a t o r and the a b s e n c e of s u i t a b l e p r e -
c r i t i c a l m u l t i p l i c a t i o n c h e c k s . It i s not b e l i e v e d tha t such a c o m p l e t e b r e a k -
do^wn of a d m i n i s t r a t i v e p r o c e d u r e s i s c r e d i b l e . I t i s equa l ly u n r e a s o n a b l e to 
a s s u m e tha t l e s s e r e r r o r s in load ing •will not o c c u r . Whi le s u c h m i n o r e r ­
r o r s in load ing could i n c r e a s e the p r o b a b i l i t y of an a c c i d e n t , t hey could not 
t h e m s e l v e s c a u s e an a c c i d e n t . 

(2) The o b s e r v a n c e of cau t ion in a p p r o a c h i n g c r i t i c a l i t y and in 
o p e r a t i n g the r e a c t o r for e x p e r i m e n t a l r u n s . I t is c o n s i d e r e d i n c r e d i b l e 
t ha t t he r e a c t o r would b e o p e r a t e d in s u c h a way t h a t a l l e s t a b l i s h e d p r o ­
c e d u r e s a r e c o m p l e t e l y d i s r e g a r d e d . T h e r e f o r e , a s is t he c a s e for the 
load ing p r o c e d u r e s , i t i s n e c e s s a r y to p o s t u l a t e a s t r i n g of m i n o r o p e r a ­
t i o n a l b l u n d e r s r a t h e r t h a n s ing l e o p e r a t i o n a l v i o l a t i o n which could l e a d 
to t r o u b l e . 

(3) The u s e of t r i p and i n t e r l o c k c i r c u i t s . Both the s t e p s in b r i n g ­
ing the a s s e m b l y to c r i t i c a l i t y and o p e r a t i n g it in a c r i t i c a l condi t ion a r e 
l i m i t e d by a s t r i n g of i n t e r l o c k s and n e u t r o n - m o n i t o r i n g i n s t r u m e n t a t i o n 
•with t r i p c i r c u i t s . M o n i t o r i n g i n s t r u m e n t a t i o n and t r i p c i r c u i t s a r e c h e c k e d 
da i ly to m i n i m i z e u n d e t e c t e d m a l f u n c t i o n s . I t is not c o n s i d e r e d c r e d i b l e 
t ha t a l l , o r even a m a j o r i t y , of t h e t r i p and i n t e r l o c k c i r c u i t s of t h e s y s t e m 
wi l l b e i n o p e r a b l e at any t i m e ; h o w e v e r , a c c i d e n t s m u s t be c o n s i d e r e d t h a t 
m a y a r i s e f r o m a p a r t i a l f a i l u r e of the c i r c u i t s . 

U n d e r n o r m a l c i r c u m s t a n c e s , e a c h of t h e s e a r e a s of m a l f u n c t i o n 
r e p r e s e n t s a s e p a r a t e and i n d e p e n d e n t con t ingency . C o m m o n sa fe ty p r a c ­
t i c e c o n s i d e r s t h a t an a c c i d e n t which h a s doub le con t ingency i s p r o p e r l y 
s e c u r e d , and on t h i s b a s i s it i s b e l i e v e d tha t the c r i t i c a l a s s e m b l y and i t s 
o p e r a t i n g p r o c e d u r e s t o g e t h e r c o n s t i t u t e a safe s y s t e m . The i m p o r t a n t 
c o n s i d e r a t i o n s t h a t wen t into t h e s e l e c t i o n of t h e m a x i m u m c r e d i b l e a c c i ­
den t in A N L - 6 2 7 1 w e r e the fol lowing: 



188 

(1) The accident mus t occur under plausible exper imental condi­
t ions . Any highly unusual p rocedure that would requ i re a considerable 
engineering redes ign effort was el iminated from considerat ion, and it w^as 
argued that any modification that leads to an accident must be one that can 
be accomplished with re la t ive ease . 

(2) There must be a logical reason ^vhy period and neutron level 
t r i p c i rcui t s do not function at the proper t ime. It was considered incred i ­
ble that r eac to r operat ion w^ould proceed with no ins t rumentat ion or t r i p 
c i rcui t s in operat ion. 

(3) Under normal exper imental conditions, there a r e only three 
bas ic ways by which react ivi ty addition can be accomplished mechanical ly: 

(a) movement of the tab les , 

(b) inser t ion of the dual -purpose rods , and 

(c) removal of the boron-10 safety rods . 

An accident involving table movement was selected because this 
movement gives the maximum possible react ivi ty inser t ion r a t e s . 

This line of reasoning brought about the select ion of an i l lus t ra t ive 
mechan i sm for the max imum credible accident. That case , one of a var ie ty 
of poss ib i l i t ies that w^ere thought through for the appropr ia te combination of 
malfunctions, was typical of the w^orst case that was found. The postulated 
course of the accident was as follows: It was assumed that an experiment 
to m e a s u r e the effect of the gap between the halves for a 50-l i ter core was 
under way. It was then postulated that the foUow^ing unusual c i r cumstances 
occur red . F i r s t , the two period amplif iers with thei r associa ted t r ip c i r ­
cuits were bypassed, and the l inear flux-level t r ip as well as both high 
level safety t r ip s were set approximately two decades above their normal 
t r ip level se t t ings , thereby, preventing tripping until the neutron density 
reached a much higher level than w^ould be usual . In combination with a 
malfunction of the 7.6 cm l imit switch, that would allow the forward in te r ­
mediate speed dr ive to be actuated, the opera tor mistakenly drove the 
halves toward each other . As a resul t of this compounding of unusual 
events the moveable table moved toward the s ta t ionary one at a r a t e of 
0.25 c m / s e c from the 1 - cm position, so that react ivi ty was added at a high 
r a t e , and a nuclear excurs ion followed. As the period t r ip c i rcui ts were 
bypassed the excurs ion continued, and because the level and safety t r ip s 
were set about two decades above thei r usual operating points the excursion 
was not sensed until the r eac to r had become prompt cr i t ica l . The almost 
ver t ica l ly r i s ing power following prompt c r i t i ca l then actuated the level t r ip 
c i rcui t or the safety t r ip c i rcui t s and s c r a m action was initiated. (Scram 
operat ion s t a r t s the removal of the dual -purpose safety rods and, initially, 
stops forward motion of the table . The table then s t a r t s moving backw^ard 
a shor t t ime after the s c r a m operat ion has s tar ted . ) The excurs ion was 



t u r n e d by the e x p a n s i o n of the e n r i c h e d u r a n i u m p l a t e s and t h e p o w e r 
d r o p p e d ha l f a d e c a d e o r so b e l o w i t s p e a k v a l u e , w h e r e u p o n t h e r e m o v a l 
of the d u a l - p u r p o s e r o d s by the s c r a m o p e r a t i o n s topped any f u r t h e r i n ­
c r e a s e of t h e po'wer l e v e l . 

T h e n e u t r o n i c s p a r a m e t e r s w^ere t h e n c h o s e n to g ive t h e l a r g e s t 
e n e r g y - d e n s i t y r e l e a s e , and the r e s u l t w a s c o n s i d e r e d to be the m a x i m u m 
c r e d i b l e a c c i d e n t . Al l of t h e m a i n e l e m e n t s of t h i s d i s c u s s i o n a r e u n a l ­
t e r e d by the p r o p o s e d c o n v e r s i o n . The a r g u m e n t s ho ld wi th equa l f o r c e 
for p l u t o n i u m - f u e l e d a s s e m b l i e s . The r e s u l t s of a s i m i l a r a c c i d e n t a n a l y ­
s i s wi l l be s o m e w h a t d i f f e ren t in d e t a i l , b e c a u s e of the d i f f e r e n c e s in fuel 
c h a r a c t e r i s t i c s , r e a c t i v i t y add i t ion r a t e s , d e l a y e d n e u t r o n f r a c t i o n , and 
i m p r o v e d know^ledge of s o m e of the p a r a m e t e r s . One add i t i ona l a s s u m p t i o n 
m u s t be m a d e : B e c a u s e the new p o w e r f e e d r a i l s y s t e m wi l l not a l low t a b l e 
m o v e m e n t at s p e e d s o t h e r t h a n p r e s c r i b e d for any g iven t a b l e pos i t i on , t h e 
p o s t u l a t e d g a p - w o r t h m e a s u r e m e n t s m u s t be for gaps g r e a t e r t h a n 7.6 c m . 
I t could be a r g u e d tha t t he v e r y p a r t i c u l a r s e t of c i r c u m s t a n c e s p o s t u l a t e d 
for t h i s a c c i d e n t in t h e m s e l v e s s t r a i n the bounds of c r e d i b i l i t y . H o w e v e r , 
t he p a r t i c u l a r s e q u e n c e c o n s i d e r e d above w a s m e a n t only to be i l l u s t r a t i v e 
of t h e c o m b i n a t i o n of m a l f u n c t i o n s tha t would be n e c e s s a r y to g ive an a c c i ­
den t of t h i s k ind . 

If one c h o o s e s to d i s r e g a r d t h i s p a r t i c u l a r i z e d s e q u e n c e of e v e n t s , 
and to p o s t u l a t e o t h e r m e c h a n i s m s l e ad ing to a c c i d e n t s , t he end poin t is t h e 
s a m e : n a m e l y , t h a t t h e a c c i d e n t a n a l y z e d a m o u n t s to an o v e r e s t i m a t e of t h e 
m a x i m u m a c c i d e n t t ha t i s even r e m o t e l y c r e d i b l e . The s a m e in i t i a t ing 
m e c h a n i s m would , for e x a m p l e , be p r e s e n t if one c h o o s e s to c o n s i d e r c r e d i ­
b l e , a g a i n s t t he e v i d e n c e of a l l e x p e r i e n c e wi th the a s s e m b l i e s of t h i s g e n ­
e r a l t y p e , an a c c i d e n t a l o v e r l o a d i n g suf f ic ien t to b r i n g the r e a c t o r c r i t i c a l 
in the i n t e r m e d i a t e s p e e d r a n g e . To r e a c h c r i t i c a l i t y wi th the h a l v e s s e p a ­
r a t e d by 7,6 c m , t h e m i n i m u m s e p a r a t i o n for wh ich t h e i n t e r m e d i a t e s p e e d 
d r i v e can be o p e r a b l e , an o v e r l o a d i n g of a p p r o x i m a t e l y 80% (~60 kg) in 
c r i t i c a l m a s s would b e n e c e s s a r y for t h e 5 0 - l i t e r u n i f o r m l y l o a d e d c o r e s , 
and an o v e r l o a d i n g of a p p r o x i m a t e l y 30% (~400 kg) would be n e c e s s a r y for 
t h e 3 5 0 0 - l i t e r u n i f o r m l y l o a d e d c o r e s . A c c i d e n t a l o v e r l o a d s of t h i s m a g ­
n i tude would g r o s s l y v i o l a t e a l l r e l e v a n t o p e r a t i n g p r o c e d u r e s . E v e n t h e n 
the p o s t u l a t i o n of an a c c i d e n t a l m a l f u n c t i o n of e a c h s u c c e s s i v e t r i p soon 
pu t s t h e a c c i d e n t in t h e i n c r e d i b l e c l a s s . P r o p e r o p e r a t i o n of any one of 
t h e five t r i p s would l e a d e s s e n t i a l l y to no e x c u r s i o n a t a l l . 

T h e above i s t h e r e f o r e c o n s i d e r e d to be t h e m a x i m u m c r e d i b l e 
a c c i d e n t , m a x i m u m in t h e s e n s e t h a t t he bounds of c r e d i b i l i t y of i n i t i a t i ng 
m e c h a n i s m a r e at t h e i r m a x i m u m and m a x i m u m a l s o in the s e n s e t h a t t h e 
n e u t r o n i c s p a r a m e t e r s h a v e b e e n c h o s e n so t h a t t h e e x c u r s i o n r e s u l t s in 
t h e m a x i m u m p o s s i b l e e n e r g y r e l e a s e . 

B e c a u s e a 5 0 - l i t e r ^^^U-fueled c o r e w a s a n a l y z e d for i t s m a x i m u m 
c r e d i b l e a c c i d e n t in the o r i g i n a l Safe ty A n a l y s i s R e p o r t , a 5 0 - l i t e r p l u t o n i u m 
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fueled core w îll also be analyzed in this report so that a direct comparison 
can be made for the two cases, with only the fuel changed. However, such 
a core has little practical interest. Much more typical of the cores of in­
terest to the program are the larger more dilute assemblies, so a 3500-liter 
core w âs chosen as the reference case. In it, the maximum quantities of 
(about 1400 kg of "^Pu + ^^^Pu) of plutonium are present. 

The excursion calculations used the R-101 kinetics code which 
solves the usual one-energy group space-independent reactor kinetics 
equations: 

k p ^ n ^ex' 
n 

N 
X c i + S 

1 

El' c = -Xici +-^-[1+ kgx] n 

where 

n = neutron density 

c^ - precursor density 

S = source 

|3j, = effective delayed neutron fraction of the delayed group i 

Xĵ  = decay constant of delayed group i 

kgjj. = excess reactivity 

^ = prompt neutron lifetinne. 

In the option used for these calculations the excess reactivity is 
given as: 

kex = At + C In [1 +D / (n- no) dt] + E / n dt 

where 

A = table reactivity addition or subtraction rate 

C = Doppler coefficient 

D = temperature to J" n dt conversion constant 

E = expansion coefficient. 

The term involving the coefficients C and D in the above expression 
allows the Doppler effect to be put in with a 1/T dependence, shown by experi­
ment to represent the actual Doppler coefficient more closely than the as­
sumption of a simple linear dependence with temperature as assumed in 
ANL-6271. 
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The c o r e p a r a m e t e r s , t he gap w o r t h s , and the r e l e v a n t f eedback c o ­
ef f ic ients w e r e b a s e d on the v a l u e s l i s t e d in C h a p t e r II . The a c t u a l v a l u e s 
of the c o n s t a n t s u s e d in the c a l c u l a t i o n s a r e l i s t e d in T a b l e X I - 1 . The con­
s t an t A i n c l u d e s the r e a c t i v i t y add i t ion r a t e when the m o v a b l e t a b l e i s a d d ­
ing r e a c t i v i t y and the r e a c t i v i t y s u b t r a c t i o n r a t e due to rod m o v e m e n t 
s u b s e q u e n t to the s c r a m . The two c o m p o n e n t s of A a r e inc luded at a p p r o ­
p r i a t e t i m e s d u r i n g the c a l c u l a t i o n . 

T a b l e XI -1 

CONSTANTS F O R EXCURSION CALCULATIONS 

F u e l P l a t e s Only H e a t e d All M a t e r i a l s H e a t e d 

S y s t e m 3 5 0 0 ^ 5 0 ^ 3 5 0 0 ^ 5 0 ^ 

A T 7.9 X 10"* 2.2 X 10"^ 7.9 x 10"* 2.2 x 10"^ 
A R - 0 . 2 1 8 - 0 . 1 5 8 - 0 . 2 1 8 - 0 . 1 5 8 
C - 2 . 5 X 10"^ - 1 . 4 X 10"* -8 .6 x l O " ^ - 2 . 1 x 10"* 
D 4 . 1 1 x 1 0 " ' ' 4 .53 X lO"' ' 4 . 3 8 x 1 0 " ^ 1 . 7 4 x 1 0 " ' ' 
E - 4 . 8 0 x 1 0 " ' ° - 1 . 0 1 x 1 0 " ' ' - 5 . 12 x l O " ' ' - 3 . 8 6 x 1 0 " ' ° 

A = A-p + Aj^. 
A R = R e a c t i v i t y S u b t r a c t i o n R a t e due to Rod Mot ion in A k / k s e c " ' . 
A T = R e a c t i v i t y Addi t ion R a t e due to T a b l e Mot ion in A k / k s e c " ' . 

C = D o p p l e r Coeff ic ien t = T-——'—,—: 
^^ / d T / T 

D = C o n v e r s i o n F a c t o r I s c m (neu t ron s e c ) " . 
E = E x p a n s i o n Coeff ic ient I s A k / k cm^(neu t ron s e c ) " ' . 

C a l c u l a t i o n s w e r e done for tw^o s e p a r a t e c a s e s for e a c h of the two 
c o r e t y p e s c o n s i d e r e d : the f i r s t a s s u m e d tha t only the p l u t o n i u m - u r a n i u m -
m o l y b d e n u m fuel p l a t e s w e r e h e a t e d by the e x c u r s i o n , and the s e c o n d a s ­
s u m e d tha t a l l m a t e r i a l s w e r e h e a t e d u n i f o r m l y . T h e a c t u a l c a s e wi l l l i e 
s o m e w h e r e b e t w e e n t h e s e two e x t r e m e s . 

As the i n i t i a l n e u t r o n d e n s i t y in an e x c u r s i o n wil l depend on w h e t h e r 
it i s a s s u m e d the e x c u r s i o n s t a r t s wi th the r e a c t o r at o p e r a t i n g p o w e r s o r 
d u r i n g a s t a r t u p , the effect of th i s on the r e s u l t i n g e x c u r s i o n h a s b e e n ex­
a m i n e d for i n i t i a l n e u t r o n d e n s i t i e s of 10"* n / c m ^ , 10"^ n / c m ' ' , and 1 n / c m ' ' , 
w h e r e a n e u t r o n d e n s i t y of 1 n / c m ^ c o r r e s p o n d s to 100 W for the 3 5 0 0 - l i t e r 
c o r e and to 7 W for the 5 0 - l i t e r c o r e . The r e s u l t i n g e x c u r s i o n p r o v e d to be 
l a r g e l y i n s e n s i t i v e to the v a l u e c h o s e n for t h i s p a r a m e t e r . H o w e v e r , the 
e x c u r s i o n s f r o m an in i t i a l n e u t r o n d e n s i t y of 10"^ n / c m ^ a p p e a r e d to be 
s l igh t ly w o r s e t han the o t h e r two . The e x c u r s i o n s shown in F i g s . XI -1 to 
XI -4 a r e t h e r e f o r e show^n s t a r t i n g f rom th i s n e u t r o n d e n s i t y . In t h e s e 
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Fig. XI-1. Maximum Credible Accident Analysis, 50 liter Core, Fuel 
Plates Only Heated, Reactivity Insertion Rate 0.65 $/sec 
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f i g u r e s t h e so l id l i ne r e p r e s e n t s t h e n e u t r o n d e n s i t y in n / c m , t he do t ted 
l i ne r e p r e s e n t s kg^i and the d a s h e d l i ne r e p r e s e n t s t h e a v e r a g e c o r e 
t e m p e r a t u r e in °C. 

E x a m i n a t i o n of F i g s . XI -1 to XI -4 shows tha t in e a c h c a s e the n e u ­
t r o n d e n s i t y r i s e s s h a r p l y a s p r o m p t c r i t i c a l is a p p r o a c h e d and e x c e e d e d , 
the e x c u r s i o n i s t u r n e d by the D o p p l e r a n d / o r e x p a n s i o n coef f ic ien t s of the 
fuel , and the t r i g g e r i n g of the sa fe ty r o d s t h e n s t ops f u r t h e r r e a c t i o n . In 
the c a s e s w h e r e the r e a c t o r r e a c h e d p r o m p t c r i t i c a l the t r i p w a s a s s u m e d 
to t a k e p l a c e at t h i s po in t , s i n c e once the r e a c t o r r e a c h e d p r o m p t c r i t i c a l 
t he p o w e r r i s e s so r a p i d l y tha t t he d e l a y t i m e s f r o m the t i m e tha t t he t r i p 
o c c u r s to the t i m e t h a t the sa fe ty r o d s s t a r t m o v i n g in ( taken as 90 m s ) 
m a k e s t h i s a s s u m p t i o n s l i gh t ly c o n s e r v a t i v e . 

The 5 0 - l i t e r c o r e c a s e s a r e shown in F i g s . XI -1 and X I - 2 . F o r 
t h i s r e a c t o r the e x p a n s i o n coef f ic ien t is t he r e l e v a n t f eedback m e c h a n i s m ; 
the D o p p l e r coef f ic ien t c o n t r i b u t e s v e r y l i t t l e . It can be s e e n tha t for t h e 
c a s e of only the fuel p l a t e s h e a t i n g , the a v e r a g e c o r e t e m p e r a t u r e r i s e s to 
a p p r o x i m a t e l y 16 5°C, and for the c a s e of a l l m a t e r i a l s hea t i ng the t e m p e r a ­
t u r e i n c r e a s e s to a p p r o x i m a t e l y 163°C. The p e a k - t o - a v e r a g e power in t h i s 
c o r e i s 1.2, so tha t t he m a x i m u m t e m p e r a t u r e s at the c e n t e r of the r e a c t o r 
a r e 194 and 192°C, r e s p e c t i v e l y . T h e s e t e m p e r a t u r e s a r e far be low e i t h e r 
the ign i t ion poin t (603°C) o r the f u e l - i r o n e u t e c t i c poin t (650°C). T h e r e i s , 
t h e r e f o r e , no p o s s i b i l i t y of fuel ign i t ion . 

In t h e s e c a l c u l a t i o n s and a l l s u b s e q u e n t c a l c u l a t i o n s the r e a c t i v i t y 
f eedback due to e x p a n s i o n is a s s u m e d to t a k e p l a c e only a f te r an in i t i a l 
t e m p e r a t u r e i n c r e a s e of 48°C. T h i s c o r r e s p o n d s to an a s s u m p t i o n of a 
3 - m i l gap b e t w e e n t h e fuel p l a t e and i t s c l ad , on the c o n s e r v a t i v e a s s u m p ­
t ion tha t a l l fuel p l a t e s a r e the m i n i m u m leng th of 4 in. 

A n a l o g o u s r e s u l t s for the 3 5 0 0 - l i t e r c a r b i d e c o r e a r e shown in 
F i g s . X I - 3 and X I - 4 . In t h i s c a s e the e x c u r s i o n is t u r n e d by the D o p p l e r 
effect , b e f o r e t h e e x p a n s i o n f eedback h a s a chance to e n t e r . The t e m p e r a ­
t u r e i n c r e a s e s to about 45°C for the c a s e of only fuel p l a t e s h e a t i n g , and to 
about 32°C for the c a s e w h e r e a l l m a t e r i a l s a r e h e a t e d . 

T h e r e s u l t s a r e s u m m a r i z e d in T a b l e X I - 2 . C o m p a r i s o n of t h e s e 
r e s u l t s wi th the v a l u e s c a l c u l a t e d for t h e ^^^U-fueled s y s t e m s in Ref. 1 
i l l u s t r a t e s the b e n e f i c i a l s a fe ty ef fects of the a s s u r e d l y n e g a t i v e D o p p l e r 
effect in t h e s e s y s t e m s , and the r e d u c t i o n in t a b l e s p e e d , r e s u l t i n g in l o w e r 
r e a c t i v i t y add i t ion r a t e s . 

The s e n s i t i v i t y of the o b s e r v e d r e s u l t s to the v a l u e s c a l c u l a t e d for 
the f eedback p a r a m e t e r s w^ere t e s t e d by r e p e a t i n g the c a l c u l a t i o n s a s s u m i n g 
f eedback coef f ic ien t s o n e - h a l f and t w i c e the c a l c u l a t e d v a l u e s . B e c a u s e the 
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i m p o r t a n t coe f f i c i en t s h a v e b e e n at l e a s t p a r t i a l l y checked by e x p e r i m e n t , 
t h i s ±100% v a r i a t i o n i s c o n s i d e r e d to b e far o u t s i d e the r a n g e of p r o b a b l e 
e r r o r . The two w o r s t c a s e s , for f eedback coef f ic ien ts half t h e i r n o r m a l 
v a l u e , for the c a s e of the fuel only h e a t i n g , a r e shown in F i g s . X I - 5 and 
XI -6 for the 5 0 - l i t e r and 3 5 0 0 - l i t e r c a s e s , r e s p e c t i v e l y . It is s e e n tha t 
t h i s r e s u l t s in an i n c r e a s e in the a v e r a g e t e m p e r a t u r e of the fuel f r o m 
a p p r o x i m a t e l y 165°C, for t h e n o r m a l coef f ic ien t , to a p p r o x i m a t e l y 215°C 
for the h a l v e d coef f ic ien t . F o r the 3 5 0 0 - l i t e r c a s e , t h e a v e r a g e fuel t e m ­
p e r a t u r e i n c r e a s e s f r o m a p p r o x i m a t e l y 45°C to a p p r o x i m a t e l y 60°C. T h u s , 
t he r e s u l t s of the a n a l y s i s u s ing n o r m a l coef f ic ien t s a r e not changed s i g ­
n i f i can t ly by t h i s v e r y s u b s t a n t i a l r e d u c t i o n in the v a l u e a s s u m e d for the 
f eedback coe f f i c i en t s . The fuel s t i l l r e m a i n s v e r y s u b s t a n t i a l l y b e l o w t h e 
ign i t ion poin t . 

T h e c o r e s d i s c u s s e d above w e r e u n i f o r m l y fueled c o r e s . F o r non-
u n i f o r m l y fueled (zoned) c o r e s it is p o s s i b l e t ha t t he r e g i o n which con ta in s 
fuel und i lu t ed by ^^^U m a y h a v e a s m a l l (or z e r o ) e x p a n s i o n coeff ic ient of 
r e a c t i v i t y . The r e s t r i c t i o n ( s ee C h a p t e r II) tha t t he fuel und i lu t ed in ^^^U 
m a y only h a v e a m a x i m u m of 2 5% of the t o t a l r e a c t i v i t y of the c o r e , h o w e v e r . 

Table XI-2 

ANALYSIS OF MAXIMUM CREDIBLE ACCIDENT 

System 

3500 liter 
Fuel Plates 
Only Heated 

3500 liter 
All Materials 
Heated 

50 liter 
Fuel Plates 
Only 

50 liter 
All Materials 
Heated 

Peak Power, 
MW 

0.38 

1.76 

1.85 

4.50 

Total Ener^ 
Release, 
fissions 

3.8 X lol7 

1.1 X iQis 

2.2 X I0l7 

5.2 X 10l7 

Average Fuel 
Temperature, °C 

45 

32 

167 

155 

Maximum Fuel 
Temperature, °C 

57 

36 

230 

213 
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3500 liter Core, Fuel Plates Only Heated, Reactivity Insertion Rate 0.24 $/sec 



m e a n s tha t t he to t a l f e e d b a c k coef f ic ien t of the s y s t e m m a y be r e d u c e d to 
about 75% of i t s u s u a l v a l u e . T h i s r e d u c t i o n of the f eedback coeff ic ien t i s 
only o n e - h a l f of the a r b i t r a r y r e d u c t i o n of a f ac to r of two w^hich w a s shown 
above to h a v e a m i n o r effect on the r e s u l t s of the m a x i m u m c r e d i b l e a c c i ­
den t a n a l y s i s , so the above c o n c l u s i o n s wi l l a l so hold for the p r o p o s e d 
n o n u n i f o r m fueled (zoned) c o r e s . 

T h e c o n c l u s i o n t h e r e f o r e is t ha t t he M a x i m u m C r e d i b l e A c c i d e n t 
c a n r e s u l t in a m o d e r a t e i n c r e a s e in t h e fuel t e m p e r a t u r e , but the m a x i ­
m u m fuel t e m p e r a t u r e d o e s not a p p r o a c h the ign i t ion poin t and t h e r e is 
no l i k e l i h o o d of r e l e a s e of ac t i v i t y . 

T h e fo rego ing a c c i d e n t a n a l y s i s is c o n s i d e r e d the M a x i m u m C r e d i ­
b l e A c c i d e n t s i n c e t h e i n i t i a t i n g m e c h a n i s m r e p r e s e n t s t h e o u t e r l i m i t s of 
c r e d i b i l i t y and b e c a u s e the n e u t r o n i c p a r a m e t e r s w e r e c h o s e n so t h a t t he 
e x c u r s i o n r e s u l t s in the m a x i m u m p o s s i b l e e n e r g y r e l e a s e o r m a x i m u m 
p o s s i b l e t e m p e r a t u r e r i s e in the fuel. Al though the MCA is in r e a l i t y not 
a v e r y c r e d i b l e s i t u a t i o n it is p r o p o s e d to u s e t h i s m e t h o d of a n a l y s i s to 
d e t e r m i n e w h e t h e r a p a r t i c u l a r e x p e r i m e n t i s wi th in the b o u n d a r i e s of 
t h i s Safe ty A n a l y s i s R e p o r t . E x p e r i m e n t s wi l l be conduc ted on Z P R - 6 and 
-9 u s ing p l u t o n i u m o r u r a n i u m fuels w h o s e MCA a n a l y s i s r e s u l t s in m a x i ­
m u m fuel t e m p e r a t u r e s no g r e a t e r t h a n about 200°C which is the m a x i m u m 
t e m p e r a t u r e s a t t a i n e d for the 5 0 - l i t e r MCA a n a l y s i s . Th i s is in keep ing 
wi th t h e g r o u n d r u l e s a s ou t l i ned p r e v i o u s l y in A N L - 6 2 7 1 (Ref. 1) for 
u r a n i u m fueled s y s t e m s . 
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C h a p t e r XII 

S A F E T Y ANALYSIS- -DESIGN BASIS A C C I D E N T 

A. I n t r o d u c t i o n 

In o r d e r to a s s e s s the type and m a g n i t u d e of an a c c i d e n t which m a y 
be con ta ined by the Z P R - 6 and -9 r e a c t o r c e l l s and con f inemen t s t r u c t u r e s , 
a s e v e r e n u c l e a r a c c i d e n t wh ich i s d e s i g n a t e d the D e s i g n B a s i s A c c i d e n t 
(DBA) i s h y p o t h e s i z e d and a n a l y z e d . T h e DBA a n a l y z e d in t h i s c h a p t e r i s 
c o n s i d e r e d h igh ly i n c r e d i b l e and v i r t u a l l y i m p o s s i b l e excep t for a d e l i b e r ­
a t e s a b o t a g e a t t e m p t c a r r i e d out by a m i n i m u m of two h ighly c o m p e t e n t 
t e c h n i c a l l y k n o w l e d g e a b l e i nd iv idua l s who a r e f a m i l i a r wi th t h e f a c i l i t i e s . 
The DBA a n a l y s i s is c a r r i e d out to i l l u s t r a t e the type of s e v e r e n u c l e a r 
a c c i d e n t which m a y be con ta ined by the ce l l s and a s s o c i a t e d s t r u c t u r e s . 
I t d o e s a id in e s t a b l i s h i n g the a d e q u a c y of t h e r e a c t o r c e l l s and a s s o c i a t e d 
con f inemen t s h e l l s and f a c i l i t i e s . The DBA c o n s i d e r e d be low is r e p r e s e n t ­
a t i ve of a c l a s s of v e r y s e v e r e n u c l e a r a c c i d e n t s ; h o w e v e r , it is not t h e 
w^orst i m a g i n a b l e o r c o n c e i v a b l e e x c u r s i o n o r a c c i d e n t . C o n s e r v a t i v e p a ­
r a m e t e r s w^ere c h o s e n in o r d e r to i l l u s t r a t e the ab i l i ty of the ce l l s and 
a s s o c i a t e d s a f e g u a r d s to con ta in an e x t r e m e l y s e v e r e h y p o t h e t i c a l n u c l e a r 
a c c i d e n t . 

T h e p r e v i o u s c h a p t e r d i s c u s s e d an a c c i d e n t c a u s e d by c r i t i c a l i t y 
o c c u r r i n g ^vhile t h e h a l v e s w e r e c lo s ing at t he i n t e r m e d i a t e s p e e d , wi th t h e 
r e s u l t s of t h e a c c i d e n t c o m p o u n d e d by a p o s t u l a t i o n of s e v e r e c o i n c i d e n t a l 
f a i l u r e s of the a p p r o p r i a t e t r i p c i r c u i t s in add i t ion to o p e r a t o r e r r o r and 
o p e r a t o r i n a t t e n t i o n . It w a s a r g u e d t h a t the s u c c e s s i v e f a i l u r e of the t r i p 
c i r c u i t s n e c e s s a r y to g ive any s ign i f i can t e x c u r s i o n at a l l w a s not v e r y 
c r e d i b l e . The s u b j e c t i v e n a t u r e of c r e d i b i l i t y m a y a l low s o m e d e g r e e of 
c r e d e n c e to be a t t a c h e d to a s i t u a t i o n w h e r e one t r i p f a i l s , o r two t r i p s 
fail c o i n c i d e n t a l l y . But t h e m o r e co inc iden t f a i l u r e s tha t one p o s t u l a t e s , 
the l e s s c r e d i b l e the s i t u a t i o n b e c o m e s , and a f a i l u r e of al l c o n t r o l s is 
c o n s i d e r e d i n c r e d i b l e . It is a s s e r t e d tha t as one m o v e s a long the l ine of 
d e c r e a s i n g c r e d i b i l i t y one r e a c h e s a poin t we l l b e f o r e the f a i l u r e of a l l 
c o n t r o l s w h e r e the bounds of c r e d i b i l i t y end. 

T h e compound ing of: 

(1) L a r g e fuel o v e r l o a d i n g of the r e a c t o r c a u s e d by o p e r a t o r 
j u d g m e n t e r r o r 

(2) I n a t t e n t i o n on the p a r t of two r e a c t o r o p e r a t o r s 

(3) F a i l u r e o r b y p a s s i n g of p e r i o d t r i p c i r c u i t s 

(4) E r r o n e o u s s e t t i ng of t h r e e h igh l e v e l t r i p c i r c u i t s is c o n s i d ­
e r e d a l m o s t beyond the r e a l m of c r e d i b i l i t y . H o w e v e r , in o r d e r to p r o d u c e 
a s e v e r e n u c l e a r a c c i d e n t wh ich a p p r o a c h e s the l i m i t s of Z P R - 6 and -9 
r e a c t o r ce l l c o n t a i n m e n t c a p a b i l i t y , t h e f a i l u r e of a l l c o n t r o l s is p o s t u l a t e d . 



The r e s u l t s of an i n t e r m e d i a t e c l o s u r e a c c i d e n t d i s c u s s e d in C h a p t e r XI as 
t h e MCA is c o n s i d e r e d wi th t h e add i t i ona l h y p o t h e s e s tha t no t r i p c i r c u i t s 
a r e o p e r a b l e and tha t t he o p e r a t o r s con t inuous ly add r e a c t i v i t y ( i . e . , k e e p 
the m o v e a b l e t a b l e m o v i n g t o w a r d c l o s u r e ) i gno r ing the s e v e r a l i n d i c a t o r s 
of n e u t r o n flux l e v e l and i t s r a t e of c h a n g e . 

F o r p u r p o s e s of d e t a i l e d d i s c u s s i o n , t h e 3 5 0 0 - l i t e r c a r b i d e m o c k u p 
is u s e d a s t h e r e f e r e n c e c a s e . D i s c u s s i o n of e v e r y p o s s i b l e c o r e is not 
f e a s i b l e , and in any c a s e , t he r e p e t i t i v e de t a i l would tend to o b s c u r e r a t h e r 
t h a n en l igh ten . The 3 5 0 0 - l i t e r c a r b i d e c o r e is c o n s i d e r e d to be t y p i c a l of 
the c o r e s tha t a r e of suf f ic ient i n t e r e s t to the fas t r e a c t o r p r o g r a m to r e p ­
r e s e n t l ike ly m o c k u p s on t h e s e a s s e m b l i e s . The p r o p o r t i o n s of c o n s t i t u e n t 
m a t e r i a l s for t h i s c o r e a r e r e a s o n a b l y s i m i l a r to a l l but the s m a l l e s t c o r e s 
of th i s t y p e . (See T a b l e I I - l . ) The n o m i n a l 3 5 0 0 - l i t e r c o r e w a s s e l e c t e d as 
the r e f e r e n c e for d i s c u s s i o n of a d e s i g n b a s i s a c c i d e n t b e c a u s e i t s c o r e 
c o m p o s i t i o n is t y p i c a l of t h o s e to be s t u d i e d and it is the l a r g e s t p r o p o s e d 
c o r e con ta in ing t h e g r e a t e s t a m o u n t of p l u t o n i u m . 

B. A n a l y t i c a l T e c h n i q u e s 

The DBA is a n a l y z e d u s ing a modi f ied f o r m of the R - 1 0 1 k i n e t i c s 
code coup led to s e v e r a l s u b r o u t i n e s to c a l c u l a t e t h e n e u t r o n i c e x c u r s i o n , 
t he t e m p e r a t u r e d i s t r i b u t i o n w^ithin the r e a c t o r , t he m e t a l b u r n i n g r a t e s , 
and the ce l l p r e s s u r e , a s funct ions of t i m e . E x p a n s i o n , D o p p l e r and fuel 
flow r e a c t i v i t y f eedback t e r m s a r e c a l c u l a t e d in the s u b r o u t i n e s and a p p r o ­
p r i a t e l y i n t r o d u c e d into R - 1 0 1 r e a c t i v i t y e q u a t i o n s . 

A s p r e v i o u s l y s t a t e d the 
R - 1 0 1 code is b a s i c a l l y a one en ­
e r g y g r o u p , point r e a c t o r , k i n e t i c s 
code . H o w e v e r it is p o s s i b l e to 
s i m u l a t e s p a t i a l r e a c t i v i t y ef fects 
by d iv id ing the r e a c t o r into z o n e s 
and apply ing a p p r o p r i a t e flux, 
i m p o r t a n c e , and s t a t i s t i c a l w e i g h t s 
to e a c h zone . The l a r g e r the n u m ­
b e r of z o n e s , t h e m o r e a c c u r a t e l y 
the a c t u a l r e a c t o r i s r e p r e s e n t e d . 
To a d e q u a t e l y r e p r e s e n t the 
3 5 0 0 - l i t e r c a r b i d e c o r e , five 
zones w e r e s e l e c t e d . R a d i a l and 
ax i a l d i m e n s i o n s of the zones s e ­
l e c t e d a r e shown in F i g . X I I - 1 . 

The n e u t r o n d e n s i t y and 
h e n c e pow^er d e n s i t y in zone " j " 

-55. 2 -

-81.2 ' 

—129.6 cm 

OUTER BOUHDARY 

OUTER 
BOUNDARY 

Fig. XII-1. Reactor Zone Used in Design Basis 
Accident (DBA) Calculation 
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i s r e l a t e d to the a v e r a g e n e u t r o n d e n s i t y in a one e n e r g y g r o u p b a r e h o m o ­
g e n e o u s c o r e by t h e fol lowing equa t ion . 

w h e r e 

$^ = a v e r a g e n e u t r o n flux in zone " j " 

f. = f r a c t i o n of t o t a l r e a c t o r po'wer in zone " j " 

Vi = v o l u m e of zone " i " 

Vi = t o t a l r e a c t o r v o l u m e 

$ = a v e r a g e n e u t r o n flux in the r e a c t o r 

M- = a c o n s t a n t for zone " i . " 

The r e a c t i v i t y c h a n g e due to t e m p e r a t u r e can b e r e l a t e d to zona l t e m p e r a ­
t u r e by not ing tha t the p e r t u r b a t i o n e x p r e s s i o n g iven by M e n e g h e t t i can be 
w r i t t e n a s fol lows.^ 

All Energy All Zones "^Zone Volume L Tempera ture ^ ' J 
Ak _ Groups ^ 
T~ " i 

X r (|)*P<I> dV 
All Energy "'Reactor 

Groups Volume 

H e r e the d e n o m i n a t o r of the r i gh t -hand s ide i s t he i m p o r t a n c e we igh t ed 
p r o d u c t i o n i n t e g r a l and the o t h e r t e r m s a r e a s fo l lows : 

Ak = r e a c t i v i t y c h a n g e due to t e m p e r a t u r e 

$ = r e a c t o r flux ( co lumn v e c t o r ) 

$* = n e u t r o n i m p o r t a n c e ( co lumn v e c t o r ) 

P = n e u t r o n p r o d u c t i o n m a t r i x 

L = n e u t r o n l o s s m a t r i x 

Q = t e m p e r a t u r e 

dV = i n c r e m e n t a l v o l u m e . 

The i n d i c e s and a r g u m e n t s h a v e b e e n o m i t t e d for s imp l i f i ed p r e s e n t a t i o n . 

When the above equa t ion i s c o n t r a c t e d to one e n e r g y g r o u p to be 
c o m p a t i b l e w i th t h e R - 1 0 1 k i n e t i c s c o d e , we h a v e t h e fo l lowing: 
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All Zones -^Temperature ^ J 

where 

^Volume of j 
cp*0 dV 

J 
W- = Statistical w êight of zone " j " 

$*$ dVy 

Reactor 
Volume 

C _ T̂  1 f ^u ^. ̂  1 / S P aL\ 
-T— = Doppler feedback term •—•;—;— r̂ —I 
Sj ^^ PVSe Se/ooppler 

^ ^ . . -,1 , 1 / S P SL\ 
E = Expansion feedback term -̂ r -̂  :̂:— Expansion 

Zonal fluxes, temperatures, and feedbacks are thus related to the average 
neutron flux as calculated in R-101. The expansion coefficients, the Doppler 
coefficients, the statistical weights, and the M-'s are calculated by use of 
the one dimensional, multienergy-group diffusion theory code MACHl.^ 

The Doppler coefficient was evaluated by calculating the change in 
kg££ using cross section sets w îth cross sections appropriate for 300 and 
500°K, respectively. A 9~^ Doppler reactivity temperature dependence was 
assumed and the Doppler coefficient calculated as follows: 

C = 
, 500" 

Separate evaluations of the fuel and U Doppler coefficients were made. 

The expansion coefficient was evaluated by calculating the change in 
k |£ resulting from the redistribution of fuel in the axial direction. A linear 
relation between temperature and fuel e:^pansion was assumed. Since the 
length of a column of fuel, L, is known, a linear expansion coefficient of 
dL/dS of 1.54 x 10" is assumed, and Ak/k for an expansion of 6L cm (l cm 
in this case) is calculated from MACHl, we can evaluate the expansion co­
efficient as follows: 

\L de U / L 
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To c a l c u l a t e the m a t e r i a l t e m p e r a t u r e s wi th in a g iven zone , t he 
p l a t e s which c o m p r i s e the load ing a r e a s s u m e d to have t e m p e r a t u r e g r a ­
d i en t s only in the t r a n s v e r s e d i r e c t i o n . Th i s is a r e a s o n a b l e a p p r o x i m a ­
t ion s i n c e r e l a t i v e l y s m a l l t e m p e r a t u r e g r a d i e n t s ex i s t in the ax ia l and 

v e r t i c a l d i r e c t i o n s , and in add i t ion 

/ 
/ 

/ 

FUEL 

ALLOY 

/ 

A = MATRIX TUBE 

B = DRAWER TUBE 

C = CLADDING Na CAN 

D = Na 

E = CLADDING Na CAN 

F = DEPLETED URANIUM 

G = CLADDING FUEL ALLOY 

H = Pu-U-Mo ALLOY 

1 = CLADDING FUEL ALLOY 

J = CLADDING Na CAN 

K = Na 

L = CLADDING Na CAN 

M = DEPLETED URANIUM 

N = DRAWER TUBE 

0 = MATRIX TUBE • 

0.1521 

0.0762 

0.0381 

1.2700 

0.0381 

0.3175 

0.0381 

0.6360 

0.0381 

0.0381 

1.2700 

0.0381 

0.3175 

0.0762 

0.152i( 

0.060 

0.030 

0.015 

0,500 

0.015 

0.125 

0.015 

0.250 

0.015 

0.015 

0.500 

0.015 

0.125 

0.030 

0.060 

s i n c e the t r a n s v e r s e p l a t e d i i n e n -
s ions a r e s m a l l c o m p a r e d to the ax i a l 
o r v e r t i c a l d i m e n s i o n s , h e a t flow is 
p r i m a r i l y in the t r a n s v e r s e d i r e c t i o n . 
F i g u r e XII-2 shows t h e r e g i o n and r e ­
g ional m a t e r i a l s c o m p r i s i n g t h e ce l l s 
and z o n e . * B o u n d a r y c o n d u c t i v i t i e s 
and gap c o n d u c t a n c e s a r e i n i t i a l l y 
a s s i g n e d to the c o n t a c t s u r f a c e s b e ­
t w e e n r e g i o n a l m a t e r i a l s . As e x p a n ­
s ion o c c u r s , t he con tac t c o n d u c t a n c e s 
a r e r e c a l c u l a t e d and s e t equa l to a p ­
p r o p r i a t e v a l u e s . When m e l t i n g o c c u r s 
the con t ac t conduc t iv i ty is i n c r e a s e d to 
14 c a l o r i e s cm"^ sec"^ (°C)"^ 

(-10^ Btu h r ' ^ ft"^ ( °F ) " ' ) . M a t e r i a l 
14 REGIONS, H MATERIALS, 6 PROPERH RANGES 

* POSITION 0 REPRESENTS THE BEGINNING OF NEXT CELL 

Fig. XII-2. Regions of Cells 

t e m p e r a t u r e s a r e c a l c u l a t e d a t a 
n u m b e r of n o d a l p o i n t s •within t h e 
m a t e r i a l a n d t h e s e a r e s u b s e q u e n t l y 
a v e r a g e d t o o b t a i n a n a v e r a g e m a t e ­
r i a l t e m p e r a t u r e . M a t e r i a l t e m p e r a ­

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

F i g u r e X I I - 3 A s h o w s t h e n o d a l p o i n t a r r a n g e m e n t w i t h i n a g i v e n 
m a t e r i a l o r r e g i o n . T h e c o r r e s p o n d i n g t e m p e r a t u r e e q u a t i o n u s e d in t h e 
c a l c u l a t i o n s i s a s f o l l o w s : 

w h e r e 

Ki2(01 - 02) At + K32(e3 - 02) At = C2(el " ©2) 

K12 K 32 
Ax 

C2 = p a A x 

k = t h e r m a l c o n d u c t i v i t y of m a t e r i a l 

A x = d i s t a n c e b e t w e e n n o d a l p o i n t s 

*A zone is comprised of a number of identical cells which contain various materials in locations called 
regions. 



p = m a t e r i a l d e n s i t y 

a = m a t e r i a l h e a t c a p a c i t y 

0j^ = t e m p e r a t u r e of noda l poin t "n" at t i m e t • 

0n — t e m p e r a t u r e of nodal poin t "n" at t i m e t + At. 

Uni t d i m e n s i o n s a r e a s s u m e d in the d i r e c t i o n s t r a n s v e r s e to t ha t of the 
c a l c u l a t i o n s . 

-BOUNDARY PLUS GAP ( I F ANY) 

1 7 0 2 

MATERIAL 2 

- ^ T ^ * ' Ky - t— 

3B 

MATERIAL \ 

Fig. XII-3. Nodal Diagram Used in Design Basis 
Accident (DBA) Calculation 

F i g u r e XI I -3B shows t h e nodal point a r r a n g e m e n t u s e d in the v i c in i t y 
of con t ac t b e t w e e n two m a t e r i a l s . Th i s a r r a n g e m e n t is u s e d to a l low the i n ­
t r o d u c t i o n of l a r g e con t ac t c o n d u c t a n c e s wi thout r e q u i r i n g i m p r a c t i c a b l e 
c o m p u t e r runn ing t i m e s to a c h i e v e " t i m e s t a b i l i t y , " i . e . , to a v e r t an i m p l i e d 
v i o l a t i o n of the s e c o n d l aw of t h e r m o d y n a m i c s d u r i n g the c a l c u l a t i o n . The 
c o r r e s p o n d i n g t e m p e r a t u r e equa t ion is as fo l lows. Aga in uni t d i m e n s i o n s 
in the t r a n s v e r s e d i r e c t i o n s a r e a s s u m e d . 

[Hio(0i - So) + K2o(02 - 0o)] At = cM - Qo) 

w h e r e 

1 
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Axi 

Co = PiOiAxi 

AX2 
—— = d i s t a n c e b e t w e e n noda l po in t " 0 " and the b o u n d a r y 

k2 = t h e r m a l conduc t iv i ty of m a t e r i a l 2 

Ax? _ 
' = d i s t a n c e b e t w e e n nodal poin t 1 and the b o u n d a r y 

ki = t h e r m a l conduc t iv i t y of m a t e r i a l 1 

h = b o u n d a r y c o n d u c t a n c e b e t w e e n m a t e r i a l s 

Pi = d e n s i t y of m a t e r i a l 1 

Oi = h e a t c a p a c i t y of m a t e r i a l 1 

AXi — d i s t a n c e b e t w e e n noda l po in t s in m a t e r i a l 1 

The m a x i m u m a l l o w a b l e t i m e s t e p in the c a l c u l a t i o n i s g iven by t h e follow^-
ing if F i g . 3A i s d o m i n a n t . 

2k 

If F i g . XI I -3B i s d o m i n a n t , the m a x i m u m t i m e s t e p in the c a l c u l a t i o n is 
g iven by 

At 
1 

+ - i 
^^^^^^^^IkT + h + TiT̂  

T a b l e X I I - l c o n t a i n s m a t e r i a l c o n s t a n t s u s e d a s input d a t a to t h e 
c o d e s . A n u m b e r of m a t e r i a l t e m p e r a t u r e r a n g e s h a v e b e e n s e l e c t e d to 
r e p r e s e n t t h e m a t e r i a l p a r a m e t e r s wi th c o n s t a n t s w i th in e a c h t e m p e r a t u r e 
r a n g e . A t e m p e r a t u r e r a n g e t e r m i n a t i n g a f t e r a fuel t e m p e r a t u r e r i s e of 
48°C w a s i n t r o d u c e d to a l low the fuel a l loy to m a i n t a i n an e x p a n s i o n r e a c ­
t iv i ty coef f ic ien t equa l to z e r o unt i l the m a x i m u m p o s s i b l e gap b e t w e e n the 
fuel and i t s c o n t a i n e r is f i l led . A d u m m y r a n g e w a s added to a l low t h e c a l ­
cu l a t i on to con t inue beyond s o d i u m b o i l i n g , if n e c e s s a r y . 

The c a l c u l a t i o n a s s u m e s fuel to be expe l l ed f r o m the r e a c t o r 0.1 s e c 
a f t e r the fuel t e m p e r a t u r e r e a c h e s the m e l t i n g poin t of s t a i n l e s s s t e e l . In 
a c t u a l i t y the fuel wi l l p r o b a b l y b e g i n flowing out s h o r t l y a f t e r i t i s m e l t e d 
and shu tdown would b e g i n s o o n e r . A m e t a l f i r e i s a s s u m e d to s t a r t when 
the fuel s t a r t s to flow and i s a s s u m e d to g e n e r a t e h e a t a t a r a t e of 2.3 x 
10^ c a l o r i e s s e c " ^ . In add i t ion , s o d i u m v a p o r i s a s s u m e d to be g e n e r a t e d 
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a t a r a t e p r o p o r t i o n a l t o t h e h e a t flow^ i n t o t h e s o d i u m a f t e r t h e s o d i u m 
b o i l i n g t e m p e r a t u r e i s r e a c h e d . T h e s o d i u m v a p o r i s a s s u m e d to b u r n 
i n s t a n t a n e o u s l y . 

T a b l e XI I -1 

S E L E C T E D T H E R M A L D A T A F O R R E A C T O R M A T E R I A L S 

R a n g e 

U p p e r 
T e m p , H e a t C a p a c i t y , 

c a l / g m °C 
T h e r m a l C o n d u c t i v i t y , 

C a l o r i e U n i t s 
L a t e n t H e a t , 

c a l / g m 

Fuel Alloy 

1 
2 
3 
4 
5 
6 
7* 

1 
2 
3 
4 
5 
6 
7* 

1 
2 
3 
4 
5 
6 
7* 

348 
850 

1230 
1230 
3700 
3700 
3700 

3 70 
3 70 
650 
850 

1155 
1155 
4200 

500 
900 

1670 
1670 
2500 
2500 
4200 

0 .030 
0 .036 
0 .0395 

10^ 
0 .047 

10^ 
10^ 

0 .338 
10^ 

0 .318 
0 .305 
0 .302 

10^ 
0 .302 

0 .121 
0 . 1 3 8 
0 .168 

10^ 
0 .250 

10^ 
0 .250 

D 

S o d i u m 

S t a i n l e s s 

e p l e t e d U 

0 .064 
0 .078 
0 .100 
0.130 
0 .233 
0 .300 
0.300 

0 .212 
0 .207 
0 .192 
0 .163 
0 .133 
0 .115 
0 .01 

S t e e l 

0 .040 
0 .048 
0 .066 
0 .079 
0 .080 
0 .080 
0 .080 

r a n i u m 

1 
2 
3 
4 
5 
6 
7* 

1400 
1400 
1900 
2800 
4200 
4200 
4200 

0.0362 
10^ 

0.0440 
0.0460 
0.0480 

10^ 
0 .048 

0 .084 
0 .120 
0 .160 
0 .240 
0 .300 
0 .300 
0 .300 

15 

450 

27.05 

1005 

50 

2100 

20.0 

450,0 

* D u m m y R a n g e : S e e t e x t . 



T h e he'at g e n e r a t e d by b u r n i n g v a p o r and l iquid is a s s u m e d to i m m e ­
d i a t e l y h e a t t he ce l l a i r to r a i s e i t s t e m p e r a t u r e and the ce l l p r e s s u r e . T h e 
c a l c u l a t i o n a s s u m e s no h e a t t r a n s f e r to t h e ce l l w^alls o r c o n t e n t s , i . e . , an 
a d i a b a t i c s i t u a t i o n is c a l c u l a t e d . A flow r a t e of 2400 c f m / p s i g is t a k e n for 
the ce l l a i r e x h a u s t r a t e t h r o u g h the sand f i l t e r s . T h i s is s o m e w h a t c o n ­
s e r v a t i v e c o m p a r e d to t h e 3200 cfnm p e r ps ig m e a s u r e d for a s c a l e d m o c k u p 
u s ing the s a m e type of sand t h a t wi l l b e u s e d in t h e full s i z e f i l t e r . T e m ­
p e r a t u r e and p r e s s u r e c a l c u l a t i o n s a r e i n c r e m e n t e d e a c h t i m e a t r a n s f e r i s 
ef fec ted to the h e a t t r a n s f e r s u b r o u t i n e s i n c e t h i s s u b r o u t i n e in t u r n c a l l s a 
s u b r o u t i n e which c a l c u l a t e s t h e e n e r g y r e l e a s e d due to b u r n i n g fuel and s o ­
d i u m which in t u r n c a l l s t he p r e s s u r e s u b r o u t i n e . The e n e r g y d e r i v e d i s 
c o m p r i s e d of a p a r t due to b u r n i n g l iquid fuel and s o d i u m and a p a r t due to 
b u r n i n g v a p o r i z e d s o d i u m . 

AQ = 1.52 X 10^ AMg + 920 At 

w h e r e 

AQ = e n e r g y r e l e a s e d d u r i n g the t i m e i n t e r v a l At 

AMs — quan t i t y of s o d i u m v a p o r p r o d u c e d d u r i n g the t i m e i n t e r v a l At 

At = t i m e i n t e r v a l betw^een s u c c e s s i v e c a l c u l a t i o n s . 

The p r e s s u r e is c a l c u l a t e d a s i n d i c a t e d in the following s e q u e n c e : 

1. A p r e s s u r e i n c r e a s e due to h e a t input AQ to the ce l l a i r is c a l ­
cu l a t ed . I t is a s s u m e d t h a t a neg l i g ib l e f r a c t i o n of the ce l l a i r e s c a p e d f r o m 
the ce l l d u r i n g the t i m e i n c r e m e n t At; i . e . , a c o n s t a n t v o l u m e p r o c e s s is 
i n i t i a l l y a s s u m e d . 

AQ 
. . A P = a ^ 

w h e r e 

a = c o n s t a n t 

A P = i n c r e a s e in p r e s s u r e in t i m e At due to h e a t input 

V = ce l l v o l u m e . 

2. A new ( i n t e r m e d i a t e ) c e l l p r e s s u r e Pg i s c a l c u l a t e d and an 
a v e r a g e ce l l p r e s s u r e d u r i n g t i m e At i s c a l c u l a t e d . 

P2 = P i + AP 

P = P j + 0 .5 A P 

w h e r e 

P j — ce l l p r e s s u r e at beg inn ing of t i m e i n c r e m e n t At. 
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3. The change in ce l l a i r t e m p e r a t u r e a s s o c i a t e d wi th t h e AP in ­
c r e a s e i s now c a l c u l a t e d 

T i 
AT - —- AP 

w h e r e 

Ti = ce l l t e m p e r a t u r e at t h e s t a r t of i n t e r v a l At. 

4 . A new t e m p e r a t u r e and an a v e r a g e t e m p e r a t u r e is c a l c u l a t e d . 

T2 = Ti + AT 

"T" = Tj + 0.5 AT. 

5. Nex t the quan t i t y of a i r wh ich flows out of the ce l l d u r i n g At 
i s c a l c u l a t e d a s is an a v e r a g e spec i f i c v o l u m e . 

AY = B ( P - P o ) At 

_ T 
V = 7 p" 

w^here 

P Q — a t m o s p h e r i c p r e s s u r e 

V = c o n s t a n t 

7 = c o n s t a n t . 

6 . T h e c h a n g e i n t h e c e l l a i r w e i g h t a n d a n e w c e l l a i r w e i g h t i s 
c a l c u l a t e d . 

AW = A V / v 

W3 = W i - AW 

• w h e r e 

Wi = w e i g h t of c e l l a i r a t b e g i n n i n g of t i m e A t . 

7. F i n a l l y a new p r e s s u r e wh ich a c c o u n t s for a i r flow out of the 
ce l l i s c a l c u l a t e d . 

P 3 := P 2 ( W 3 / W i ) . 

The s u b r o u t i n e t h e n r e s e t s the in i t i a l v a l u e s of the p r o b l e m as fol lows and 
r e p e a t s the e n t i r e p r o c e d u r e on each p a s s . 

Pi 
wl 
T} 

= P3 

= W3 

= T2. 
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In e x c e s s of one h u n d r e d p a s s e s t h r o u g h the p r e s s u r e code a r e m a d e s u b ­
s e q u e n t to the i n i t i a t i on of fuel flow (shutdo'wn) or s o d i u m v a p o r i z a t i o n . 
At ' s a r e of the o r d e r of t e n s of m i l l i s e c o n d s . T h u s , a l though a p p r o x i m a t e , 
the c a l c u l a t i o n shou ld a d e q u a t e l y d e s c r i b e the s i t u a t i o n . 

T a b l e XI I -2 s u m m a r i z e s the input u s e d in the h e a t g e n e r a t i o n and 
p r e s s u r e c a l c u l a t i o n s . 

T a b l e XI I -2 

H E A T AND P R E S S U R E C A L C U L A T I O N INPUT DATA 

Speci f ic Hea t A i r (Cons tan t V o l u m e ) 0 .174 B t u / l b - ° F 

Cel l V o l u m e 36,500 ft^ 

In i t i a l Ce l l P r e s s u r e 14.7 p s i a 

A t m o s p h e r e P r e s s u r e 14.7 p s i a 

F l o w R a t e t h r o u g h Sand F i l t e r s (B) 40 f t y p s i g - s e c 

In i t i a l Ce l l A i r T e m p e r a t u r e 530°R 

In i t i a l Weight of Ce l l A i r 2,700 lbs 

a (See t ex t ) 2 .13 

7 (See t ex t ) 0.37 

Hea t Add i t ion R a t e due to B u r n i n g 
F u e l 210 B t u / s e c 

Hea t Addi t ion R a t e due to B u r n i n g 
L i q u i d Na 710 B t u / s e c 

Heat Addi t ion R a t e due to B u r n i n g 
V a p o r i z e d Na 1.52 x 10^ B t u / k g 

C P a r a m e t e r s Inf luencing DBA R e s u l t s 

Up to the po in t "where fuel f i r s t s t a r t s t o m e l t the c a l c u l a t i o n of the 
c o u r s e of t h e e x c u r s i o n is r e l a t i v e l y u n a m b i g u o u s . T o t h a t po in t the e x ­
c u r s i o n wi l l e s s e n t i a l l y p r o c e e d a s sho^wn in F i g . X I - 3 . Ho-wever, f r o m tha t 
po in t the e x a c t c o u r s e of the e x c u r s i o n d e p e n d s on the i n t e r p l a y of s e v e r a l 
i n t e r r e l a t e d p r o c e s s e s : 

(a) The e x p a n s i o n c h a r a c t e r i s t i c s of the d r a w e r m a t e r i a l s . 

(b) The t i m e r e q u i r e d for the fuel to p e n e t r a t e to c l a d . 

(c) The t e m p e r a t u r e a t w h i c h the s o d i u m c a n s f a i l . 
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(d) The heat t r ans fe r ve r sus t ime cha rac t e r i s t i c s for m a t e r i a l s 
in a ma t r ix dra^wer. 

(e) The flo^w phenomena for molten ma te r i a l in a dra^wer. 

It is des i rab le to d igress and d iscuss each of these points in 
some detai l . 

1. Expansion Charac te r i s t i c s 

A des i rable cha rac t e r i s t i c of the usual cores in the ZPR s y s ­
t ems is that they a r e , in genera l , very dense . That i s , the var ious ma te r i a l 
p i e c e s - - u r a n i u m , sodium, carbon, e t c . - - t ake up all but a smal l fraction of 
the ma t r ix volume. Typically, a volume fraction of about 6 vol % is left void. 
The 6 vol % is dis t r ibuted as the c learance bet^ween the dra'wer and the 
ma t r ix •walls, and c learance bet^ween the ma t r i x tubes . The expansion 
cha rac t e r i s t i c s of the drawer m a t e r i a l s , and in par t icu la r of sodium, a re 
such that on heating they tend to fill the available void space at re la t ively 
lô w t e m p e r a t u r e s . 

Table XII-3 l i s t s the average volumetr ic expansion coefficients 
of the core m a t e r i a l s over the range 20 to 900°C, including phase changes 
•where re levant . The vo lumet r ic expansion of each constituent as well as the 
total volumetr ic expansion for the 3500-li ter carbide core a re a lso shown. 
The net dec rease in void volume at any t empe ra tu r e •will be the difference 
bet^ween the total vo lumetr ic expansion of the consti tuents and the volumetr ic 
expansion of the ma t r i x tube containing them. In the actual situation the 
steel m a t r i x t e m p e r a t u r e s may or may not lag the drawer constituent t em­
p e r a t u r e s , depending on the par t icu la r a r r a y in any given dra'wer, but there 
will be no tendency for the s teel ma t r i x to be at a higher t empera tu re than 

Table XI I -3 

EXPANSION P R O P E R T I E S OF CORE MATERIALS 
(3500 l i t e r Ca rb ide C o r e ) 

A v e r a g e 'yolum.etric Expans ion 
Coefficient 20-900°C x 10-^-^~ 

U / P u F u e l U r a n i u m S ta in l e s s Carbon Sodium 

79 6 1 2 54 5 293 

A'V 
Change m Volume •rr^% at T e m p e r a t u r e T, °C 

All M a t r i x Net Void 
T, °C F u e l U SS C Na M a t e r i a l s Steel D e c r e a s e 

20 
300 2.2 
500 3.8 
700 5.4 
900 7.0 

1.7 
2 9 
4 2 
5 4 

1.5 
2 6 
3 7 
4 8 

0 1 
0 . 2 
0 3 
0 4 

8 2 
14 1 
20 0 
25 8 

4 3 
7 .4 

10.6 
13.7 

-1 5 
-2 6 
-3 .7 
-4 8 

2 .8 
4 . 8 

6 9 
8.9 



the a v e r a g e of the c o n s t i t u e n t s . A s s u m p t i o n of s t e e l m a t r i x t e m p e r a t u r e s 
equa l to the a v e r a g e t e m p e r a t u r e g i v e s a r e a s o n a b l e bu t c o n s e r v a t i v e e s t i ­
m a t e , of the ne t d e c r e a s e in vo id a t any t e m p e r a t u r e . T h i s is a l s o l i s t e d 
in T a b l e X I I - 3 . 

2. P e n e t r a t i o n R a t e s of I r o n and S tee l by Hot F u e l 

Good da ta e x i s t on the p e n e t r a t i o n r a t e s of i r o n and s t e e l by 
u r a n i u m and u r a n i u m - f i s s i u m a l l o y s . The Z P R fuel is a u r a n i u m - Z 8 -wt % 
p l u t o n i u m - 2 . 5 wt % m o l y b d e n u m a l loy w h i c h f o r m s e u t e c t i c s w i th i r o n 
a n a l o g o u s l y to u r a n i u m bu t w^ith the m e l t i n g p o i n t s of b o t h the p u r e fuel and 
f u e l - i r o n e u t e c t i c loAvered s o m e w h a t by the p r e s e n c e of p l u t o n i u m . (Actua l ly 
the fuel a l loy d o e s not have a s ing le w^ell-defined m e l t i n g po in t . I ts s o l i d u s 
is e s t i m a t e d t o be 880°C and i t s l i qu idus 980°C. It is fel t t ha t t he p r o p e r t i e s 
of t h i s a l l oy a r e w^ell enough know^n t h a t the e s t i r a a t e is qu i t e e x a c t . ) The 
m e l t i n g po in t s of u r a n i u m and the fuel a l loy a r e 1125°C and 880-980°C, 
r e s p e c t i v e l y , and the i r o n - e u t e c t i c m e l t i n g po in t s a r e 725 and 625°C, 
r e s p e c t i v e l y . 

W a l t e r and K e l m a n have s t u d i e d the r a t e of p e n e t r a t i o n of 
Type 304 s t a i n l e s s s t e e l by m o l t e n u r a n i u m and u r a n i u m - f i s s i u m a l l o y . 
M o l t e n u r a n i u m e x h i b i t e d p e n e t r a t i o n r a t e s of 15 m i l / s e c at 1150°C, about 
25°C above i t s m e l t i n g poin t , d r o p p i n g to 4 m i l / s e c a t 1187°C and i n c r e a s ­
ing a g a i n to 6.5 m i l / s e c a t 1350°C. The r e v e r s a l in p e n e t r a t i o n r a t e •with 
t e m p e r a t u r e w^as a t t r i b u t e d to the f o r m a t i o n of an i n t e r m e t a l l i c c o m p o u n d 
UFe2, w h i c h r e t a r d s the r e a c t i o n . At 1235°C t h i s c o m p o u n d m e l t s , a l lowing 
the r e a c t i o n r a t e to i n c r e a s e w i t h f u r t h e r t e m p e r a t u r e i n c r e a s e . The p e n e ­
t r a t i o n r a t e s of s t a i n l e s s s t e e l b y u r a n i u m b e l o w the u r a n i u m m e l t i n g po in t 
have b e e n s t u d i e d by M c i n t o s h and Bag ley .^ They found tha t a 2 0 - m i l w a l l of 
s t a i n l e s s s t e e l w a s p e n e t r a t e d in l e s s t h a n one m i n u t e in the t e m p e r a t u r e 
r a n g e 850-950°C, abou t 200°C belov/ the m e l t i n g po in t of u r a n i u m a l o n e . 

Thus the e v i d e n c e is t ha t above the e u t e c t i c m e l t i n g poin t , bu t 
c o n s i d e r a b l y below^ the m e l t i n g po in t of the fuel a l o n e , t i m e s of the o r d e r of 
t e n s of s e c o n d s a r e n e c e s s a r y to p e n e t r a t e the 1 5 - m i l c l a d . As the fuel 
m e l t i n g po in t is r e a c h e d the p e n e t r a t i o n r a t e s i n c r e a s e to t i m e s of the o r d e r 
of a s e c o n d , A f u r t h e r t e m p e r a t u r e i n c r e a s e c a u s e s a t e m p o r a r y d e c r e a s e 
in p e n e t r a t i o n r a t e and t h e n the r a t e i n c r e a s e s a g a i n un t i l the s t e e l i t se l f 
m e l t s a t about 1400°C. 

M o r e r e c e n t da ta by Ke lman^ and Savage on e u t e c t i c p e n e t r a t i o n , 
show^n in F i g . X I I - 4 , s u b s t a n t i a t e the t r e n d s of the p r e v i o u s w o r k , and show 
the f a s t e r p e n e t r a t i o n r a t e s of i r o n a s opposed to s t a i n l e s s s t e e l . The 
e u t e c t i c is shown to r a p i d l y i n c r e a s e in i t s p e n e t r a t i o n r a t e s o m e 60°C or 
so be low the nnelt ing po in t of u r a n i u m a l o n e , r i s i n g to a m a x i m u m at 
about 1100°C. 
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Fig. XII-4. Penetration Rate of Uranium and U-Fe Eutectics through Iron 

The penetra t ion r a t e s were l inear in t ime: twice the s teel 
thickness r equ i red just twice the t ime at any given t e m p e r a t u r e . 

3. Sodium Can Fa i lu re 

A number of t e s t s have been done to give information on the 
t e m p e r a t u r e s at which typical ZPR sodium cans will fail and r e l ea se their 
contents . The cans a r e of two th icknesses , 1/4 in. and 1/2 in. by 2 in. high 
and a re of var ious lengths, but mos t ly 7 or 8 in. The walls a r e 15-mil 
Type 304 s ta in less s tee l . 

In the f i r s t tes t , a l / 4 in. sodium-fil led can was heated without 
constra int in a furnace. The can eventually failed somewhat above 1200°C, 
but only after the sides had ballooned out so that the can had become, in 
effect, a 1.45 in. dia cyl inder . Fa i lu re occur red at the ends . Calculations 
indicate that fai lure is to be expected at 1240°C. 

In the second tes t a 1/4 in. can was totally constra ined top and 
bottom and on both sides by a 1/2 in. s teel plate , with only the ends under 
no cons t ra in t . Fa i lu re occur red at about 830°C, both ends failing, with 
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m o l t e n s o d i u m s q u i r t i n g in bo th d i r e c t i o n s , c a u s i n g an i m m e d i a t e f i r e . 
After cool ing , it w a s found tha t only about 2 g of the o r i g i n a l 46 g of con­
t a i n e d s o d i u m had b e e n r e l e a s e d . 

In the t h i r d t e s t a c o m p l e t e m a t r i x p o s i t i o n w a s m o c k e d up, 
w i th a l o a d e d d r a w e r in a m a t r i x t ube , and the a s s e m b l y w a s h e a t e d . ( B r a s s 
w a s u s e d a s a s u b s t i t u t e for fuel , s i n c e it h a s about the s a m e m e l t i n g po in t . ) 
F o u r 1/4 in . c a n s of s o d i u m w e r e p r e s e n t . The m a t r i x tube p r o v i d e d the 
only c o n s t r a i n t . The s o d i u m c a n s f a i l ed a t 885°C, c a u s i n g an i m m e d i a t e 
f i r e i n s ide the m a t r i x tube and sp l i t t i ng the m a t r i x tube l ong i tud ina l l y on 
one of the top c o r n e r s . The b r a s s m e l t e d a p p a r e n t l y s i m u l t a n e o u s l y and 
r a n out b o t h e n d s . E x a m i n a t i o n a f te r cool ing showed s o m e ba l l oon ing of 
the s o d i u m c a n s to t a k e up the s p a c e left by the b r a s s . 

In t h r e e add i t i ona l t e s t s of m a t e r i a l s h e a t e d t o 700°C in a s i m u ­
l a t e d m a t r i x load ing , involving a t o t a l of 14 m o r e s o d i u m c a n s , no f a i l u r e s 
o c c u r r e d . 

It is conc luded f r o m the t e s t s c o m p l e t e d to da te tha t : 

(a) the c a n s wi l l no t fa i l b e l o w 700°C u n l e s s a t t a c k e d by fuel; and 

(b) the f a i l u r e po in t is d e p e n d e n t on the d e g r e e of c o n s t r a i n t . 

Wi th the d e g r e e of c o n s t r a i n t p r e s e n t in a m a t r i x pos i t i on , none of the four 
c a n s p r e s e n t in t h a t t e s t f a i l ed b e l o w 885°C. F o r s u b s e q u e n t d i s c u s s i o n the 
t h e r m a l f a i l u r e poin t i s t a k e n a s 885°C. 

4 . Hea t T r a n s f e r be tv / een D r a w e r M a t e r i a l s 

The p r e c i s e t e m p e r a t u r e d i s t r i b u t i o n in any g iven d r a w e r a t any 
po in t in t i m e d u r i n g an e x c u r s i o n d e p e n d s on the a r r a y wi th in the d ra 'wer , 
and the r a t e a t w^hich the fuel t e m p e r a t u r e i n c r e a s e s . 

The t h e r m a l p r o p e r t i e s of the d r a w e r m a t e r i a l s a r e g iven in 
T a b l e X I I - 4 . The ef fec ts of v a r i o u s a r r a y s and con t ac t r e s i s t a n c e s on the 
t i m e c o n s t a n t for h e a t t r a n s f e r to the s o d i u m a r e show^n in T a b l e X I I - 5 . 

Table XII-4 

T H E R M A L P R O P E R T I E S O F DRAWER MATERIALS 

F u e l 
Na 
SS 

u 
c 

p, Ib/ft^ 
( g m / c m ^ ) 

1140 (18.4) 
53.5 (0.97) 
500 (7.8) 
1190 (18.7) 
110 (1.8) 

Btu 
'^' h r ft °F 

( c a l / s e c c m ° 

17.9 (0.07) 
50 (0.21) 
9.2 (0.04) 
16.5 (0.07) 
80 (0.33) 

c) 
Cp 

Btu 
lb °F "^ 

c a l / g m °C 

0.037 
0.306 
0.120 
0.030 
0.20 



Table XII-5 

TIME CONSTANT (SECONDS) FROM FUEL TO SODIUM 

Intervening Material l /4 in. Na Can l /2 in. Na Can 

T r a n s f e r Coefficient 

None 
0.0 30 in SS 
1/8 in U, 0.0 30 in SS 
1/8 in C, 0.0 30 in SS 
1/8 in C, 1/8 in U, 

0.030 in SS 

h = I CO 

0.55 
0.95 
1.8 
1.0 

2 .0 

11,000 

0.68 
1.1 
2 . 1 
1.3 

2 . 3 

1,500 

1.4 
1.8 
3 .6 
2 . 8 

4 . 5 

500 

3.2 
3 .6 
7 .1 
6 . 3 

9 .9 

0 0 

2 .2 
3.0 
4 . 7 
3 .3 

5.0 

11,000 

2 . 5 
3 .3 
5.2 
3 .8 

5.8 

1,500 

4 .0 
4 . 8 
8.2 
6 .8 

10 

500 

7 .5 
8 .3 
15 
14 

21 

A range of heat t r ans fe r coefficients, corresponding to var ious contact r e ­
s i s tances a re shown. MacAdams^ quotes exper imenta l determinat ions of 
contact conductances for a luminum blocks which gave a value of h = 500 for 
zero p r e s s u r e to h = 1100 Btu/hr- f t^-°F for a p r e s s u r e of 3800 ps i . These 
values a r e shown to r e p r e s e n t ex t reme l imits of the range for sol ids . 
Wetting of the boundary by molten fuel or sodium inc reases the conductance 
to 100,000 Btu /hr - f t^ -°F . 

Barzelay, Tong, and Holloway® have m e a s u r e d the contact con­
ductance of s ta in less s teel interfaces for var ious surface finishes as a 
function of p r e s s u r e . They obtain conductances for a 30 micro inch r m s 
roughness of 1200 to 1700 Btu/hr- f t^-°F when a min imum surface contact 
p r e s s u r e of 5 ps i was applied. The conductances inc rease to values of 
1700 to 2200 with contact p r e s s u r e s of 425 ps i . The s ta in less s teel sodium 
cans available for use with ZPR-6 and -9 have a 2B finish, which c o r r e ­
sponds to a 15-30 mic ro inch r m s surface roughness . If some allov/ance is 
made for minor surface i r r egu l a r i t i e s and warping of the cans, the 30 m i c r o -
inch r m s surface roughness w^ould s eem applicable. Thus a choice of 
h = 1500 is probably the mos t reasonable value to use to obtain the rma l 
t ime constants . 

5. Flow Phenomena of Melt within a Drawer 

The v iscos i t ies of molten meta l s in genera l a r e not much 
g rea t e r than wate r . In fact, the kinematic v iscosi ty (which is in some •ways 
a be t ter comparat ive index of fluid behavior) is sma l l e r for liquid meta l s 
than for -water. Thus from the point of view of fluid flo^w the molten meta l s 
behave much like water and can be poured, agitated, and flowed through 
orifices and ducts in much the same w^ay as •water.^ For example, the v i s ­
cosity of plutonium-9.6% iron alloy at 808°C has been m e a s u r e d as 6.14cm,^° 
corresponding to a kinematic v iscos i ty of about 0.35 cs . This compares to 
a kinematic v iscos i ty of about 1 cs for water at room t empera tu re , and 
about 0.23 cs for sodium at 900°C. 

Molten fuel and sodium both would tend to run out or be squir ted 
out ve ry rapidly if the i r t empe ra tu r e r ema ins above the l iquidus. As both 



will ignite on exposure to a i r , they a re very unlikely to solidify until they 
contact some ve ry substant ial cool t he rma l mass j which is by definition well 
away from the posit ions of high flux and impor tance . 

To provide a frame of reference in •which possible flo^w phe­
nomena can be judged, the following cases a re examined: 

(a) Total blockage of the channel so no flo^w is poss ib le . 

(b) Expansion of m a t e r i a l s such that flo^w is ve ry cons t r ic ted . 

(c) Fuel clad des t royed so a re la t ively la rge channel ex i s t s . 

6. Total Blockage 

K a channel is momenta r i ly blocked, -with heat being t r a n s f e r r e d 
continuously to the sodium, the sodium cans -would rupture some-where 
around 885°C, the boiling point of sodium at a tmospher ic p r e s s u r e . Only 
enough sodium -would vapor ize to maintain a p r e s s u r e in the available void 
volume equal to the vapor p r e s s u r e of the liquid at each t e m p e r a t u r e . That 
is , for the no-flo-w case , each increment of heat added to the liquid r e su l t s 
in enough additional vapor generat ion to maintain p r e s s u r e equi l ibr ium at 
the ne-w t e m p e r a t u r e . In a ZPR channel the liquid occupies a substant ial 
fract ion of the total volume. The specific volume of the vapor is so much 
g rea t e r than that of the liquid that only a smal l amount of vapor is generated 
by the addition of heat: The major i ty of the heat goes into increas ing the 
t empe ra tu r e (and p r e s s u r e ) of the superheated liquid. 

Thus as the t empe ra tu r e i nc r ea se s above the a tmospher ic boil­
ing point of sodium, the p r e s s u r e in the blocked channel (assuming some 
void remains ) s imply follows up the sa tura ted vapor p r e s s u r e ve r sus t em­
pera tu re curve . The exponential na ture of this curve causes the p r e s s u r e 
in a blocked channel to r i s e rapidly, tending to open the channel at re la t ively 
lo-w t e m p e r a t u r e s , as heat flo-ws into the sodium- (If no void r ema ins the 
p r e s s u r e s r i s e even more sharply to open the channel.) 

Consider a ZPR channel without flow. At 885°C sodium is at 
its boiling point at a tmospher ic p r e s s u r e , -while at 1000°C for example, the 
sa tura ted vapor p r e s s u r e is 2.615 a tm. Assuming per fec t -gas laws, the 
specific volume of sa tu ra ted sodium vapor is 4130 cc /g at 885°C and 
1870 cc /g at 1000°C. The specific volume of liquid sodium at 885°C is 
1.35 cc /g at 885°C and some smal l amount m o r e at l000°Cs but for our 
purposes can be taken as constant at 1.35 c c / g . In a typical ZPR channel 
with 45 vol % sodium and 6 wt % void, the amount of void volume per g r a m 
of sodium liquid is 1.35 x 0.06/0.45 = 0.18 cc /g of liquid. Thus at 885°C 
a max imum of (0.18 cc /g of liquid)/(4130 cc /g of vapor) = 4.35 x 10"^ g of 
vapor per g r a m of liquid could be p resen t . At 1000°C, 0 .18/ l870 = 9-65 x 10" 
is the naaiximum possible amount. Thus in ra is ing the p r e s s u r e of 2.615 a tm 
(23.8 psig) only 5.3 x 10"^ g of vapor would be genera ted per g r a m of liquid 
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p r e s e n t . E v e n t h i s i s an o v e r e s t i m a t e b e c a u s e m o s t of the 6 vol % void would be 
t a k e n up by t h e r m a l e x p a n s i o n . The l iquid would be s u p e r h e a t e d (1000-885) = 
115°C and if i t w a s a s s u m e d t h a t a t t h i s p r e s s u r e the b l o c k a g e w a s opened to 
r e l e a s e the l iqu id to a t m o s p h e r e a f r a c t i o n (CpAT/h.^) = (0.31 x 115) /895 = 
0.04 would v a p o r i z e . (Cp = the spec i f i c hea t , h.^ = h e a t of v a p o r i z a t i o n , 
c a l / g , AT = anaount of s u p e r h e a t . ) 

T h u s in s i t u a t i o n s w h e r e r ap id flow d o e s not s t a r t i m m e d i a t e l y 
on m e l t i n g of the c o n s t i t u e n t s , s u b s t a n t i a l p r e s s u r e s a r e g e n e r a t e d to expe l 
m a t e r i a l s to a l low flow and a ne t v a p o r g e n e r a t i o n of only a few p e r c e n t of 
the to t a l s o d i u m in the m e l t i n g zone r e s u l t s . 

7. C o n s t r i c t e d F l o w 

In a channe l w h e r e one p o s t u l a t e s t ha t one o r m o r e of the s o d i u m 
c a n s h a v e r e l e a s e d b e f o r e the fuel h a s d e s t r o y e d i t s c lad and opened a c l e a r 
channe l for r a p i d flow, the a m o u n t of flow p o s s i b l e i s r a t h e r l i m i t e d . P o s t u -
l a t i o n tha t a t l e a s t one s o d i u m can h a s fa i led i n f e r s tha t it a t l e a s t i s at 
885°C. A s s u m i n g tha t the fuel h a s not r e a c h e d a t e m p e r a t u r e w h e r e i t h a s 
d e s t r o y e d i t s c lad i m p l i e s a r a t h e r s low e x c u r s i o n , for a s wi l l be d i s c u s s e d 
l a t e r in any r e a s o n a b l y r a p i d e x c u r s i o n the s o d i u m t e m p e r a t u r e l a g s the fuel 
t e m p e r a t u r e su f f i c ien t ly t ha t t h e r e i s a m p l e t i m e for the m o l t e n fuel to 
e s c a p e b e f o r e t h e s o d i u m c a n s fa i l . A slow e x c u r s i o n i m p l i e s t i m e for the 
d r a w e r m a t e r i a l s to h e a t r a t h e r u n i f o r m l y . T h e r e f o r e , a s T a b l e XII -2 
s h o w s , the e x p a n s i o n s of m a t e r i a l s i s g r e a t e r t h a n the void a v a i l a b l e for 
t h e i r e x p a n s i o n . T h e r e l e a s e of the s o d i u m can would r e l i e v e the c o n s e q u e n t 
p r e s s u r e but the can i t s e l f would s t i l l be in p l a c e and t h e r e would be l i t t l e 
ne t a r e a for f low. 

A s s u m e an a r b i t r a r y 1% of the c r o s s s e c t i o n a l a r e a of the channe l 
a s a p o s s i b l e flow a r e a . In t h i s c o n s t r i c t e d channe l the f r i c t i o n l o s s wi l l be 
the c o n t r o l l i n g f a c t o r for flow, and the D a r c y equa t ion for f r i c t i o n l o s s can 
be w r i t t e n a s : 

AP = f U ^ 
\ D e 

w h e r e 

AP = p r e s s u r e d r o p 

f = f r i c t i o n f a c t o r 

L = channe l l e n g t h 

Dg = equ iva l en t d i a m e t e r = 4 x ( h y d r a u l i c r a d i u s ) 

V = v e l o c i t y of fluid 

g = g r a v i t a t i o n a l c o n s t a n t 
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F o r a s m o o t h - w a l l e d c h a n n e l , Bon i l l a g i v e s a r e l a t i o n s h i p 
for f o v e r the who le t u r b u l e n t r a n g e : 

f = 0.0056 + 0 .5(Re) -0 .32 

w h e r e 

R e = Dgvp/ / i = R e y n o l d s n u m b e r 

Dg = e q u i v a l e n t d i a m e t e r 

V = v e l o c i t y of fluid 

p = d e n s i t y of fluid 

/i = v i s c o s i t y of fluid 

In d i s c u s s i n g the flow of l i q u i d - v a p o r m i x t u r e s , Bon i l l a r e ­
m a r k s tha t a l t h o u g h h i g h e r v a p o r than l i qu id v e l o c i t i e s , o r " s l i p f low," a r e 
g e n e r a l l y i n d i c a t e d , an a s s u m p t i o n of equa l v e l o c i t i e s for bo th c o m p o n e n t s 
i s s i m p l e r and g i v e s r e s u l t s tha t a g r e e w e l l wi th e x p e r i m e n t a l d a t a . F o r 
our p u r p o s e s t h i s a s s u m p t i o n of a s i ng l e " e q u i v a l e n t f lu id" i s c e r t a i n l y 
good enough . 

T o e s t i m a t e a r e l e v a n t R e , a s s u m e tha t the 1% flow a r e a to be 
d i s t r i b u t e d a s a r e c t a n g u l a r s lo t at the top of t h e d r a w e r 2 in . wide and 
0.020 in. h igh . The a c t u a l a r e a would have a v e r y i r r e g u l a r s h a p e and t h i s 
a s s u m p t i o n p r o b a b l y u n d e r e s t i m a t e s the r e s i s t a n c e to flow. T h e e q u i v a l e n t 
d i a m e t e r of t h i s s lo t i s 4 x ( A r e a / P e r i m e t e r ) = 4 ( 2 x 0 . 0 2 0 / 4 ) = 0.040 in . 
Tak ing a d e n s i t y of 0.65 g / c c for the l i q u i d - v a p o r m i x t u r e , and a v i s c o s i t y 
of 0.167 c P (at 900°C), t hen for an a v e r a g e v e l o c i t y of 10 f t / s e c , the Re-ynolds 
n u m b e r i s 1.2 x 10 , c o r r e s p o n d i n g to f = 0 .030, and a p r e s s u r e d r o p of 
4 p s i / f t of c h a n n e l . The m a s s flow r a t e c o r r e s p o n d i n g to t h i s p r e s s u r e d r o p 
i s 50 g of s o d i u m p e r s e c o n d . T h i s c o m p a r e s to about 350 g of s o d i u m tha t 
i s n o r m a l l y p r e s e n t p e r foot of m a t r i x t u b e . 

To t o t a l l y void one foot of channe l in a second would r e q u i r e a 
p r e s s u r e d r o p of 125 p s i / f t . T h i s would d r i v e out ax i a l b l a n k e t d r a w e r s , 
for e x a m p l e , d e c r e a s i n g r e a c t i v i t y . 

8. F u e l Can D e s t r o y e d 

Once t h e fuel c lad i s d e s t r o y e d the m o l t e n fuel m i x t u r e -will v e r y 
r a p i d l y flow out . S o m e idea of the r a p i d i t y of t h i s p r o c e s s can be ga ined 
f r o m the fol lowing c o n s i d e r a t i o n s : T h e fuel i s l / 4 in. t h i ck . If t h e r m a l e x ­
p a n s i o n of t h e s u r r o u n d i n g m a t e r i a l s h a s not e x e r t e d p r e s s u r e on the l iquid 
c o l u m n , the full l / 4 in . wid th i s a v a i l a b l e for flow. If on the o t h e r hand , 
t h e r e i s s o m e ba l loon ing of the s o d i u m c a n s , t he flow a r e a wi l l be r e d u c e d . 
H o w e v e r the d e c r e a s e in flow a r e a i s j u s t due to fuel be ing d i s p l a c e d a x i a l l y 
f r o m i t , which i s p r e c i s e l y wha t i s d e s i r e d . One canno t h a v e i t both w a y s : 
E i t h e r t h e r e i s a full l / 4 i n . wid th of flow p a t h , o r the fuel h a s a l r e a d y b e e n 
d i s p l a c e d in r e d u c i n g the flow a r e a . 
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A s s u m e no d i s p l a c e m e n t h a s t a k e n p l a c e . A fuel m e l t v e l o c i t y 
of 1 f t / s e c g i v e s a R e y n o l d s n u m b e r of 1 .82 x 10 , for the l / 4 in . wide 
channe l , a f r i c t i o n f a c t o r of 0 .0273 and a p r e s s u r e d r o p of 0.05 p s i / f t . F o r 
a v e l o c i t y of 10 f t / s e c , Re = 1.83 x 10 , f = 0.0160 and the p r e s s u r e d r o p 
i s 2.9 p s i / f t . T h i s s a y s tha t a foot of channe l would be c l e a r e d of fuel in 
one s e c o n d if a p r e s s u r e of only 0.05 p s i / f t w a s bu i l t up , and in l / l O of a 
s econd if the p r e s s u r e d r o p w a s 2.9 p s i / f t . T h e r e wi l l , of c o u r s e , be exi t 
l o s s e s in an o r i f i c e effect at the m a t r i x f a c e . F o r a v e l o c i t y of 1 f t / s e c 
a long the l / 4 in . wide c h a n n e l , the p r e s s u r e d r o p t h r o u g h a l / 4 in . d i a m e t e r 
o r i f i c e at the end would be about 0.33 p s i . T h e r e wil l be s o m e a c c e l e r a t i o n 
l o s s a s w e l l , but t h i s shows the s o r t of s p e e d s one m i g h t expec t in e m p t y i n g 
the c h a n n e l of m o l t e n fuel once the fuel -was r e l e a s e d wi th any s o d i u m v a p o r 
d r i v i n g i t . 

T h e h igh d e n s i t y of a f r e e - s t a n d i n g m o l t e n c o l u m n of fuel c a u s e s 
s ign i f i can t d r i v i n g p r e s s u r e s in c o m p a r i s o n to the above j u s t due to i t s own 
we igh t . 

Ap = p (Z i -Z2 ) ~ 18 x ( 2 l / l 2 ) ( 6 2 . 4 / 1 4 4 ) = 1.3 p s i 

T h a t i s t h e r e i s a h y d r o s t a t i c p r e s s u r e of 1 .3 p s i on t h e m e l t at the b o t t o m 
of the d r a w e r , c a u s i n g it to r u n out r a p i d l y j u s t due to t h i s . About 300 g / s e c , 
for e x a m p l e , would d i s c h a r g e i n i t i a l l y t h r o u g h a l / 4 in . o r i f i c e due to t h i s 
h y d r o s t a t i c h e a d . 

D. M e t a l F i r e s 

A r e v i e w of c u r r e n t knowledge of u r a n i u m , p l u t o n i u m and s o d i u m 
f i r e s i s g iven in Append ix E of Ref. 12. It i s conc luded tha t a l though the 
sub jec t i s c o m p l e x , a c o n s i d e r a b l e body of e x p e r i m e n t a l d a t a h a s b e e n a c ­
c u m u l a t e d in r e c e n t y e a r s so tha t a r e a s o n a b l y q u a n t i t a t i v e u n d e r s t a n d i n g 
of t h e r e l e v a n t p r o c e s s e s h a s b e e n a c h i e v e d . Whi le i t i s s t i l l not p o s s i b l e 
to t r a c e t h e c o u r s e of a p o s t u l a t e d f i r e in d e t a i l , a c o n s e r v a t i v e hand l ing of 
the d a t a g iven in Append ix E of Ref. 12 wi l l pu t r e l i a b l e u p p e r bounds on the 
c o n s e q u e n c e s of f i r e s . 

A s ign i f i can t u r a n i u m or f u e l - a l l o y f i r e i s c o n s i d e r e d i n c r e d i b l e , 
for the fol lowing r e a s o n s : 

(a) T h e cond i t i ons u n d e r w h i c h ign i t ion can t a k e p l a c e can be p r e ­
d i c t e d wi th r e a s o n a b l e con f idence . Ign i t ion of p l a t e s of the s i z e s u s e d for 
fuel in t h e s e a s s e m b l i e s i s e x t r e m e l y u n l i k e l y at r o o m t e m p e r a t u r e s . The 
ign i t ion t e m p e r a t u r e in t h e s e s i z e s i s about 600°C for the fuel a l l oy and 
about 700°C for u r a n i u m . Only v e r y s e v e r e n u c l e a r e x c u r s i o n s in the in ­
c r e d i b l e r a n g e , t ha t i s w i thou t o p e r a t i v e c o n t r o l s , would r a i s e t h e fuel 
t e m p e r a t u r e to t h i s po in t . 



(b) F o r the fuel a l loy , in add i t ion to r e a c h i n g the ign i t ion t e m p e r a ­
t u r e , the 15 m i l s t a i n l e s s s t e e l c lad m u s t a l s o be v i o l a t e d . 

(c) E v e n if ign i t ion did t a k e p l a c e , it i s by no m e a n s c e r t a i n t ha t 
the f i r e would s u s t a i n i t se l f . R a t h e r spec i f i c cond i t i ons of h e a t t r a n s f e r 
and exposed s u r f a c e m u s t be m e t to s u s t a i n b u r n i n g . E n v i r o n m e n t a l t e m ­
p e r a t u r e s n e a r n o r m a l r o o m t e m p e r a t u r e s m a k e s u s t a i n e d b u r n i n g u n l i k e l y . 

(d) F o r m a t e r i a l s in p l a c e in the m a t r i x , f i r e s would be oxygen 
l i m i t e d . 

T h u s the cond i t ions for ign i t ion , or for s u s t a i n e d b u r n i n g a f t e r 
ign i t ion , only e x i s t in a D e s i g n B a s i s A c c i d e n t . The l a t t e r i s c o n s i d e r e d 
i n c r e d i b l e so it fo l lows tha t a s ign i f i can t r a p i d b u r n i n g u r a n i u m or fue l -
a l loy f i r e m u s t a l s o be c o n s i d e r e d i n c r e d i b l e . 

S o d i u m a l s o wi l l not ign i te s p o n t a n e o u s l y in r o o m t e m p e r a t u r e a i r 
( un l e s s it i s s p r a y e d in to the a i r in the f o r m of a v a p o r m i s t ) . The 15 m i l 
s t a i n l e s s s t e e l c lad m u s t be v io l a t ed be fo re any e x p o s u r e to a i r i s p o s s i b l e . 
Vio la t ion of the c lad and v a p o r s p r a y a r e aga in only p o s s i b l e in a D e s i g n 
B a s i s A c c i d e n t , so s ign i f i can t r a p i d b u r n i n g s o d i u m f i r e s a s wel l a r e con­
s i d e r e d i n c r e d i b l e . 

E . D e s i g n B a s i s A c c i d e n t 

The s i t u a t i o n r e g a r d i n g f i r e s , h o w e v e r , i s d i f f e r en t for the c a s e of the 
D e s i g n B a s i s A c c i d e n t w h e r e it i s p o s t u l a t e d tha t c o n s i d e r a b l e q u a n t i t i e s of 
m o l t e n fuel would be expe l l ed f r o m the m a t r i x and onto t h e r e a c t o r bed . The 
exac t q u a n t i t y of m o l t e n fuel on the bed i s , of c o u r s e , diff icul t to e s t i m a t e ; 
h o w e v e r , one can t a k e an e x t r e m e c a s e w h i c h wi l l d e l i n e a t e an u p p e r l i m i t , 
wi th a s s u r a n c e tha t the a c t u a l b u r n i n g r a t e s wil l be c o n s i d e r a b l y l e s s . 
Al though a v a r i e t y of f a c t o r s in f luence b u r n i n g r a t e s of u r a n i u m o r u r a n i u m -
p l u t o n i u m m e t a l s , t he two m a i n f a c t o r s a r e the t e m p e r a t u r e of the s u r r o u n d ­
ing a i r and the s u r f a c e - t o - m a s s r a t i o of the b u r n i n g m a t e r i a l . W h e t h e r o r 
not the m a t e r i a l wi l l i gn i t e , and t h e b u r n i n g be s u s t a i n e d i s d e p e n d e n t on 
the b a l a n c e b e t w e e n the ox ida t ion r a t e (and t h i s i s in t u r n d e p e n d e n t on the 
a m o u n t of s u r f a c e a r e a e x p o s e d for ox ida t ion) and the h e a t r e m o v a l p r o c ­
e s s e s o c c u r r i n g in any p a r t i c u l a r s i t u a t i o n . T h u s , t he d e p e n d e n c e on 
s u r f a c e - t o - m a s s r a t i o of the b u r n i n g m a t e r i a l i s v e r y r e l e v a n t to the s i t u a ­
t ion u n d e r d i s c u s s i o n h e r e . W h e r e the m o l t e n fuel h a s flowed onto the cold 
r e a c t o r bed, t he h e a t conduc t ion to the cold bed wil l t end to r a p i d l y cool the 
m o l t e n fuel , in effect l o w e r i n g the e f fec t ive s u r f a c e - t o - m a s s r a t i o , and d e ­
c r e a s i n g the l i ke l i hood of s u s t a i n e d o r r a p i d b u r n i n g . Thus i g n o r i n g the 
h e a t conduc t ion to the bed wi l l t end to o v e r e s t i m a t e the c o m b u s t i o n r a t e . 
Secondly , t he a m b i e n t a t m o s p h e r e wi l l be a p p r o x i m a t e l y at n o r m a l r o o m 
t e m p e r a t u r e s , i n i t i a l l y at l e a s t , and t ak ing the b u r n i n g r a t e s for an a m b i e n t 
t e m p e r a t u r e above the ign i t ion t e m p e r a t u r e wi l l a g a i n o v e r e s t i m a t e the 
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m a g n i t u d e of the c o m b u s t i o n r a t e . F i n a l l y , it i s diff icul t to e s t i m a t e the 
e x a c t s u r f a c e a r e a of the e x p o s e d m o l t e n fuel , for the h a l v e s would be at 
s o m e i n t e r m e d i a t e po in t in t h e i r c l o s u r e , b u t an o v e r e s t i m a t e should r e s u l t 
f r o m an a s s u m p t i o n tha t the h a l v e s a r e s e p a r a t e d by the full 1.5 m and the 
m o l t e n u r a n i u m - p l u t o n i u m fuel f lows onto the bed fully c o v e r i n g the s u r f a c e . 
T h i s g ives a s u r f a c e a r e a 1 .5 m wide by 2.5 m long , o r an e x p o s e d s u r f a c e 
a r e a of 3.6 x 10 cm^. R e f e r e n c e to F i g . E - 1 of Ref. 12 shows tha t w i th 
a m b i e n t a i r t e m p e r a t u r e s above the ign i t ion p o i n t the b u r n i n g r a t e i s 13 m g 
of o x y g e n / m i n / c m of the e x p o s e d s u r f a c e . Tak ing the m o s t l i ke ly c o m b u s ­
t ion p r o d u c t s a s be ing PuOz and UsOg g i v e s an a v e r a g e h e a t r e l e a s e in c o m ­
b u s t i o n of 223 k c a l / m o l e of u r a n i u m - p l u t o n i u m a l loy . A b u r n i n g r a t e of 
1 3 m g 0 2 / c m • m i n ) for 3.6 x 10 c m of s u r f a c e g i v e s a to t a l b u r n i n g r a t e of 
14.6 m o l e s of o x y g e n / m i n . T h u s t h e t o t a l h e a t r e l e a s e in t h e c o m b u s t i o n 
p r o c e s s i s 14.6 x 223 - 3.25 x 10 k c a l / m i n . The p l u t o n i u m b u r n i n g r a t e i s 
0.3 x 14.6 = 4 .37 n a o l e s / m i n o r 1.05 k g / m i n . T h e u r a n i u m b u r n i n g r a t e i s 
0.7 X 14.6 = 0.75 m o l e s / m i n o r 1.9 k g / m i n . 

T h e t o t a l we igh t of a i r in t h e ce l l i s 1.29 x 10 kg. T a k i n g the s p e ­
cif ic h e a t of a i r at c o n s t a n t v o l u m e a s 0.17 g ives a v a l u e for the t h e r m a l 

^3 
m a s s of the ce l l a i r of 0.219 x 10 k c a l / ° C . T h u s for a h e a t r e l e a s e in the 
c o m b u s t i o n p r o c e s s of 3.25 x 10 k c a l / m i n , the r e s u l t a n t a i r t e m p e r a t u r e 
i n c r e a s e i s 1 5 ° C / m i n , and t h e r e s u l t i n g p r e s s u r e i n c r e a s e in the cel l i s 
0 .75 p s i / m i n . It w i l l b e shown in the n e x t s e c t i o n tha t t h i s m a g n i t u d e of 
p r e s s u r e r i s e i s hand l ed v e r y e a s i l y by the e m e r g e n c y ven t ing e q u i p m e n t . 

F u r t h e r m o r e , if it i s p o s t u l a t e d tha t t he s o d i u m c a n s l o s e t h e i r i n ­
t e g r i t y and r e l e a s e s o d i u m b e t w e e n the h a l v e s a s w e l l , the r a t e at w h i c h t h i s 
m a t e r i a l wi l l b u r n can a l s o be e s t i m a t e d . T h e a v e r a g e r a t e of c o m b u s t i o n of 
s o d i u m pool b u r n i n g w a s found to be about 0.07 to 0.15 g / m i n / c m of e x p o s e d 
s u r f a c e , ^ d e p e n d i n g on the a m o u n t of e x p o s e d s u r f a c e and the dep th of t h e 
s o d i u m poo l . T a k i n g a m e a n v a l u e of 0.11 g / m i n / c m of e x p o s e d s u r f a c e , 
and a s s u m i n g tha t suf f ic ient s o d i u m c a n s h a v e been d e s t r o y e d tha t the s o ­
d i u m could a l s o c o m p l e t e l y c o v e r the r e a c t o r bed, the r e s u l t i n g c o m b u s t i o n 
r a t e i s 4.0 kg of s o d i u m p e r m i n u t e . With an a v e r a g e h e a t r e l e a s e on c o m ­
b u s t i o n for s o d i u m of 2.7 x 10 k c a l / k g , th i s r e s u l t s in a h e a t r e l e a s e r a t e 
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due to b u r n i n g s o d i u m of 10.8 x 10 k c a l / m i n . The s u m of the e n e r g y r e ­
l e a s e r a t e s due to b u r n i n g fuel and s o d i u m l i qu id s i s 2.3 x 10 c a l o r i e s s e c " 
and is the q u a n t i t y u s e d in t h e DBA c a l c u l a t i o n . 

T h e a c c i d e n t c a l c u l a t i o n i s s t a r t e d a s s u m i n g the r e a c t o r i s j u s t 
c r i t i c a l at t i m e z e r o and t a b l e m o t i o n i s add ing r e a c t i v i t y . F i g u r e XII-2 
d e p i c t s the m a t e r i a l a r r a n g e m e n t in a t y p i c a l ce l l and T a b l e I I -1 c o n t a i n s 
m a t e r i a l c o n s t a n t s u s e d a s input d a t a . T a b l e s XII -6 and XII-7 con ta in o t h e r 
p e r t i n e n t input d a t a . 



Table XII-6 

DATA FOR DESIGN BASIS ACCIDENT 

Number of Zone Reactor Divided into 

Reactivity Addition Rate 

Number of Delayed Neutron Groups 

Effective Delayed Neutron Fraction 

Shutdown Mectianism 

Material Arrangement 

Initial Gap between Materials 

Gap (Boundary) Conductivity 

Maximum Boundary Conductivity between Solids 

Maximum Boundary Conductivity between Liquid 
and Material 

Initial Neutron Density 

Initial Material Temperature 

Initial Rate of Fuel Flow from Zone 1 of Reactor 

5 

7 9 X 10-' 'Ak/k sec"l 

18 

3 266 X 10-3 

Fuel Flow Out of Reactor 

As Shown in Fig 2 

5 X 10-'' cm 

{(179x 10-7 0 + 573X 10-5)/Gap} 
cal/cm-2 sec-l(°C)-l 

0 2 cal/cm-2 s e c ' l r c r ' 

14 cal/cm-2 sec- l (°Cr l 
10 2 neutron s cm" 

300° K 

45 kg sec'l 

Zone 

Na Mass ^ kg 

238u Mass a kg 

Fuel Mass kg 

Fuel Wor th , 

f^.-
238u Doppler Coeffi­

cient for Region 6'' 

238u Doppler Coeffi­

cient for Region 13'' 

Fuel Doppler 

Coefficient'^ 

Expansion Coefficient 

1 

23 2 

112 

220 

-2 73 X 10"" 

-3 6 X 10-1 

-3 6 X lO- ' ' 

-4 2 X 10-1 

-6 5 X 10-6 

Table X I I - 7 

ZONAL PARAMETER VALUES 

2 

519 

250 

492 

2 24 X 10-' ' 

-5 0 X 10-' ' 

-5 0 X 10-1 

-5 7 X 10-1 

-9 0 X 10-6 

3 

64 7 

311 

613 

1 83 X IQ- I 

-5 2 X 10-1 

-5 2 X 10-1 

-6 1 X 10-1 

-9 4 X 10-6 

4 

121 

581 

1144 

-8 17 X 10-5 

-4 3 X 10-1 

-4 3 X 10-1 

-5 1 X l O ' l 

-7 9 x 10"6 

5 

183 

878 

1730 

-3 05 X 10-5 

-2 5 X 10-1 

-2 5 X 10-1 

-2 9 X 10-1 

-4 5 X 10-6 

^Material mass in each region of zone occupied by material 
''Input to code is listed number divided by 300°C 

As s e e n f r o m F i g . XII-5 wh ich shows the a v e r a g e r e a c t o r n e u t r o n 
d e n s i t y , i n t e g r a t e d a v e r a g e n e u t r o n d e n s i t y , and e x c e s s r e a c t i v i t y a s a 
funct ion of t i m e , the a v e r a g e n e u t r o n d e n s i t y i n c r e a s e s s lowly at f i r s t . At 
4 .13 s e c o n d s the r e a c t o r r e a c h e s p r o m p t c r i t i c a l , and the n e u t r o n d e n s i t y 
r a p i d l y i n c r e a s e s f r o m i t s v a l u e of 3.87 x 10 n e u t r o n s c m " to the f i r s t 
m a x i m u m of 1.38 x 10^ n e u t r o n s c m " • T h i s b u r s t r e s u l t s in s e n s i b l e h e a t ­
ing and the r e s u l t i n g D o p p l e r r e a c t i v i t y f eedback in the fuel s u b s e q u e n t l y 
" t u r n s " the e x c u r s i o n At 4.21 s e c o n d s the fuel t e m p e r a t u r e s in z o n e s 1 
t h r o u g h 5 a r e r e s p e c t i v e l y 3 2 1 , 317, 310, 306, and 302°K. N e g l i g i b l e h e a t 
t r a n s f e r h a s o c c u r r e d to th i s t i m e . F i g u r e XII -6 shows a p lo t of zona l fuel 
t e m p e r a t u r e s a s a funct ion of t i m e . F i g u r e s XI I -7 , X I I - 8 , and XII-9 show 
the two s o d i u m r e g i o n ( r e g i o n s 11 and 14) t e m p e r a t u r e s and the h o t t e s t d e ­
p l e t e d u r a n i u m t e m p e r a t u r e ( r eg ion 6) in e a c h zone a s func t ions of t i m e . 



DBA CALCULATION 

Fig. XII-5. Design Basis Accident Analysis for 3500 liter Core 
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Fig. XII-6. Fuel Temperatures for DBA 



REGION 11, DBA CALCULATION 
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Fig. XII-7. Sodium Temperatures in Region 11 for DBA 
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Fig. XII-8. Sodium Temperatures in Region 4 for DBA 
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REGION 6, DBA CALCULATION 

ZONE 1 

ZONE 2 

ZONE 3 

ZONE 4 

ZONE 5 

B ID 
TIME. SEC 

Fig. XII-9. Depleted Uranium Temperatures for Region 6 for DBA 

After the excursion has been turned and the react iv i ty has been r e ­
duced below prompt cr i t ica l , the Doppler and expansion react ivi ty feedback 
continue to d e c r e a s e the kg^- At 6.61 seconds, the sodium adjacent to the 
fuel (region 11) in zone 1 begins melt ing; the zone 1 fuel t empera tu re is 
930°K and the excess react iv i ty has been reduced to 1.602 x 10"^ Ak/k The 
sodium adjacent to fuel in zone 2 begins to mel t at 6 88 seconds and the fuel 
in zone 1 begins to mel t after 8.29 seconds. The course of the excursion is 
graphical ly depicted in the aforementioned curves . When all of the fuel in 
zone 1 is melted at 12.39 seconds, its t e m p e r a t u r e rapidly r i s e s to 1670°K 
at 12.73 seconds . A 0.1 second delay is assumed before fuel begins flowing 
out of the r eac to r . 

With the commencement of fuel flow, and the resul t ing loss in r e ­
activity, the flux is turned after reaching its second maximum of 2.81 x 
10 neutrons cm" . The reac to r becomes subcr i t ica l at 13.00 seconds and 
the kgjj continues to d e c r e a s e with increas ing t ime . Burning of molten 
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m e t a l b e g i n s a t the t i m e of fuel flow. F i g u r e XI I -10 shows the ce l l p r e s s u r e 
a s a funct ion of t i m e . It i s no ted t h a t the r a t e of p r e s s u r e r i s e due to b u r n ­
ing l iquid m e t a l i s s m a l l and the e q u i l i b r i u m p r e s s u r e (whe re the p r e s s u r e 
d e c r e a s e due to ven t ing j u s t b a l a n c e s the p r e s s u r e i n c r e a s e due to conn-
bus t ion ) i s <3 p s i g . The r a t e of h e a t input to the cel l a i r i s 9-24 x 
10^ Btu s e c ' ^ ( 2 . 3 x 1 0 ^ c a l / s e c ' ^ ) . 

25 

20 

°- 15 

-1 10 

5 — 

-15.235 SECONDS: TIME WHERE HEAT BALANCE IS EFFECTED 

I I I 
10 50 100 

TIME, SECONDS AFTER EXCURSION BEGINS 

300 500 

Fig. XII-10. Cell Pressure Time History 

Boi l ing c o m m e n c e s in the zone 1, r e g i o n 11 s o d i u m at 13.63 s e c o n d s 
and the r a t e of h e a t input to the ce l l a i r i n c r e a s e s to 1 .8 x 10^ Btu s e c " 
( 4 . 6 x 1 0 c a l / s e c " ^ ) . Bo i l ing c o n t i n u e s un t i l 15.23 s e c o n d s at wh ich t i m e 
the ce l l p r e s s u r e h a s r i s e n to 22.6 p s i a (7.9 p s i g ) ; the r e a c t o r i s 2 .3% s u b -
c r i t i c a l and the e x c u r s i o n i s o v e r . Bo i l ing i s cont inu ing in zone 1 and 
about to beg in in zone 2. A to ta l of 2.7 x 10 f i s s i o n s have o c c u r r e d . 

B e c a u s e of the i m p r a c t i c a b l y long c o m p u t e r runn ing t i m e r e q u i r e d 
to a c h i e v e final e q u i l i b r i u m t e m p e r a t u r e s wi th in the r e a c t o r zones by con­
t inu ing the c o m p u t e r c a l c u l a t i o n , t h i s a p p r o a c h w a s not a t t e m p t e d . I n s t e a d 
a h e a t b a l a n c e w a s u s e d to t e r m i n a t e the a c c i d e n t . To do th i s the h e a t 
e n e r g y f r o m the fuel and d e p l e t e d u r a n i u m in zone 1 i s s h a r e d wi th the 
zone 1 s o d i u m r e s u l t i n g in t h e s e m a t e r i a l t e n a p e r a t u r e s d r o p p i n g to j u s t 
be low the bo i l ing po in t of s o d i u m and the p r o d u c t i o n of s o d i u m v a p o r . 
In zone 1 the quan t i t y of s o d i u m bo i l ed off i s i ndependen t of the r e l a t i v e 
h e a t t r a n s f e r r a t e to m a t e r i a l s on e i t h e r s ide of the fuel b e c a u s e of the 
r e l a t i v e l y h igh d e p l e t e d u r a n i u m t e m p e r a t u r e . H o w e v e r in the o t h e r z o n e s 
the r e l a t i v e h e a t t r a n s f e r r a t e s m u s t be ob ta ined and the f r a c t i o n of e x c e s s 
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fuel h e a t going to the m a t e r i a l s on e a c h s ide of the fuel c a l c u l a t e d . In one 
c a s e a h e a t b a l a n c e b e t w e e n the p r o p e r f r a c t i o n of fuel h e a t , the d e p l e t e d 
u r a n i u m in r e g i o n 6 and the s o d i u m in r e g i o n 4 i s c a l c u l a t e d and the r e ­
su l t ing s o d i u m v a p o r d e t e r m i n e d . In the o t h e r c a s e a h e a t b a l a n c e b e t w e e n 
the a p p r o p r i a t e f r a c t i o n of fuel and s o d i u m in r e g i o n 11 i s c a l c u l a t e d and the 
r e s u l t i n g s o d i u m v a p o r d e t e r m i n e d . The r e s u l t i s t he m a x i m u m a m o u n t of 
s o d i u m tha t can be v a p o r i z e d by the a f t e r - h e a t in e a c h zone . 

The g e n e r a l equa t ion u s e d to c o m p u t e e q u i l i b r i u m t e m p e r a t u r e s and 
the r e s u l t i n g s o d i u m v a p o r p r o d u c e d i s a s fo l lows . 

fiMf(Tf - T3B) Cf + MfLHg + M ^ ( T u - T S B ) C ^ + M ^ L H ^ h -

M s ( T s B - T s ) C3 = L H s W s 

w h e r e 

Mf = m a s s of fuel 

M ^ = m a s s of " ^ U 

Mg = m a s s of s o d i u m 

Wg = m a s s of s o d i u m v a p o r i z e d 

i^ = f r a c t i o n of fuel h e a t f lowing to sod iu ra r e g i o n u n d e r 
c o n s i d e r a t i o n 

T£ = fuel t e m p e r a t u r e b e f o r e b a l a n c e 

T ^ = U t e m p e r a t u r e b e f o r e b a l a n c e 

Tg = s o d i u m t e m p e r a t u r e b e f o r e b a l a n c e 

T g g - t e m p e r a t u r e a t wh ich s o d i u m bo i l s 

LH£ = l a t e n t h e a t of fuel 

L H ^ = l a t e n t h e a t of ^^^U 

LHg = l a t e n t h e a t of s o d i u m 

Cf = spec i f i c h e a t of fuel a l l oy 

C^ = spec i f i c h e a t of U 

Cg = spec i f i c h e a t of s o d i u m 

g = f r a c t i o n of fuel in m o l t e n s t a t e 

h = f r a c t i o n of U in m o l t e n s t a t e 

T h i s a p p r o a c h i s c o n s e r v a t i v e s i n c e it d o e s not c o n s i d e r the fact t ha t s o m e 
of the o t h e r l o w e r t e m p e r a t u r e m a t e r i a l s wi th in the r e a c t o r wi l l a c t u a l l y 
a c q u i r e a s u b s t a n t i a l p o r t i o n of the r e s i d u a l a f t e r - h e a t . It a l s o d o e s not 



c o n s i d e r the fac t t ha t t he r e l e a s e of m o l t e n fuel f r o m the r e a c t o r d e c r e a s e s 
the t h e r m a l conduc t iv i t y to the s e n s i t i v e m a t e r i a l , s o d i u m , and tha t fuel i s 
cont inu ing to flow out of the r e a c t o r c a r r y i n g i t s e x c e s s h e a t wi th i t . 

The fol lowing cond i t i ons e x i s t at the end of the c o m p u t e r c a l c u l a t i o n 
and a r e p e r t i n e n t to the h e a t b a l a n c e c a l c u l a t i o n . F u e l h a s f lowed f r o m 
zone 1 of the r e a c t o r for 2.52 s e c o n d s at an a v e r a g e r a t e of about 3 8 k g s e c ~ ^ 
N e g l i g i b l e a m o u n t s of U h a v e f lowed out of the r e a c t o r . T h e zone 1 fuel 
i s at a t e m p e r a t u r e of 1692°K and the ^U in r e g i o n 6 of zone 1 i s at 1421°K. 
T h e -̂̂ ^U in r e g i o n 13 i s 937°K, ove r 200° be low the bo i l ing po in t of s o d i u m , 
and t h e r e f o r e i s i g n o r e d . T h u s t h e r e r e m a i n s about 125 kg of fuel in zone 1 
and 120 kg of "^U in r e g i o n 6 of zone 1 to t r a n s f e r e x c e s s h e a t to the s o d i u m 
in zone 1 . T h e s o d i u m in r e g i o n 1 1 of zone 1 i s bo i l ing and tha t in r e g i o n 4 
of zone 1 i s at 1081°K. A h e a t b a l a n c e r e s u l t s in an add i t i ona l 8.5 kg of 
s o d i u m be ing v a p o r i z e d f r o m zone 1 . It is e m p h a s i z e d tha t t h i s i s the m a x i ­
m u m a m o u n t of s o d i u m w h i c h could be bo i l ed f r o m zone 1; t he a c t u a l a m o u n t 
would be l e s s . 

In zone 2 it i s a s s u m e d tha t no fuel h a s f lowed out of the r e a c t o r 
b e c a u s e the t r i g g e r t e m p e r a t u r e of 1670°K, the m e l t i n g t e m p e r a t u r e of the 
s t a i n l e s s s t e e l c lad , h a s not b e e n r e a c h e d . T h i s i s c o n s e r v a t i v e s i n c e the 
fuel in zone 2 b e g a n m e l t i n g a t 9.10 s e c o n d s and would have u n d o u b t e d l y 
h a v e p e n e t r a t e d the c lad , r e s u l t i n g in the l o s s of fuel by the t i m e 15 s e c o n d s 
h a v e e l a p s e d . T h i s fuel would not a c t u a l l y be a v a i l a b l e to t r a n s f e r e x c e s s 
h e a t to the s o d i u m . H o w e v e r we i g n o r e tha t fac t and a s s u m e tha t a l l of the 
fuel r e m a i n s in zone 2 . The r a t e of h e a t t r a n s f e r to the sodiuna of r e g i o n 4 
i s 39% of the to t a l h e a t flow f r o m the fuel and tha t to r e g i o n 11 i s 6 1 % . The 
fuel t e m p e r a t u r e in zone 2 i s 1327°K, the r e g i o n 11 sodiunn t e m p e r a t u r e i s 
975°K, the " ^ U in r e g i o n 6 i s 830°K and the s o d i u m in r e g i o n 4 i s at 722°K. 
C o n s e q u e n t l y no s o d i u m can be bo i led f r o m r e g i o n 4 . With 6 l % of the e x ­
c e s s fuel h e a t f lowing to r e g i o n 1 1 , 4.4 kg of s o d i u m i s bo i l ed off. No 
s o d i u m can be bo i l ed f r o m z o n e s 3, 4, and 5. 

T h u s the a f t e r - h e a t i s c a p a b l e of bo i l ing no m o r e than 13 kg of s o ­
d i u m The b u r n i n g of 13 kg of s o d i u m wi l l r a i s e the ce l l p r e s s u r e by l e s s 
than a n o t h e r 12 p s i g . Adding t h i s to the 22.6 p s i a p r e s s u r e w h i c h e x i s t s at 
15.2 s e c o n d s r e s u l t s in a ce l l p r e s s u r e of l e s s than 35 p s i a (20 p s i g ) . As 
shown in F i g XI I -10 , t h i s p r e s s u r e r a p i d l y d e c r e a s e s wi th t i m e even as 
m o l t e n b u r n i n g c o n t i n u e s . (The a f t e r - h e a t is a s s u m e d to boi l the s o d i u m 
off at t he s a m e r a t e as at 15.3 s e c o n d s un t i l t he 12.9 kg of s o d i u m , c a l c u ­
l a t e d to be v a p o r i z e d by m e a n s of the h e a t , b a l a n c e equa t ion , i s c o n s u m e d . 
T h i s r e s u l t s in a h i g h e r t han a c t u a l h e a t add i t ion r a t e to the ce l l and the 
a b r u p t b r e a k in the p r e s s u r e c u r v e and thus i s aga in c o n s e r v a t i v e . ) As the 
p r e s s u r e d e c r e a s e s to l o w e r v a l u e s , a r g o n gas can be in j ec ted into the ce l l 
to ex t i ngu i sh the f i r e . It i s no ted tha t a ce l l p r e s s u r e l e s s than 3 p s i g r e ­
s u l t s in suff ic ient flo^w t h r o u g h the sand f i l t e r to c a u s e a d e c r e a s i n g p r e s ­
s u r e in the ce l l d e s p i t e the e n e r g y added by b u r n i n g m o l t e n m e t a l . 
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While an a c c i d e n t of th i s m a g n i t u d e r e s u l t s in an e x t r e m e l y l a r g e 
e n e r g y r e l e a s e , the ce l l p r e s s u r e r a t i n g i s not e x c e e d e d and the ce l l r e ­
m a i n s i n t a c t - - c o n t a i n i n g t h e a c c i d e n t . 

It should be no ted tha t t h i s a c c i d e n t w a s c a l c u l a t e d u s i n g the i n t e r ­
m e d i a t e t a b l e d r i v e s p e e d to a c h i e v e a r e l a t i v e l y h igh r e a c t i v i t y add i t ion 
r a t e . A r e a c t i v i t y add i t ion r a t e of 2 4 j / p e r s e c o n d w a s a s s u m e d for t h e c a l ­
cu la t ion w h e r e a s m e a s u r e m e n t s on Assem.b ly 5 of Z P R - 6 i n d i c a t e a gap 
w o r t h for a s i m i l a r s i z e c o r e w h i c h would r e s u l t in a r e a c t i v i t y add i t ion r a t e 
of only about half t h i s v a l u e . T h u s t h e r e a c t i v i t y add i t ion r a t e u s e d in the 
c a l c u l a t i o n i s h igh ly c o n s e r v a t i v e . F i g u r e XI I -11 shows the gap w o r t h of the 
2600 l i t e r UC c o r e , A s s e m b l y 5 of Z P R - 6 . 
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Fig. XII-11. Gap Worth Curve (Measured) for Assembly 5 of ZPR-6 

An a c c i d e n t r e s u l t i n g f r o m the low t a b l e d r i v e s p e e d , o t h e r f a c t o r s 
r e m a i n i n g t h e samie, would of c o u r s e r e s u l t in a s m a l l e r effect . In add i t ion i t 
m u s t be r e m e m b e r e d tha t t he o v e r l o a d r e q u i r e d to a c h i e v e t h i s a c c i d e n t i s 
v e r y l a r g e ; beyond the l i m i t of c r e d i b i l i t y . F i n a l l y , wa i t i ng 0.1 second a f t e r 
t he fuel h a s r e a c h e d t h e m e l t i n g p o i n t of i t s s t a i n l e s s s t e e l c lad b e f o r e 



a s s u m i n g fuel flow out of the r e a c t o r c e r t a i n l y i n c r e a s e s the a c c i d e n t y ie ld 
o v e r t ha t w h i c h would r e s u l t if c lad p e n e t r a t i o n c a l c u l a t i o n s w e r e u s e d to 
d e t e r m i n e the t i m e of fuel flow and shu tdown. 

To e s t i m a t e the to ta l a m o u n t of p l u t o n i u m tha t m a y b u r n , c o n s i d e r 
the fol lowing; A r g o n can be i n t r o d u c e d into the ce l l a t an in i t i a l r a t e of 
36,000 cfm ( a v e r a g e r a t e o v e r e n t i r e d i s c h a r g e t i m e of 6000 cfm) . I t i s 
t h e r e f o r e p o s s i b l e to r e d u c e the oxygen con ten t in the r o o m to 4% (the l e v e l 
be low which i t h a s been found tha t s o d i u m wi l l no l o n g e r b u r n ) in about 
3 m i n , and to r e d u c e the oxygen c o n c e n t r a t i o n to 1% in about 20 m i n u t e s . 
H o w e v e r to be c o n s e r v a t i v e we a s s u m e tha t the d u r a t i o n of the f i r e would be 
about 1 h o u r . A s t h e oxygen c o n c e n t r a t i o n i s r e d u c e d and m o r e a r g o n i s i n ­
t r o d u c e d into the ce l l , the b u r n i n g r a t e s would d e c r e a s e . A s shown in 
Append ix E of Ref. 12, t h e r e i s c o n s i d e r a b l e e v i d e n c e tha t t he u r a n i u m 
b u r n i n g r a t e s a r e diffusion l i m i t e d , and a s the oxygen con ten t d e c r e a s e s 
and the a r g o n con ten t i n c r e a s e s , the oxygen wil l find it p r o g r e s s i v e l y m o r e 
dif f icul t to r e a c h the f l a m e f ron t . H o w e v e r , a c o n s e r v a t i v e e s t i m a t e wi l l 
c e r t a i n l y r e s u l t f r o m as suna ing tha t t he in i t i a l b u r n i n g r a t e s hold d u r i n g the 
full o n e - h o u r p e r i o d . In one h o u r a p p r o x i m a t e l y 60 kg of p l u t o n i u m wi l l 
t h e r e f o r e h a v e b u r n e d . 

A s p r e v i o u s l y m e n t i o n e d the t o t a l n u m b e r of f i s s i o n s in t h i s e x c u r ­
s ion i s 2.7 X 10 . T h i s i s a v e r y s u b s t a n t i a l e n e r g y r e l e a s e , but a s i t t a k e s 
p l a c e ove r a t i m e s c a l e of 10 s e c o n d s it canno t be c o m p a r e d d i r e c t l y to e x ­
c u r s i o n s w h e r e the r e l e a s e o c c u r s in a few m i l l i s e c o n d s : T h e r e wi l l not 
be the s a m e t e n d e n c y to g e n e r a t e s t r o n g e x p l o s i v e f o r c e s . 

F . R a d i o l o g i c a l H a z a r d s A s s e s s m e n t 

T h e a m o u n t s of r a d i o l o g i c a l l y h a z a r d o u s m a t e r i a l r e l e a s e d to the 
a t m o s p h e r e by the h y p o t h e t i c a l DBA is now c o n s i d e r e d . T h e r e a r e two 
p o s s i b l e p a t h s for a t m o s p h e r i c r e l e a s e : (a) t h r o u g h t h e e m e r g e n c y e x h a u s t 
s y s t e m ; and (b) l e a k a g e t h r o u g h the ce l l w a l l s into the conf inenaent she l l 
v o l u m e , t h r o u g h the H E P A f i l t e r s , and up the s t a c k , C o n s i d e r f i r s t t he 
p a r t i c u l a t e a t t e n u a t i o n s a v a i l a b l e in t h e s e two r o u t e s . 

1. T h e e m e r g e n c y e x h a u s t s y s t e m h a s a 3 0 - i n . d e e p sand f i l t e r 
p l u s two s e t s of H E P A f i l t e r s in s e r i e s . The sand f i l t e r wi l l be field t e s t e d 
and shown to h a v e an a t t e n u a t i o n of a t l e a s t 10^ for d i o t y l p h t h a l a t e (DOP) 
a e r o s o l a t a flow v e l o c i t y of about 15 fpm. T h i s m a y be c o m p a r e d wi th 
a t t e n u a t i o n s of 10 ob t a ined for 3 0 - i n . t h i c k n e s s of the s a m e type of sand in 
the l a b o r a t o r y s c a l e t e s t s u s i n g D O P a e r o s o l a t a t e s t v e l o c i t y of abou t 
15 fpm. T h e H E P A f i l t e r s in s e r i e s wi l l be field t e s t e d to show an a t t e n u a ­
t ion of at l e a s t 10 u s i n g D O P a e r o s o l s a t f lows of 2400 cfm. C h e e v e r et a l . , 
h a s shown tha t the c o m b i n a t i o n of 30 in. of the s a m e type sand and one H E P A 
f i l t e r in s e r i e s r e s u l t s in t o t a l a t t e n u a t i o n s of 10' a t 1, 5, 13, and 28 fpm 
flow v e l o c i t i e s for p l u t o n i u m f u m e . A l t h o u g h l a b o r a t o r y t e s t s h a v e not b e e n 



done on a 30 in . sand f i l t e r fo l lowed by two H E P A f i l t e r s , it i s e s t i m a t e d tha t 
the s e c o n d H E P A f i l t e r would i n t r o d u c e a f a c t o r b e t w e e n 10-100 in add i t i ona l 
a t t e n u a t i o n . T h u s , the t o t a l a t t e n u a t i o n i s e s t i m a t e d to be b e t w e e n 1 x 1 0 
and 10 for p l u t o n i u m f u m e . Al though C h e e v e r et a l . , h a s m e a s u r e d an 
a t t e n u a t i o n of 1 0 for p l u t o n i u m fume for a 30 in . sand f i l t e r fol lowed by one 
bank of H E P A f i l t e r s , we wi l l u s e a m o r e c o n s e r v a t i v e va lue of 10 for the 
t o t a l a t t e n u a t i o n for the e m e r g e n c y e x h a u s t s y s t e m un t i l add i t i ona l e x p e r i ­
m e n t a l e v i d e n c e beconaes a v a i l a b l e to jus t i fy a h i g h e r v a l u e . 

2 . T h e c o n f i n e m e n t she l l and w o r k r o o m and c o n t r o l r o o m e x h a u s t 
s y s t e m s e a c h have two H E P A f i l t e r s in s e r i e s . K e s s i e h a s shown e x p e r i ­
m e n t a l l y t ha t two H E P A f i l t e r s (each hav ing a t t e n u a t i o n of 10 ) in s e r i e s 
r e s u l t in a t t e n u a t i o n s of 10 to 10 for fine p a r t i c l e s i z e (~0.1 /i) p l u t o n i u m 
a e r o s o l s . T h e H E P A f i l t e r s in t h e s e s y s t e m s had b e e n f ield t e s t e d and 
shown to h a v e an a t t e n u a t i o n of 10 wi th D O P a e r o s o l . F o r the p u r p o s e s of 
t h i s a n a l y s i s we b e l i e v e i t a p p r o p r i a t e to u s e a c o n s e r v a t i v e va lue of 10^ 
a t t e n u a t i o n for t h e two H E P A f i l t e r s in t h e s e s y s t e m s . 

In the DBA it w a s h y p o t h e s i z e d tha t a p p r o x i m a t e l y 60 kg of p l u t o n i u m 
(220 kg of fuel a l loy) m e l t e d and b u r n e d o v e r the p e r i o d of an h o u r . C a r t e r , 
F o y , and S t e w a r t h a v e shown tha t on ly about 0.05% of the t o t a l m a s s of any 
p l u t o n i u m b u r n e d a c t u a l l y b e c o m e s a i r b o r n e . 

S ince t h e r e i s s o m e u n c e r t a i n t y on t h e d e p e n d e n c e of the a i r b o r n e 
f r a c t i o n on the fuel b u r n i n g t e m p e r a t u r e we wil l u s e a c o n s e r v a t i v e v a l u e of 
1% in our a n a l y s i s h e r e . On t h i s b a s i s , only a p p r o x i m a t e l y 600 g of the 
b u r n e d p l u t o n i u m b e c o m e s a c t u a l l y a i r b o r n e and a v a i l a b l e for r e l e a s e to 
the a t m o s p h e r e v ia e i t h e r of the two r o u t e s p r e v i o u s l y d i s c u s s e d . 

U s i n g the flow r a t e of 3000 c f m / p s i g t h r o u g h the e m e r g e n c y e x h a u s t 
s y s t e m , 6 cfna/lO p s i g o r 0.6 c f m / p s i g t h r o u g h the c o n c r e t e ce l l w a l l s ( this 
c o r r e s p o n d s to a l e a k a g e of 24% of the v o l u m e p e r 24 h r a t 10 p s i g ) , t he 
p r e s s u r e t i m e h i s t o r y c u r v e of F i g . XI I -10 , and 600 g of p l u t o n i u m h o m o ­
g e n e o u s l y m i x e d in the ce l l a i r , we c a l c u l a t e t ha t only about 0.12 g can l e a k 
t h r o u g h t h e ce l l wa l l and the r e s t (~600 g) goes into the e m e r g e n c y e x h a u s t 
s y s t e m . 

U s i n g a va lue of 10^ a t t e n u a t i o n for the e m e r g e n c y e x h a u s t s y s t e m 
f i l t e r s only about 600 / lO^ o r 6 nags of p l u t o n i u m a r e r e l e a s e d to the a t m o s ­
p h e r e t h r o u g h th i s r o u t e . 

T h e 4 ft t h i c k c o n c r e t e w a l l s do a c t a s a f i l t e r . T e s t s on s a m p l e s of 
4 ft t h i c k c o n c r e t e at ANL h a v e r e s u l t e d in a m e a s u r e d a t t e n u a t i o n of 1 0 for 
u r a n i n e a e r o s o l at flow r a t e s of 0.01 c fm/ f t of c o n c r e t e . H o w e v e r , aga in 
b e i n g c o n s e r v a t i v e , we sha l l a s s u m e t h a t the ce l l w a l l s h a v e a 100% t r a n s ­
m i s s i o n for t h i s a n a l y s i s and 120 m g of p l u t o n i u m is d i s t r i b u t e d into the 
con f inemen t she l l and w o r k r o o m and c o n t r o l r o o m a r e a s . T h e s e a r e a s a r e 
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e x h a u s t e d t h r o u g h two s e t s of H E P A f i l t e r s w h o s e a t t e n u a t i o n i s c o n s e r v a ­
t i v e l y c o n s i d e r e d to be 10^. T h i s r e s u l t s in an add i t iona l 120 m g / l O ^ or 
1.2 jdg r e l e a s e d to the a t m o s p h e r e t h r o u g h t h i s r o u t e . A to t a l of about 6 nags 
of p l u t o n i u m i s t hus r e l e a s e d up the s t a c k to the a t m o s p h e r e u s i n g t h i s con­
s e r v a t i v e a n a l y t i c a l a p p r o a c h for the h y p o t h e s i z e d DBA. 

T h e r a d i o l o g i c a l h a z a r d s a s s o c i a t e d wi th the r e l e a s e of 1 m g of 
v a r i o u s t y p e s of p l u t o n i u m (d i f fe rent i s o t o p i c c o m p o s i t i o n ) h a v e b e e n a n a ­
l y z e d in Append ix A. T a b l e A - 7 shows tha t the r e l e a s e of 1 m g of p l u t o n i u m -
T y p e B (12% ^^°Pu) r e s u l t s in 1.33 x lO""* m p b b and 1.23 x 10"^ m p b b for 1 m g 
of p l u t o n i u m - T y p e C (30% ^*°Pu) i nha l ed by an o b s e r v e r at 225 m ( loca t ion of 
the P l u t o n i u m F u e l F a b r i c a t i o n L a b o r a t o r y , the n e a r e s t bu i ld ing to the 
Appl ied P h y s i c s L a b o r a t o r y ) and 2 .2 x 10"^ m p b b for t h e s e p l u t o n i u m c o m ­
p o s i t i o n s r e s p e c t i v e l y at 1300 m (the n e a r e s t s i t e b o u n d a r y ) 

In Append ix A the m e t e o r o l o g i c a l P a s q u i l l s t a b i l i t y condi t ion F u n d e r 
fumiga t ion cond i t ions w a s a s s u m e d in o r d e r to ob ta in d i s p e r s i o n coe f f i c i en t s 
and to c a l c u l a t e g r o u n d - l e v e l a i r c o n c e n t r a t i o n s of p l u t o n i u m . T h e X / Q at 
225 m and 1300 na a r e r e s p e c t i v e l y 7.8 x 10"'* and 1.3 x 10"'*' for fumiga t ion 
cond i t i ons If i n s t e a d we c o n s i d e r the a v e r a g e w o r s t n a e t e o r o l o g i c a l cond i ­
t i ons exc lud ing fumiga t ion a s the m e t e o r o l o g i c a l c r i t e r i a for the DBA we 
should u s e P a s q u i l l s t a b i l i t y condi t ion A for an o b s e r v e r at 225 na and con­
d i t ion D for an o b s e r v e r at 1300 m for wind s p e e d s of 1 m / s e c . U n d e r t h e s e 
a s s u m p t i o n s t h e X / Q f a c t o r would be 8 x 10"^ for 225 m and 4.2 x 10"^ for 
1300 m . T h e r e l e a s e of 6 nags of e i t h e r Type B or C p l u t o n i u m to the a t n a o s -
p h e r e u n d e r the a v e r a g e w o r s t m e t e o r o l o g i c a l cond i t ions r e s u l t s in i n h a l a ­
t ion h a z a r d s a s shown in T a b l e XII-8 

T a b l e XII-8 

F R A C T I O N OF MAXIMUM P E R M I S S I B L E 
BODY BURDENS INHAL E D FOR P L U T O N I U M 
AT 225 m AND 1300 m F O R 6 m g R E L E A S E 

P u - A (4% ^*Opu) 

P u - B (12% 2*°Pu) 

P u - C (30% ^*°Pu) 

( P 

225 m 
asqui l l Type 

8 X 10^5 

8 x 10 - -

7.4 X 10"* 

A) ( P 

1300 m 
asqu i l l Type D) 

4.2 X 1 0 ' -

4.3 X 10"^ 

4 X 10"* 

The r e s u l t s of the a n a l y s i s a s shown in T a b l e XII-8 i n d i c a t e s t ha t 
the i nha l a t i on d o s e for an o b s e r v e r at 225 m for the p l u t o n i u m C s a m p l e 
(the p l u t o n i u m wi th the h i g h e s t spec i f i c ac t iv i ty ) i s 7.4 x 10"^ m p b b . T h i s 
i s a p p r o x i m a t e l y a f ac to r of 150 l e s s t han the 0.1 m p b b , the A E C c r i t e r i o n 
for the m a x i m u m p e r m i s s i b l e i nha l a t i on h a z a r d s u n d e r the h y p o t h e s i z e d 
DBA c i r c u m s t a n c e s for fas t p lu toniuna fueled Z P R ' s . 



The f o r e g o i n g a n a l y s i s r e p r e s e n t s the b e s t c u r r e n t e s t i m a t e of the 
i n h a l a t i o n h a z a r d s a s s o c i a t e d wi th b u r n i n g of 60 kg of p l u t o n i u m in the ce l l 
a s a c o n s e q u e n c e of the h 'ypo thes ized DBA. T h i s a s s u m e s tha t the n e g a t i v e 
p r e s s u r e of the c o n f i n e m e n t she l l sys t ena e x i s t s and tha t the a i r f r o m t h e 
c o n f i n e m e n t she l l i s e x h a u s t e d t h r o u g h the two H E P A f i l t e r s e x h a u s t s y s t e m 

If no c r e d i t is t a k e n for the n e g a t i v e p r e s s u r e of the con f inemen t 
she l l ( i . e . , bo th e x h a u s t fans a r e i n o p e r a t i v e ) the a n a l y s i s would h a v e to be 
m o d i f i e d a s d i s c u s s e d be low . 

It h a s b e e n shown p r e v i o u s l y tha t no g r e a t e r than 120 m g of p l u t o ­
n i u m would be d i s t r i b u t e d to the con f inemen t s h e l l , w o r k r o o m , c o n t r o l 
r o o m s , m e c h a n i c a l r o o m s , and o t h e r n e g a t i v e p r e s s u r e a r e a s . The a m o u n t 
of p l u t o n i u m w h i c h m i g h t e s c a p e into the con f inemen t she l l v o l u m e a lone i s 
no g r e a t e r t h a n 60 m g . S ince tha t wh ich e s c a p e s in to the c o n t r o l r o o m , 
b a s e m e n t , o r p e n t h o u s e m e c h a n i c a l r o o m s e n c o u n t e r s two b a r r i e r s b e f o r e 
r e a c h i n g the a t m o s p h e r e . None of the w a l l s of t h e s e a r e a s s e e the d i r e c t 
o u t s i d e wind v e l o c i t i e s ( i . e . , t h e r e i s a buffer r e g i o n b e t w e e n the -0 .1 in . 
w a t e r p r e s s u r e a r e a s and t h e o u t s i d e ) . Only t h r e e of the s ix w a l l s of the 
r e a c t o r ce l l f ace d i r e c t l y in to the con f inemen t she l l v o l u m e . 

T h e l i m i t i n g c r i t e r i o n for the con f inemen t she l l l e a k a g e r a t e i s 
1000 cfm at - 2 . 5 in . of w^ater p r e s s u r e . If t h e r e i s a wind condi t ion wh ich 
c r e a t e s a n e g a t i v e p r e s s u r e o u t s i d e one face of the s h e l l , it i s c o n c e i v a b l e 
t ha t s o m e she l l a i r m i g h t l e a k out of the s h e l l . A s s u m i n g a wind speed of 
1 m / s e c i t i s p o s s i b l e to p r o d u c e a d i f f e r e n t i a l p r e s s u r e of a m a x i m u m of 
about 0 .024 in, of w a t e r . The a m o u n t of l e a k a g e would be no g r e a t e r t han 
about 30 c fm. A s s u m i n g a u n i f o r m m i x t u r e of the p l u t o n i u m in the she l l 
v o l u m e , the m a x i m u m a m o u n t of p l u t o n i u m wh ich m i g h t l e a k out in half an 
h o u r ' s t i m e i s about 0.5% of the 60 m g o r about 0.3 m g . The 0.3 m g of 
p l u t o n i u m would , h o w e v e r , be r e l e a s e d c l o s e to g round l e v e l and would have 
a d i f f e r en t a t t e n u a t i o n f r o m tha t r e l e a s e d at 46 m he igh t at d i s t a n c e s c l o s e 
to the p o i n t of r e l e a s e . T h e va lue of X/Q a t 225 na for wind cond i t i ons of 
1 m / s e c and T-ype A ( P a s q u i l l c a t e g o r i e s ) wi th a 46 m he igh t r e l e a s e i s 
8 X 1 0 " ' . F o r a g round r e l e a s e , X / Q for an o b s e r v e r at 225 m would be 
about 5 X 10~*. The o b s e r v e r at 225 m would s e e about 5 x 1 0 " y 8 x 10"^ 
o r about 6 t i m e s the a m o u n t r e l e a s e d at 46 m he igh t . T h e t o t a l a m o u n t of 
p lu toniuna tha t an o b s e r v e r at 225 m would inha l e would c o r r e s p o n d to the 
e q u i v a l e n t of 6 nag + 6 x 0.3 m g or about 8 m g r e l e a s e d f r o m the 46 m s t a c k . 
T h i s c o r r e s p o n d s to 1 x 10~" m p b b for T y p e C p l u t o n i u m . T h u s , even if one 
p o s t u l a t e s the f a i l u r e of o p e r a t i o n of the con f inemen t she l l e x h a u s t s y s t e m , 
the a m o u n t of p l u t o n i u m w h i c h an o b s e r v e r m i g h t inha le i s s t i l l a f a c t o r of 
about 100 be low the 0,1 m p b b c r i t e r i o n for the m a x i m u m p e r n a i s s i b l e body 
b u r d e n l i m i t for i n h a l a t i o n d o s e s u n d e r a c c i d e n t c o n d i t i o n s . 

I t should be po in t ed out tha t the f o r e g o i n g a n a l y s i s i s h ighly con­
s e r v a t i v e for the fo l lowing r e a s o n s : 



a. The a s s u m p t i o n w a s m a d e tha t a l l of the 60 kg of p l u t o n i u m 
m e l t e d , b u r n e d and 1% b e c a m e a i r b o r n e i n s t a n t a n e o u s l y at t = 13 s e e s . 
S ince the ce l l p r e s s u r e p e a k s a t about 18 s e e s due to the v a p o r i z a t i o n and 
c o m b u s t i o n of s o d i u m , if one t a k e s even r a t h e r h igh b u r n i n g r a t e s such a s 
1 k g / m i n of p l u t o n i u m , the a m o u n t of p l u t o n i u m in oxide p a r t i c u l a t e f o r m 
a v a i l a b l e to l e a v e the ce l l v i a the e m e r g e n c y e x h a u s t s y s t e m is s m a l l when 
t h e r e i s a l a r g e flow of a i r out of the ce l l a t e l e v a t e d p r e s s u r e s . 

b . In the c a s e of the a m o u n t of p l u t o n i u m e s c a p i n g to the a tnaos -
p h e r e v ia the con f inemen t she l l r o u t e , we have not t aken any c r e d i t for the 
f i l t e r ac t ion of the c o n c r e t e ce l l w a l l s . We have a l s o a s s u m e d tha t the 
l e a k a g e f r o m the confinenaent she l l w a s d i r e c t l y t h r o u g h an opening to the 
a t n a o s p h e r e r a t h e r t han t h r o u g h sand or d i r t a r o u n d the b a s e of the conf ine ­
m e n t s h e l l . 

The f i s s i o n p r o d u c t s f r o m the h y p o t h e s i z e d DBA r e q u i r e a s e p a r a t e 
c o n s i d e r a t i o n . A to ta l of 2.7 x 10 f i s s i o n s w a s g e n e r a t e d d u r i n g the c o u r s e 
of the DBA. The DBA r e s u l t s in the m e l t i n g and the a s s u m e d b u r n i n g of 
a p p r o x i m a t e l y 60 kg of p l u t o n i u m (220 kg of fuel a l loy) out of the to t a l c r i t i ­
ca l m a s s of 1354 kg of p l u t o n i u m . The r e s t of the p l u t o n i u m r e m a i n s wi th in 
i t s s t a i n l e s s s t e e l j a c k e t i n g . The f r a c t i o n of f i s s i o n s g e n e r a t e d in the 60 kg 
of p l u t o n i u m , t ak ing into c o n s i d e r a t i o n the p o w e r d i s t r i b u t i o n , i s 20% of the 
to t a l f i s s i o n s . The p r o d u c t s of only 5.4 x 10^' f i s s i o n s a r e , t h u s , r e l e a s e d 
to the c e l l . If we m a k e the s a m e a s s u m p t i o n s a s in the c a s e of p l u t o n i u m , 
a p p r o x i m a t e l y 5.4 x 10 / l O or 5.4 x 10 n o n g a s e o u s f i s s i o n p r o d u c t s m i g h t 
be r e l e a s e d t h r o u g h the e m e r g e n c y e x h a u s t s y s t e m and up the s t a c k . On the 
o t h e r hand , we sha l l p o s t u l a t e t ha t a l l of the g a s e o u s f i s s i o n p r o d u c t s and the 
v o l a t i l e r a d i o i o d i n e of the 5.4 x 10^^ f i s s i o n s would be r e l e a s e d out the e n a e r -
gency e x h a u s t s y s t e m to the a t m o s p h e r e . The nob le gas f i s s i o n p r o d u c t s and 
the r a d i o i o d i n e c o n s t i t u t e the p r i n c i p a l r a d i o l o g i c a l h a z a r d of the f i s s i o n 
p r o d u c t s b e c a u s e t h e r e i s no a s s u m e d a t t e n u a t i o n of t h e s e p r o d u c t s by the 
f i l t e r s y s t e m . The r a d i o a c t i v i t y r e l e a s e d f r o m the s t a c k a f te r the h^ypothe-
s i z e d DBA is s u m m a r i z e d in T a b l e XI I -9 . 

Table XII-9 

SUMMARY OF DBA 

Critical Mass 
Number of Fissions in DBA 
Quantity of Fuel Melted and Burned 
Quantity of Pu Melted and Burned 
Pu Airborne in Cell 
Number of Fissions in Melted Fuel 
Particulate Attenuation 

a 30 in. Sand Filter + 2 HEPA 
b. 2 HEPA + Concrete Wall 

1354 kg Pu 
2 7 X 1020 

220 kg 
60 kg 

600 g 
5.4 X 10̂ 9 

105 
105 

Pu Released to Atmosphere 
a. From Emergency Exhaust System 
b Through Cell Walls 
c Total 

Fission Products Released from Stack 
a Nongaseous Products from 
b Gaseous Products from 

54 X 
54x 

6 mg 
0 1 mg 
6mg 

lO'^ fissions 
IQI'^ fissions 

The r a d i o l o g i c a l h a z a r d s a s s o c i a t e d wi th the r e l e a s e of the g a s e o u s 
f i s s i o n p r o d u c t s (noble gas and r a d i o i o d i n e ) f ro in 5.4 x 10 f i s s i o n s a r e 
i n v e s t i g a t e d in Append ix A. The r a d i o l o g i c a l h a z a r d s a s s o c i a t e d wi th the 
r e l e a s e of the g a s e o u s f i s s i o n p r o d u c t s f r o m the 5.4 x 10 '' f i s s i o n s a r e s u m ­
m a r i z e d in T a b l e XII-10 for the a v e r a g e w o r s t m e t e o r o l o g i c a l cond i t ion . 



T a b l e XII -10 

DOSES TO THYROID AND T O T A L BODY IN R e m 

C o n d i t i o n s 
Wind Speed: 1 m / s e c 

S tack He igh t : 46 na 
B r e a t h i n g R a t e : 3.47 x 10" n a / s e c 

F i s s i o n s : 5.4 x lO'^ 

225 m 
( P a s q u i l l T y p e A) 1300 m 

D o s e s No E v a c u a t i o n ( P a s q u i l l Type D) 

T h y r o i d 44 20 
(Rad io iod ine ) 

T o t a l Body 0.61 (7) 0.44 (7) 
(Noble G a s e s ) 4 (/3) 0.2 (jS) 

I t i s s e e n f r o m the t a b l e t h a t an o b s e r v e r a t 225 na, t he c l o s e s t 
l a b o r a t o r y f ac i l i t y ( P l u t o n i u m F u e l F a b r i c a t i o n L a b o r a t o r y ) would r e c e i v e 
a d o s e to the t h y r o i d of about 44 R e m wh ich i s s u b s t a n t i a l l y be low the 
3 0 0 - R e m c r i t e r i o n for once in a l i fe t inae e m e r g e n c y d o s e for r a d i a t i o n 
w o r k e r s . T h i s a s s u m e s tha t the o b s e r v e r s t a n d s in the c loud, b r e a t h i n g 
the r a d i o i o d i n e for a s long a s the a c t i v i t y e x i s t s . 
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C h a p t e r XIII 

CONCLUSIONS 

1. T h e b a s i c s c o p e of t h i s F i n a l Safety A n a l y s i s R e p o r t i s the sanae 
a s t h a t g iven by A N I J - 6 2 7 1 , t he sa fe ty a n a l y s i s r e p o r t and a d d e n d a ou t l in ing 
the p r o g r a m and h a z a r d s a s s o c i a t e d wi th the u s e of ^U fuel on Z P R - 6 and 
-9 but a l t e r e d to inc lude the u s e of p lu toniuna a s fuel on t h e s e f a c i l i t i e s . 

2 . T h e Z P R - 6 and - 9 f a c i l i t i e s e m p l o y t h e fol lowing s a f e g u a r d s 
a g a i n s t a n u c l e a r a c c i d e n t and s u b s e q u e n t r e l e a s e of r a d i o a c t i v i t y to the 
a t m o s p h e r e : 

a. E m p l o y m e n t of h igh ly t r a i n e d , ski l l ful p e r s o n n e l for j u d g e ­
m e n t and o p e r a t i o n a l f u n c t i o n s . The o p e r a t i n g e x p e r i e n c e of Z P R - 6 and 
- 9 on u r a n i u m - f u e l e d l a r g e d i l u t e f a s t c o r e s s i n c e 1963 and 1964, r e s p e c ­
t i ve ly , h a s p r o v i d e d t r a i n e d and e x p e r i e n c e d p e r s o n n e l for the safe o p e r a t i o n 
of f a s t c r i t i c a l s at the I l l i no i s S i t e . 

b . S t r i c t a d m i n i s t r a t i v e p r o c e d u r e s for c o n t r o l l i n g load ing 
c h a n g e s and o p e r a t i o n wi th p e r i o d i c r e v i e w and i n s p e c t i o n of the o p e r a t i o n . 

c. T h e u s e of w e l l - d e s i g n e d , r e l i a b l e f a i l - s a f e m e c h a n i c a l , 
and e l e c t r i c a l e q u i p m e n t , and i n t e r l o c k s wi th f r e q u e n t m a i n t e n a n c e and 
t e s t i n g p r o c e d u r e s . 

d. C o n s t r u c t i o n of a s s e m b l i e s wh ich h a v e only i n h e r e n t 
c a l c u l a t e d n e g a t i v e p o w e r c o e f f i c i e n t s . 

e. The u s e of the fol lowing s y s t e m s for m a i n t a i n i n g c o n t a i n m e n t 

(1) S t a i n l e s s s t e e l j a c k e t i n g for p l u t o n i u m and s o d i u m . 

(2) R e i n f o r c e d c o n c r e t e c e l l s for b l a s t r e s i s t a n c e and 
c o n t a i n m e n t . 

(3) S tee l c o n f i n e m e n t she l l a s a backup to confine any 
p a r t i c u l a r l e a k a g e f r o m the c e l l s . 

(4) E m e r g e n c y ven t ing s y s t e m c o n s i s t i n g of sand f i l t e r s , 
H E P A f i l t e r s and 4 6 - m s t a c k to a id in m a i n t a i n i n g ce l l 
i n t e g r i t y in the even t of p r e s s u r e bui ldup in c e l l s . 

(5) A r g o n gas p u r g e s y s t e m for quench ing l a r g e m e t a l 
f i r e s . 

3 . A m a x i m u m c r e d i b l e a c c i d e n t w h i c h p o s t u l a t e s a p r o m p t c r i t i ­
ca l e x c u r s i o n due to c r i t i c a l i t y on i n t e r m e d i a t e t ab l e speed wi th only the 
h i g h - l e v e l t r i p s o p e r a t i n g r e s u l t s in a 200°C i n c r e a s e in fuel t e m p e r a t u r e 
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and 2.3 x 10 f i s s i o n s to t a l e n e r g y r e l e a s e for the 5 0 - l i t e r c o r e and 58°C 
and 4.6 x 10 f i s s i o n s for the n o m i n a l 3500 l i t e r c o r e , but t h e r e i s no r e ­
l e a s e of a c t i v i t y to the a t m o s p h e r e s i n c e the fuel e l e m e n t s r e m a i n i n t a c t . 

4 . T h e MCA wil l be u s e d a s a guide (as w a s the c a s e in A N I J - 6 2 7 1 ) 

to d e t e r m i n e the type of a s s e m b l i e s wh ich m a y be c o n s t r u c t e d on Z P R - 6 
and - 9 . Only t h o s e c o r e s wh ich r e s u l t in an MCA wi th m a x i m u m fuel t e m ­
p e r a t u r e s l e s s t h a n 200°C wi l l be c o n s t r u c t e d . 

5. A s an aid in e s t a b l i s h i n g the a d e q u a c y of the c o n t a i n m e n t , and 
f ac i l i t y d e s i g n a c l a s s of a c c i d e n t s ( d e s i g n a t e d D e s i g n B a s i s A c c i d e n t s ) 
wh ich a r e c o n s i d e r e d i n c r e d i b l e and v i r t u a l l y i m p o s s i b l e i s h y p o t h e s i z e d 
and a n a l y z e d . T h e DBA in e s s e n c e shows the type of a c c i d e n t wh ich m a y 
be hand l ed by the r e a c t o r c o n t a i n m e n t . In add i t ion to the h igh ly i m p r o b a b l e 
e v e n t s p o s t u l a t e d for an MCA, the c o m p l e t e f a i l u r e of a l l n u c l e a r i n s t r u ­
m e n t a t i o n and sa fe ty c i r c u i t s , t o t a l o p e r a t o r d i s r e g a r d for the s t a t u s of the 
r e a c t o r , and con t inuous add i t ion of r e a c t i v i t y i s h y p o t h e s i z e d for the DBA. 
T h e DBA r e s u l t s in 2,7 x 10 ° f i s s i o n s , the b u r n i n g of 60 kg of p l u t o n i u m , and 
the v a p o r i z a t i o n and r a p i d ox ida t ion of about 22 kg of s o d i u m . T h e r e i n ­
fo rced c o n c r e t e ce l l , confinennent she l l , and e m e r g e n c y e x h a u s t s y s t e m w i t h ­
s tand t h i s type of a c c i d e n t wi th only m i n i m a l r e l e a s e (6 m g ) of p l u t o n i u m to 
the a t m o s p h e r e . The r e l e a s e of 6 m g of p l u t o n i u m r e s u l t s in i nha l a t i on 
d o s e s no g r e a t e r t han 7.4 x 10" t i m e s m p b b ( m a x i m u m p e r m i s s i b l e body 
b u r d e n s ) for T y p e C p l u t o n i u m (30% ^*°Pu) to an o b s e r v e r a t 225 m and 
4 X 10" m p b b at 1300 m ( s i t e b o u n d a r y ) u s i n g p e s s i m i s t i c a t m o s p h e r i c con­
d i t i ons of 1 m / s e c wind v e l o c i t y and a s s u m i n g the a v e r a g e w o r s t m e t e o r o ­
l o g i c a l c o n d i t i o n s . T h e s e c a l c u l a t e d body b u r d e n s a r e about a f ac to r of 
150 l e s s t h a n the 0.1 m p b b c r i t e r i o n for m a x i m u m p e r n n i s s i b l e body b u r d e n s 
u n d e r a c c i d e n t cond i t i ons for fas t p l u t o n i u m fueled Z P R ' s . To c a l c u l a t e the 
h a z a r d s a s s o c i a t e d wi th the r e l e a s e of the g a s e o u s f i s s i on p r o d u c t s to the 
a t m o s p h e r e , it i s a s s u m e d tha t only the f i s s i on p r o d u c t s in the p o r t i o n of the 
c o r e w h i c h h a s m e l t e d and p e n e t r a t e d the s t a i n l e s s s t e e l j a c k e t i n g a r e r e ­
l e a s e d to the ce l l and to the a t m o s p h e r e . U n d e r the h y p o t h e s i z e d DBA con­
d i t i ons 60 kg of p l u t o n i u m (220 kg of fuel a l loy) m e l t and p e n e t r a t e t h e i r 
s t a i n l e s s s t e e l j a c k e t i n g . The f r a c t i o n of t o t a l f i s s i o n s in the 60 kg of p l u ­
t o n i u m c o n s i d e r i n g the p o w e r d i s t r i b u t i o n i s 20%. T h u s the p r o d u c t s f r o m 
0.20 x 2.7 X 10^° o r 5,4 x 10^^ f i s s i o n s a r e c o n s i d e r e d r e l e a s e d to the a t m o s ­
p h e r e . T h i s r e s u l t s in d o s e s to the t h y r o i d of no g r e a t e r t han 44 R e m to an 
o b s e r v e r at 225 m and 20 R e m to an o b s e r v e r at 1300 m . T h e g a m m a d o s e 
to the to ta l body due to the nob le gas f i s s i o n p r o d u c t s would be 0.61 R e m at 
225 m and 0 .44 R e m at 1300 m . 

6. On the b a s i s of the fo rego ing a r g u m e n t s , it i s conc luded tha t the 
Z P R - 6 and -9 f a c i l i t i e s m a y be o p e r a t e d u t i l i z i n g p l u t o n i u m fuel at t he 
A r g o n n e , I l l i no i s Si te of 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 wi thout undue r i s k 
to the h e a l t h and w^elfare of t h e g e n e r a l p u b l i c in the v i c in i t y of the L a b o r a ­
t o r y and to L a b o r a t o r y p e r s o n n e l . 
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R a d i o l o g i c a l H a z a r d s of P l u t o n i u m and 
G a s e o u s F i s s i o n P r o d u c t s 

1. I n t r o d u c t i o n 

T h e h a z a r d s a s s o c i a t e d wi th the r e l e a s e of p l u t o n i u m and g a s e o u s 
f i s s i o n p r o d u c t s a s a c o n s e q u e n c e of a n u c l e a r a c c i d e n t a r e a n a l y z e d . It is 
a s s u m e d for t h i s a n a l y s i s t ha t 1 mg of p l u t o n i u m is r e l e a s e d f r o m the 
e x h a u s t s t a c k and tha t t he g a s e o u s f i s s i o n p r o d u c t s f r o m 5.4 x 10^^ f i s s i o n s 
a r e a v a i l a b l e for r e l e a s e f r o m the s t a c k . C a l c u l a t i o n s of the r a d i o l o g i c a l 
h a z a r d s due to i n h a l a t i o n and i n g e s t i o n of p lu ton ium, i n h a l a t i o n of r a d i o -
i o d i n e , and the e x t e r n a l d o s e f r o m nob le g a s e s a r e p r e s e n t e d . 

2. M e t e o r o l o g i c a l A t t e n u a t i o n F a c t o r s 

If a n u c l e a r a c c i d e n t w e r e to o c c u r r e l e a s i n g r a d i o a c t i v i t y in the 
c e l l , p a r t i c l e s and g a s e s f r o m the b u r n i n g fuel would be e x h a u s t e d f r o m the 
r e a c t o r c e l l , t h r o u g h the e m e r g e n c y e x h a u s t s y s t e r a , and out the 46 m e t e r 
h igh s t a c k . F o r s i m p l i c i t y , t he fol lowing a s s u m p t i o n s a r e m a d e for the 
r a d i o l o g i c a l h a z a r d s a n a l y s i s . 

1. The a c t i v i t y e m a n a t e s f r o m a poin t s o u r c e a t an e l e v a t i o n of 
46 m above the b a s e of the s t a c k . 

2. The p e o p l e downwind r e m a i n in f ixed p o s i t i o n s f r o m the s t a r t 
of the r e l e a s e of a c t i v i t y un t i l the l a s t t r a c e of eff luent h a s p a s s e d by t h e m . 

3 . The m e t e o r o l o g i c a l cond i t i ons r e m a i n u n c h a n g e d du r ing the 
p e r i o d of e x p o s u r e . 

4 . T h e r e is no d e p l e t i o n of a c t i v e m a t e r i a l in the c loud by 
g r o u n d d e p o s i t i o n . 

The t i m e - i n t e g r a l of the g r o u n d - l e v e l a i r c o n c e n t r a t i o n of a c t i v i t y , 
)( ( c u r i e - s e c / m ), a t a d i s t a n c e D m e t e r s downwind and y m e t e r s c r o s s -
wind frona a po in t s o u r c e w h i c h e m i t s a t o t a l of Q c u r i e s of a c t i v i t y a t an 
e l e v a t i o n of h m e t e r s can be e s t i m a t e d by 

X = Q/TTuayoJ [ e x p ( - y y 2 a ^ + h y 2 a | } ] ( l ) 

w h e r e u is the a v e r a g e w^indspeed and Oy and O^ a r e func t ions of D. At z e r o 
c r o s s w i n d d i s t a n c e (y = 0), d i f f e r en t i a t i ng E q . ( l ) u n d e r the a s s u m p t i o n tha t 
Oy - a.0^, g i v e s the d i s t a n c e of m a x i m u m c o n c e n t r a t i o n a t the poin t down­
wind for w^hich o^ = h / v 2 . The m a x i m u m c o n c e n t r a t i o n is then g iven by 

^ m a x =" Q v ^ A a y U e h (2) 



w h e r e Oy i s e v a l u a t e d a t the d i s t a n c e D ^ a x ^ ° ^ w h i c h a^ = h / y i . The 
quan t i ty X^nax u / Q w a s e v a l u a t e d for P a s q u i l l ' s s i x s t a n d a r d a t m o s p h e r i c 
s t a b i l i t y cond i t ions us ing v a l u e s for a^ and Oy g iven in F i g s . A - 1 and A - 2 . 
The r e s u l t s a r e shown in T a b l e A - 1 . 

E q u a t i o n ( l ) d e s c r i b e s the g r o u n d l e v e l c o n c e n t r a t i o n for the r e l e a s e 
of a c t i v i t y ove r a long t e r m ( g r e a t e r t han a few m i n u t e s ) . F o r s h o r t t e r m 
or i n s t a n t a n e o u s r e l e a s e s , the g r o u n d l e v e l c o n c e n t r a t i o n wi l l be g r e a t e r 
than tha t p r e d i c t e d by E q . ( l ) . I n s t a n t a n e o u s r e l e a s e c o n c e n t r a t i o n s can be 
ob t a ined by r e p l a c i n g Oy and o^ in E q s . ( l ) and (2) by a j- and o^i, d i s p e r s i o n 
coef f i c ien t s for i n s t a n t a n e o u s r e l e a s e s . R e f e r e n c e 1 h a s s u m m a r i z e d r e ­
cen t e x p e r i m e n t s for i n s t a n t a n e o u s r e l e a s e s and s u g g e s t s the u s e of the 
v a l u e s for Oyl ^^^ ^z l g iven in T a b l e A - 2 . The m a x i m u m g r o u n d l e v e l con ­
c e n t r a t i o n s due to i n s t a n t a n e o u s r e l e a s e for s t a b i l i t y cond i t i ons A and D 
have been e v a l u a t e d and a r e p r e s e n t e d in T a b l e A - 1 . 

10^ 2 5 10^ 2 5 lo" 2 5 10̂  
DISTANCE FROM SOURCE (m) 

Fig. A - 1 . Lateral Diffusion, Oy, vs Downwind Distance from Source 
for Pasquill's Turbulence Types. (From Ref. 1.) 
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Fig. A-2. Vertical Diffusion, 02, vs Downwind Distance from Source 
for Pasquill's Turbulence Types. (From Ref. 1.) 

T a b l e A - 1 

M E T E O R O L O G I C A L A T T E N U A T I O N F A C T O R S 

D i s t a n c e Downwind (m) to 
M a x i m u m C o n c e n t r a t i o n U / Q (r 

P a s qu i l l 
S t a b i l i t y C l a s s 

A 

B 

C 
D 

E 

F 

F u m i 

C o n t i n u o u s 
R e l e a s e 

2.3 X 10^ 
3.1 X 10^ 
4 .5 X 10^ 
9.8 X 10^ 
1.6 X 10^ 
4 .0 X 10^ 

g a t i o n : D = 
D = 

2 

1 

.3 

3 

I n 

X 

x 

s t a n t a n e o u s 
R e l e a s e 

2.8 X 10^ 

2.1 X 10^ 

10^ m ; X 
10^ m ; X' 

VQ 
i / Q 

C o n t i n u o u s 
R e l e a s e 

8.0 X 10-= 
7.5 x 10-5 
6.9 X 10-5 
5.0 X 10-5 
4 .4 X 10-5 
2.9 X 10-5 

= 7.8 X 10"* 
= 1.3 X lO"* 

( m 

( m 

I n s t a n t a n e o u s 
R e l e a s e 

1.44 X IQ-^ 

5.15 X 10-5 

-^) 
-^) 
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Table A-2 

SUGGESTED ESTIMATES FOR a j AND O ĵ 

P a r a m e t e r 

Oyl ( i^ ) 

Ozl ("^^ 

Conditions 

Unstable 
Neutral 
Very Stable 

Unstable 
Neutral 
Very Stable 

D = 100 m 

10.0 
4.0 
1.3 

15.0 
3.8 
0.75 

D = 4000 m 

300.0 
120.0 

35.0 

220.0 
50.0 

7.0 

App 

100 

roximate Power 
Function for 
m :g D < 4000 m 

0.14[D]°'« 
0.06[Df-92 
0.02[Df-89 

0.53[D]°-" 
0.15[D]''-''° 
0.05[Df-" 

Fumigation conditions occur where the nocturnal t empera tu re in­
vers ion is rapidly diss ipated by warming due to solar heating after dawn. 
Under such conditions, m a t e r i a l which had accumulated aloft during the in­
vers ion condition is mixed downward uniformly from the ground up to the 
base of the invers ion. The ground- level a i r concentrat ion may be es t imated 
by^ 

X F = Q / - V / ^ ua h' (3) 

where h' is the height of the invers ion layer . The height h ' can be e s t ima­
ted^ as h + Ah + 202- (in this formula. Ah is the height above the stack to 
which the effluent r i s e s due to p r e s s u r e in the exhaust sys tem. The value 
of Ah = 0 will be assumed here . ) The stability condition F was used to 
obtain values for the d i spers ion coefficients for use in Eq. (3). At a down­
wind dis tance of 225 m, a value of 7.8 x lO"** m"^ was computed for Xp u / Q . 

Nonmeteorological factors which tend to reduce the effective stack 
height^' and thereby inc rease ground- level a i r concentrat ions have been 
considered. Downwash, due to eddies in the lee of an isolated stack, does 
not occur to any apprec iable extent ( i .e . , m o r e than one stack d iameter ) as 
long as the wind velocity is l e ss than the stack draft velocity (l6 m / s e c ) . 
In the p re sen t c a se , the minimura stack draft velocity cor responds to above 
average windspeeds so that any downwash effects would be mit igated by 
improved a tmospher ic d i spers ion . Turbulence genera ted by obstacles will 
not cause downwash if the stack is at leas t Z-j t imes the height of any 
s t ruc tu re located within 20 stack lengths. In the p resen t ca se , the highest 
obstacle within 20 stack lengths is the s tee l containment shell around the 
fast c r i t i ca l assembly cel ls and the top of this shel l is about 14 m above 
ground level . 

Argonne data'*'^ taken at an elevation of 46 m indicates that the 
average wind speed there is ~5.5 m / s e c and that the wind speed is g r ea t e r 
than ~1.5 m / s e c about 96% of the t ime . Calms (windspeeds <0.5 m / s e c ) 
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o c c u r r e d only 0.7% of the time," c a l m s of l o n g e r than one hou r d u r a t i o n 
o c c u r r e d only 0 .1% of the t i m e ; c a l m s of l o n g e r than two h o u r s d u r a t i o n 
o c c u r r e d only 0.02% of the t i m e . T h u s , a w i n d s p e e d of 1 m / s e c r e p r e s e n t s 
a c o n s e r v a t i v e va lue for u s e w i th g r o u n d l e v e l a i r c o n c e n t r a t i o n c a l c u l a t i o n s . 

A c t i v i t y r e l e a s e d t h r o u g h the s t a c k m a y be b r o u g h t to the g r o u n d by 
r a i n . The m a x i m u m t o t a l g r o u n d d e p o s i t i o n due to w a s h o u t , Wj-j^^x ( c u r i e s / 
m ), a t a d i s t a n c e D m e t e r s downwind and z e r o m e t e r s crossAvind f r o m a 
po in t s o u r c e w h i c h e m i t s a t o t a l of Q c u r i e s of a c t i v i t y can be e s t i m a t e d by 

W 
m a x 

Q / V 2 7 T eOyD (4) 

G r o u n d d e p o s i t i o n a l s o o c c u r s u n d e r n o n p r e c i p i t a t i n g c o n d i t i o n s , 
h o w e v e r , the m a x i m u r a d r y d e p o s i t i o n i s r o u g h l y an o r d e r of m a g n i t u d e l e s s 
t han the m a x i m u m w a s h o u t depos i t ion .^ F i g u r e A - 3 g i v e s Wjnax /Q ^^ a 
funct ion of d i s t a n c e downwind for the s i x P a s q u i l l c o n d i t i o n s . It can be s e e n 
in F i g . A - 3 tha t W J - J ^ ^ X / Q ^ ^-5 x 10"^ m~^ a t a l l d i s t a n c e s beyond the s i t e 
b o u n d a r i e s (~1300 m ) for a r a n g e of m e t e o r o l o g i c a l cond i t i ons inc lud ing 
p r e c i p i t a t i n g and n o n p r e c i p i t a t i n g w e a t h e r . 

In o r d e r to m a k e an e s t i m a t e of the m a x i m u m w a t e r c o n t a m i n a t i o n 
h a z a r d , it is a s s u m e d t h a t : '^ 

i) W m a x / Q i s 1 0 " 5 m " ^ 

ii) It wou ld t a k e one to two m o n t h s for t h i s d e p o s i t e d a c t i v i t y to 
s e e p in to p o o r l y c o n s t r u c t e d , s h a l l o w w e l l s . 

i i i ) It wou ld be d i l u t e d by 0.1 m^ of w a t e r p e r s q u a r e m e t e r of 
g r o u n d d e p o s i t i o n . 

The r e s u l t i n g c o n c e n t r a t i o n of a c t i v i t y in the g r o u n d w a t e r is 
10"^ Q c u r i e s / m ^ 

3 . P l u t o n i u m and U r a n i u m H a z a r d s 

T o e s t i m a t e the h a z a r d s a s s o c i a t e d w i th the r e l e a s e of p l u t o n i u m or 
u r a n i u m to the a t m o s p h e r e , it is a s s u m e d tha t 1 mg of p l u t o n i u m or u r a n i u m 
e s c a p e s f r o m t h e e x h a u s t s t a c k and t r a v e l s dov/nwind. The r a d i o l o g i c a l 
h a z a r d s a r e e s t i m a t e d for i n g e s t i o n and i n h a l a t i o n of t h e s e c o n t a m i n a n t s . 

P e r t i n e n t p h y s i c a l p r o p e r t i e s of s o m e u r a n i u m and p l u t o n i u m i s o t o p e s 
a r e p r e s e n t e d in T a b l e A - 3 . T h r e e fuel s a m p l e s (A, B , and C) of p l u t o n i u m 
wi th d i f f e r en t i s o t r o p i c a b u n d a n c e s a r e c o n s i d e r e d . C o l u m n 6 g i v e s the 
a m o u n t of a c t i v i t y i n h a l e d for e a c h i s o t o p e c o m p u t e d w i t h the r e l a t i o n : 

A m o u n t I n h a l e d = [ a c t i v i t y / m g ] x X / Q X BR 
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w h e r e a c t i v i t y / m g is g iven in c o l u m n 5, X / Q ( s e c / m ' ' ) w a s e v a l u a t e d for 
the fu tn igat ion cond i t ion at 225 m downwind, a t a w i n d s p e e d of 1 m / s e c , and 
BR is the a c t i v e b r e a t h i n g r a t e g iven a s 3.47 x 10"^ m - ' / s e c . Co lumn 7 g i v e s 
the c o n c e n t r a t i o n of e a c h i s o t o p e in the g r o u n d w a t e r for the depos i t i on 
cond i t ions d i s c u s s e d in Sec t ion 2 . 

10-3 F -\ 1 1 — I — r - i I I I' -[ 1 1 — I — I — i — r - r 

J 1 I I I I I 

|02 2 5 |o3 2 5 iQi* 2 ! 

DISTANCE, meters 

THE CURVES APE FOR THE SIX ATMOSPHERIC STABILITY CONDITIONS OF PASQUILL. 

I05 

Fig. A-3. Maximum Deposition per Unit Source Strength (in meters'^) from 
Washout at the Optimum Scavenging Rate as a Function of Distance 
Downwind (in meters). The crosswind distance is zero. 



Table A-3 

PHYSICAL CHARACTERISTICS AND CONTAMINATING CONCENTRATIONS FOR 
A 1 mg RELEASE OF URANIUM AND PLUTONIUM SAMPLES 

1 sotope 

232u 

233y 

234u 

235u 

238u 

238pu 

23'Pu 

210pu 

241p„ 

242p, 

Sample 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

Half-LKe, 

yr-

74 

1.62 X 105 

2.48 X 105 

7.1 X 10^ 

4.51 X lO' 

89 

2.44 X Iff* 

6,76 X 10^ 

13 

3.79 X 1(P 

Specific 
Activity, 

Ci/g 

20.8 

9.49 X 10-3 

6.16 X 10-3 

2.15 X 10-^ 

3.35 X 10 - ' 

16.9 

6,14 X 10-2 

2,2 X 10- ' 

1,14 X 102 

3 9 X 10-3 

Isotopic 
Composition 
of Sample, 

wt % 

0,004 

98,33 

0,127 

0,0102 

1.53 

-
0.05 

1.0 

95.0 

86.0 

54.0 

4.5 

12.0 

30.0 

0.5 

2.0 

12.0 

3.0 

Activity 
for 1 mg 
of Sample, 

PC 

8,32 X 

9.33 X 

7,82 X 

2,19 X 

5,13 X 

-
8,44 X 

1,69 X 

5,83 X 

5,28 X 

3,32 X 

9,92 X 

2,64 X 

6,61 X 

5,69 X 

2 28x 

1,37 X 

3 40x 

10-1 

10» 

10-3 

10- ' 

10- ' 

lO" 

102 

lOl 

loi 

IQl 

10" 

loi 

loi 

102 

103 

10̂  

10-8 

Amount of 
Isotope 

Inhaled at 
225 m for 

x/Q " 7,8 X 10-'', 

MC 

2,25 X 10- ' 

2,53 X 10- ' 

2,12 X lO - ' 

5,92 X 10- ' ' ' 

1,38 X 10-'2 

-
2,29 X 10- ' 

4,57 X 10- ' 

1.58 X 10-5 

1,43 X 10-5 

8,97 X 10- ' 

2,68 X 10- ' 

7,13 X 10- ' 

1,78 X 10-5 

1,54 X 10-" 

6,16 X 10-" 

3 71 X 10"3 

1,09 X 1 0 ' " 

Concentration 
of Isotope 
in Ground 
Water at 

1,3 km for 
W/Q ' 10-5, 

UC/cc 

8,32 X 10-11 

9,33 X l O ' l " 

7,82 X 10-13 

2,19 X 10 -1 ' 

5,13 X 1 0 - " 

-
8,44 X 10-1° 

1,69 X 10-* 

5,83 X 10- ' 

5 28 X 10- ' 

3,32 X 10- ' 

9,92 X 1 0 - l " 

2,64 X 10" ' 

6.61 X 10" ' 

5 69 X 10"* 

2.28 X 10" ' 

1 37 X 10" ' 

2 34x IQ - l l 

The ingestion hazard can be conservat ively es t imated if it is con­
s idered as resul t ing f rom the intake of plutonium or uran ium and assuming 
that they a r e in the soluble form for which the bone is the c r i t i ca l organ. 
However, for the inhalation hazard , the insoluble form of uranium, for which 
the lung is the c r i t i ca l organ, must be considered in addition. 

Hazards a r e evaluated in t e r m s of the max imum permiss ib le body 
burden, mpbb, and the max imum pe rmiss ib l e concentrat ion in •water 
(MPC)-yy-, and in a i r (MPC)^^. The mpbb is defined as that amount of the 
radionuclide which is deposited in the total body and produces the maximum 
permiss ib le RBE dose ra te to the body organ of reference (bone in our 
c a s e ) . ' The (MPC)-yy or (MPC)^^ is defined as that concentrat ion of the 
radionuclide in water (or in a i r ) which if ingested by the s tandard man as a 
consequence of occupational exposure for a period of 50 y e a r s , would r e ­
sult in the accumulation of the mpbb . ' The upper l imit for single exposure 
under accident conditions , has been a r b i t r a r i l y taken as one-tenth of the mpbb. 

a. Ingestion Hazard 

To de termine the extent of the ingestion hazard , the concentra­
tions in the ground water given in Table A-3 a r e compared in Table A-4 



247 

wi th the (MPC)-^^ v a l u e s ' for the m o s t h a r m f u l i s o t o p e s ("^U, " ^ U , "®U and 
P u c o n t r i b u t e n e g l i g i b l e a m o u n t s c o m p a r e d to the o the r i s o t o p e s ) . The 

e s t i m a t e d m a x i m u m c o n c e n t r a t i o n of P u (Sample C) w h i c h m i g h t o c c u r in 
the g r o u n d w a t e r is 6.35 x 10"'* x ( M P C ) - ^ . The (MPC)-nu- c o n c e n t r a t i o n is 
b a s e d on the e x c l u s i v e con t inuous i n g e s t i o n of w a t e r (lOOO c c / d a y in food 
and 1200 c c / d a y in f lu ids) con ta in ing the m a x i m u m p e r m i s s i b l e c o n c e n t r a ­
t ion in w a t e r of the r a d i o i s o t o p e unde r c o n s i d e r a t i o n . A s s u m i n g tha t the 
w a t e r i n t ake in the f o r m of food i s no t c o n t a m i n a t e d , a p e r s o n d r i n k i n g f r o m 

241, a c o n t a m i n a t e d w e l l would i n g e s t P u a t the r a t e : 

6.35 x 10"^ X ( M P C ) ^ X 1200/2200 = 3.11 X 10"^ x (MPC) W 

or 0.03% of the max imuin . p e r m i s s i b l e r a t e for con t inuous e x p o s u r e . S u m ­
m i n g o v e r the i s o t o p e s of e a c h s a m p l e g ives the to t a l i n g e s t i o n r a t e in 
t e r m s of the ( M P C ) ^ shown in T a b l e A - 5 . The p l u t o n i u m S a m p l e C is the 
w o r s t c a s e wi th an i n g e s t i o n r a t e of about 0 .1% of the (MPC)-yy. One would 
have to i n g e s t w^ater wi th a c o n c e n t r a t i o n of 1.1 x (MPC) -^^ - for 50 y e a r s to 
r e c e i v e 10% m o r e than the m a x i m u m p e r m i s s i b l e body b u r d e n . T h u s , the 
i n g e s t i o n h a z a r d i s s m a l l . 

T a b l e A - 4 

I N G E S T E D ACTIVITY F R O M GROUND W A T E R AT 1.3 k m 

I s o t o p e S a m p l e 
(MPC)-\y for C r i t i c a l O r g a n for 

168 h r / w k E x p o s u r e , idC/cc 
C o n c e n t r a t i o n in G r o u n d Wate r 

: ( M P C ) ^ 

° P u 

' P u 

" P u 

' P u 

A 
B 
C 

A 
B 
C 

A 
B 
C 

A 
B 
C 

8 X 1 0 " ' 
4 X 1 0 " ' 
5 X 10"^ 

5 X 1 0 ' 

5 X 10-5 

2 X IQ-^ 

1.04 X 10-
2.33 X 10-

1.69 X 10-5 
3.38 X 10-* 

1.17 X 10-* 
1.06 X 10"* 
6.69 X 1 0 ' = 

1.98 X 10-5 
5.28 X 10-5 
1.32 X 10-* 

2.85 X 10-5 
1.14 X 10-* 
6.85 X 1 0 ' * 

T a b l e A - 5 

INGESTION R A T E O F ACTIVITY F R O M GROUND W A T E R AT 1.3 k m 

S a m p l e 

U 

P u - A 

I n g e s t i o n R a t e 

3.37 X 10-5 ^ ( M P C ) ^ 

1.66 X 10-* X (MPC).^y 

S a m p l e 

P u - B 

P u - C 

I n g e s t i o n R a t e 

2.90 X 10-* X ( M P C ) ^ 

1.22 X 10-5 X ( M P C ) , ^ 
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The ingestion hazard in rea l i ty would be less than predic ted 
above. The one or two months it takes for the water to seep into wells far 
exceeds the t ime in which the surrounding communit ies would be warned of 
the hazard . Drinking water could be supplied to these communit ies from 
outside the accident a r e a . In addition, if people w^ere subjected to contami­
nated ground water for a long t e r m , one must include a diminishing concen­
trat ion with t ime in the above calculations due to continuous dilution by 
water seeping into the w^ells. 

b. Inhalation Hazard 

The hazard resul t ing from inhalation of plutonium or uranium 
assumed to be in the soluble form can be determined by computing the 
activity accumulated in the bone which is given by: 

A(juC) = Q X X / Q X BR X ia. - [Amount Inhaled] x fa 

where [Amount Inhaled] is given in Table A-3 and f̂  is the fraction of the 
isotope reaching the organ of re ference by inhalation. Values of f̂  (Ref. 8) and 
A a re given in Table A-6 along with values of the mpbb. Dividing A by the 
mpbb for each isotope and summing over all the isotopes of a sample gives 
the fraction of the total body burden inhaled given in Table A-7 . In the wors t 
ca se , plutonium Sample C, 0.12% of the mpbb is accumulated in the bone. 
This is to be compared to the upper l imit of 10% of the mpbb set for acc i ­
dent conditions. 

T a b l e A - 6 

INHALED ACTIVITY DUE TO A 1 m g R E L E A S E O F P L U T O N I U M AND URANIUM AT 225 m 

I s o t o p e 

2 3 2 ^ 

2 3 3 ^ 

" « P u 

» ' P u 

240p^ 

^*'Pu 

S a m p l e 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

fa 
F r a c t i o n of 

I so tope R e a c h i n g 
O r g a n of 

R e f e r e n c e by 
Inha la t ion 

0.028 
0,028 
0 , 2 

0 . 2 

0 , 2 

0 . 2 

m p b b 
M a x i m u m 

P e r m i s s i b l e 
in T o t a l B 

MC 

0,01 
0.05 
0,04 

0.04 

0,04 

0 , 9 

B u r d e n 
ody, 

A 

i n 

A 

c t iv i ty A c c u m u l a t e d 
O r g a n of R e f e r e n c e , 

MC 

6.30 x 
7,08 X 

-

4,57 X 
9.14 X 

-
3.16 X 
2.86 X 
1.79 X 

-
5,37 X 
1,43 X 
3.57 X 

-
3.08 X 
1.24 X 
7.41 X 

1 0 - ' 
10-^ 

1 0 - ' 
1 0 - ' 

1 0 - ' 
1 0 - ' 
1 0 - ' 

1 0 - ' 
1 0 - ' 
1 0 - ' 

10-5 
10-5 
10-* 

(A/mpbb) 

0,63 
1.41 

0,11 
2,71 

0.79 
0.72 
0.46 

0.18 
0.36 
0.89 

0.34 
0.14 
8.24 

X 

X 

-

X 

X 

-
X 

X 

X 

-
X 

X 

X 

-
X 

X 

X 

1 0 - ' 
1 0 - ' 

10-* 
10-* 

10-* 
10-* 
10-* 

10-* 
10-* 
10-* 

10-* 
10-* 
10-* 



T a b l e A - 7 

F R A C T I O N O F T H E T O T A L BODY BURDEN IN H A L E D FOR 
URANIUM AND P L U T O N I U M AT 225 m 

Sample 

U 
Pu-A 

Fractional mpbb Inhaled 

2,04 X 10- ' 
1.31 X 10-* 

Sample 

Pu-B 
Pu-C 

Fract ional mpbb Inhaled 

1.33 X 10-* 
1.23 X 10-^ 

In the c a s e of u r a n i u m , the in so lub le f o r m of the s a m p l e and i t s 
effect on the lung m u s t be c o n s i d e r e d . It is a s s u m e d tha t 25% of the in ­
so lub le c o m p o u n d i s i m m e d i a t e l y e x h a l e d , 62-|% is d e p o s i t e d in the lungs and 
u p p e r r e s p i r a t o r y p a s s a g e s and s u b s e q u e n t l y swa l lowed in the f i r s t 24 h o u r s 
and the r e m a i n i n g 12-2% is r e t a i n e d in the lungs wi th a ha l f - l i f e of 120 d a y s . 
The a m o u n t r e t a i n e d in the lungs can be c o m p a r e d with the e q u i l i b r i u m 
a m o u n t of r a d i o i s o t o p e (E) a c c u m u l a t e d in the lungs a f t e r a con t inuous i n ­
h a l a t i o n of a i r con ta in ing the (MPC)-'-'^'^g of the r a d i o i s o t o p e . After con t inu ­
ous i nha l a t i on of c o n t a m i n a t e d a i r for m o r e than about s e v e n effect ive half-
l i v e s (840 days ) the r a t e at wh ich a r a d i o i s o t o p e is r e t a i n e d in the lungs wi l l 
be equa l to the r a t e a t wh ich the r e t a i n e d r a d i o i s o t o p e l e a v e s the lungs, i . e . , 

0 .693 X E / 1 2 0 = 0.125 x 1 x lO ' x (MPC)J^'^"g. 

The f ac to r 1 x 1 0 r e p r e s e n t s the v o l u m e of a i r b r e a t h e d in one day ( c c / d a y ) 
for e ight h o u r s at the a c t i v e b r e a t h i n g r a t e . The (MPC) ^ i s s e l e c t e d for 
40 h o u r s p e r w e e k . It is found t h a t : 

E = 2.17 X 10^ X (MPC)J^^ng_ 

The a m o u n t of a c t i v i t y r e t a i n e d in the lungs due to inha la t ion (0.125 t i m e s 
the a m o u n t i nha l ed in T a b l e A - 3 ) , and the e q u i l i b r i u m a m o u n t ( E ) due to 
inha l a t i on of the ( M P C ) ^ ^ ^ § is g iven in T a b l e A - 8 along wi th the r a t i o of 
t h e s e two q u a n t i t i e s . It is no t ed tha t the t o t a l a m o u n t a c c u m u l a t e d f r o m the 
1 m g r e l e a s e i s 0.002% of the e q u i l i b r i u m a m o u n t , a s m a l l h a z a r d c o m p a r e d 
to the r e l e a s e of the so lub l e f o r m of the m a t e r i a l . 

T a b l e A - o 

ACTIVITY I N H A L E D DUE T O A 1 m g R E L E A S E O F URANIUM 
(INSOLUBLE FORM) AT 225 m 

I s o t o p e 

X 
A m o u n t of Ac t iv i ty 

R e t a i n e d L u n g s , 
( M P C ) ^ for Lung 

B a s e d on 40 h r / w k , 
fiC/cc 

E q u i l i b r i u m Act iv i ty 
A c c u m u l a t e d in Lung 
due to Inha l a t i on of 
A i r Conta in ing the 

(MPC)_^, juC X / E 

2.90 X 1 0 - ' 
3.16 X 1 0 - ' 

3 X I Q - " 
1 X 10- ' ° 

6.51 X 10-^ 
2.17 X 10-2 

4.29 X 10" 
1,46 X 10" 

T o t a l 1.89 X 1 0 ' 



The i n h a l a t i o n h a z a r d ou t s i de the L a b o r a t o r y Si te can be e v a l u ­
a t e d by us ing the m e t e o r o l o g i c a l a t t e n u a t i o n f a c t o r , X U / Q > for the fumiga t ion 
cond i t ion a t the n e a r e s t s i t e b o u n d a r y , a d i s t a n c e of 1300 m f r o m the s t a c k . 
The v a l u e of X ^ / Q is 1.3 x 10""* a t t h i s po in t . The a m o u n t of c o n t a m i n a n t s 
i n h a l e d can be o b t a i n e d by m u l t i p l y i n g the p r e v i o u s r e s u l t s by a f ac to r of 
0.167 ( r a t i o of m e t e o r o l o g i c a l a t t e n u a t i o n f a c t o r s , 1.3 x 10" / 7 . 8 x 10" ). 
T h u s , for the s o l u b l e f o r m of the c o n t a m i n a n t s , 0.02% of the m p b b i s a c c u ­
m u l a t e d in the bone for the w o r s t c a s e , p l u t o n i u m S a m p l e C. 

4 . G a s e o u s F i s s i o n P r o d u c t s 

The h a z a r d s a s s o c i a t e d wi th the i n h a l a t i o n of r a d i o i o d i n e and the 
e x t e r n a l body dose f r o m noble g a s e s a r e a n a l y z e d for the r e l e a s e of f i s s i o n 
p r o d u c t s f r o m 5.4 x 10 f i s s i o n s . The m o d e l for the r e l e a s e of the g a s e o u s 
f i s s i o n p r o d u c t s f r o m the s t a c k a s a funct ion of t i m e i s b a s e d on the DBA 
a n a l y s i s (Chap te r 12) of the p r e s s u r e bu i ldup in the r e a c t o r c e l l and gas r e ­
l e a s e f r o m the c e l l d u r i n g an a c c i d e n t . 

a . G a s e o u s F i s s i o n P r o d u c t R e l e a s e 

In con junc t ion w i th the DBA a n a l y s i s , the fol lowing a s s u m p t i o n s 
h a v e b e e n m a d e c o n c e r n i n g the f i s s i o n p r o d u c t s : 

i) Al l f i s s i o n s o c c u r a t t i m e s i x s e c o n d s ( acc iden t t i m e s c a l e 
when the r e a c t o r g o e s p r o m p t c r i t i c a l ) . 

ii) F i s s i o n p r o d u c t s f r o m 5.4 x 10 f i s s i o n s a r e r e l e a s e d to 
the c e l l i n s t a n t l y a t t i m e 13 s e c o n d s (when the fuel m e l t s and the c ladd ing 
f a i l s ) . 

i i i ) T h e f i s s i o n p r o d u c t s a r e s p r e a d u n i f o r m l y t h r o u g h o u t the 
c e l l upon r e l e a s e . 

iv) Only the t r a n s i e n t t i m e f r o m ce l l to s t a c k is c o n s i d e r e d . 

v) T h e r e is no f i l t e r i n g ac t i on by the sand f i l t e r b e c a u s e we d e a l 
w i t h only g a s e o u s f i s s i o n p r o d u c t s . 

vi) The r e c e p t o r r e m a i n s in a f ixed p o s i t i o n downwind un t i l a l l 
g a s e s a r e e x h a u s t e d f r o m the s t a c k . T h u s , only the t o t a l n u m b e r of g a s e o u s 
f i s s i o n p r o d u c t a t o m s r e l e a s e d f r o m the s t a c k i s of c o n c e r n . (Ra tes of r e ­
l e a s e f r o m the s t a c k a r e no t c o n s i d e r e d , ) 

The t i m e s c a l e in the DBA a n a l y s i s is d iv ided into s m a l l t i m e 
i n t e r v a l s for w h i c h p r e s s u r e s , g a s v o l u r a e s , and t e m p e r a t u r e s in the c e l l 
a r e c o m p u t e d . The p r e s e n t a n a l y s i s m a k e s u s e of the following p a r a m e t e r s : 

AW(t^)/W(t^) = F^, the f r a c t i o n of c e l l a i r r e l e a s e d f r o m the ce l l 
du r ing t i m e i n t e r v a l t^, 
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P - the a v e r a g e p r e s s u r e (psig) in the ce l l du r ing t i m e 
i n t e r v a l t^. 

T^ = 1 4 0 . 4 / p ^ the t i m e s p e n t by the f i s s i o n p r o d u c t s in the p ip ing 
and f i l t e r s e c t i o n be fo re be ing r e l e a s e d f r o m the 
s t a c k . 

®''Se (tĵ ) the a v e r a g e n u m b e r of ^^Se a t o m s du r ing t i r ae i n ­
t e r v a l t i a f t e r i n s t a n t a n e o u s f i s s i o n a t t i m e 6 s e c o n d s , 
( A s i m i l a r def in i t ion ho lds for a l l f i s s i o n p r o d u c t 
a t o m n u m b e r s , ) V a l u e s -were d e r i v e d f r o m da t a g iven 
in Ref. 9. 

As an e x a m p l e , c o n s i d e r the ^''Kr f i s s i o n cha in (decay h a l f - l i v e s 
in p a r e n t h e s e s ) . 

8«Kr (2.8 h) 
11.8% 

s^Se (2.0 s) --^^Br (4.4 s ) - ^ - ^ ^^Kr (3.2 m ) 
88.2% 

The c a l c u l a t i o n p r o c e e d s in the folio-wing m a n n e r : 

1. At the end of the f i r s t t i m e i n t e r v a l t j , the f r a c t i o n of a i r 
r e l e a s e d f r o m the c e l l du r ing the t i m e tj i s g iven by F^. The n u m b e r of 

on 

a t o m s in the K r cha in r e l e a s e d f r o m the c e l l i s : 

Fi[«^Se(ti) + «9Br ( t i ) - f«%r ( t i ) ] . 

The n u m b e r r e m a i n i n g in the c e l l i s : 

[ l - F i ] [ « 9 S e ( t i ) + ^ ^ B r ( t i ) + « 9 K r ( t i ) ] , 

2. The n u m b e r of a t o m s of ^'^Kr r e l e a s e d f r o m the s t a c k i s 
g iven by: 

F i X 0.882 X [89Se(ti + Ti) + 89Br(ti + Ti ) ] + F j [^^Kr (tj-f F j ] . 

H e r e it is a s s u m e d tha t the nob le g a s p r e c u r s o r s r e t a i n e d 
in the p a r t i c u l a t e f i l t e r s a r e r e l e a s e d f r o r a the s t a c k when they decay to ^^Kr 
and tha t the g a s e o u s p r e c u r s o r s b e c o m e Kr a s they l e a v e the s t a c k . T h e s e 
a s s u m p t i o n s l e a d to a s o m e w h a t c o n s e r v a t i v e e s t i m a t e of the t o t a l Kr 
a t o m s r e l e a s e d f r o m the s t a c k . 

3 . At the end of the s e c o n d t i m e i n t e r v a l , the n u m b e r of a t o m s 
in tLe ^^Kr cha in r e l e a s e d f r o m the ce l l i s : 



F,[l- Fi][«^Se (t^) + «^Br (t^) + «^Kr (t^)] 

The n u m b e r r e m a i n i n g in the ce l l i s : 

[ l - F 2 ] [ l - F i ] [ « 9 S e ( t 2 ) + «9Br(t2) + «^Kr(t2)] 

4 . The n u m b e r of a t o m s of Kr r e l e a s e d f r o m the s t a c k is 
g iven by : 

F , [ l - F j x 0.882 X [«9Se(t2+T2) + ' ^Br ( t2+T2) ] + F2[l - Fi][89Kr(t2 + T^]. 

The c a l c u l a t i o n p r o c e e d s in the m a n n e r d e s c r i b e d above for 
the f i r s t two i n t e r v a l s and c o n t i n u e s for t i m e i n t e r v a l s un t i l t i m e s i x m i n ­
u t e s . The t o t a l n u m b e r of a t o m s of ^^Kr r e l e a s e d f r o m the s t a c k is g iven 
by the s u m 

6 m m 

I 
i = l 

ff(i-Fj; [o .882 x (^^Se(ti + T^) + ^^Br (t^ + T^) ) + ^ % r (t^ + T^)]. 

About 10% of the o r i g i n a l n u m b e r of a t o m s in the cha in s t i l l r e m a i n in the 
ce l l a f te r s i x m i n u t e s . The p r e s s u r e in the ce l l h a s r e a c h e d an a s y m p t o t i c 
low va lue and only 3% of the c e l l a i r is be ing e x h a u s t e d p e r 12 s e c t i m e 
i n t e r v a l . T h u s , for s i m p l i c i t y , t h e s e r e m a i n i n g n u m b e r of a t o m s a r e added 

go 

to the s i x m i n u t e s u m to g ive the to t a l n u m b e r of a t o m s of Kr r e l e a s e d 
f r o m the s t a c k for a l l t i m e following the a c c i d e n t . (This p r o c e d u r e con ­
s e r v a t i v e l y o v e r e s t i m a t e s the t o t a l n u m b e r of a t o m s r e l e a s e d by a few-
p e r c e n t . ) The r e l e a s e of r a d i o i o d i n e i s t r e a t e d in the s a m e m a n n e r a s the 
noble g a s r e l e a s e . The r e s u l t s a r e g iven in Tab le A - 9 . 

Table A-9 

GASEOUS FISSION PRODUCTS RELEASED FROM THE 
STACK DURING AN ACCIDENT^ 

I so tope 

«^Kr 
s s m ^ r 
" K r 
««Kr 

8^Kr 
' "Kr 
" K r 

" ^ X e . 
Xej j 

N u m b e r of A toms 
R e l e a s e d f r o m Stack 
( 5 . 4 x 1 0 " 

2.938 
7.031 
1.386 
1.922 
1.549 
6.169 
1.357 
2.650 
1.577 

F i s s i o n s ) 

X 1 0 " 
x l O " 
x l O " 
x l O " 
X l O " 

X 1 0 " 
X 1 0 " 
X 1 0 " 
X 1 0 " 

I so tope 

' " X e 
"«Xe 
" ' X e 
'*°Xe 
131i 

132j 

1331 

134^ 

135^ 

N u m b e r of A t o m s 
R e l e a s e d fr 
( 5 . 4 x 1 0 ^ 

2.051 
2.060 
5.703 
1.543 
1.582 
2.363 
3.535 
4.151 
2.978 

am Stack 
F i s s i o n s ) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 0 " 
1 0 " 
1 0 " 
1 0 " 
1 0 " 
1 0 " 
1 0 " 
1 0 " 
1 0 " 

^These atoms numbers are a resul t of the gaseous fission product re lease 
model described in Section a. 



b . E x t e r n a l Dose f r o m Noble G a s e s 

The e x t e r n a l dose f r o m noble g a s e s is e v a l u a t e d for the f u m i ­
ga t ion condi t ion a t d i s t a n c e s 225 and 1300 m downwind f r o m the s t a c k 
and at a w i n d s p e e d of 1 m / s e c . At c l o s e d i s t a n c e s to the s t a c k , i t is n e c ­
e s s a r y to c o n s i d e r the d o s e due to /3 e m i s s i o n and 7 e m i s s i o n s e p a r a t e l y . 
The r a n g e of |3 p a r t i c l e s in a i r is a p p r o x i m a t e l y 2 m . T h u s , the dose f r o m 
|3 p a r t i c l e s can be c o m p u t e d a s s u m i n g the r e c e p t o r s u b m e r g e d in a s e m i -
inf ini te c loud of noble g a s e s wi th a c loud c o n c e n t r a t i o n g iven by the g r o u n d 
l e v e l c o n c e n t r a t i o n for the fumiga t ion cond i t ion . H o w e v e r , the r a n g e of 
7 r a y s in a i r is l a r g e c o m p a r e d to the d i m e n s i o n s of the c loud at 225 
and 1300 m . It is n e c e s s a r y in both c a s e s to c o n s i d e r the dose r e c e i v e d 
f r o m the e n t i r e c loud .* 

The dose f r o m /3 e m i s s i o n , 0^00 (Rem) , can be c o m p u t e d wi th 
the following fo rmula ,^ 

gDco = 0.23 x E g X f 

w h e r e E ^ i s the ef fec t ive e n e r g y of the /3 p a r t i c l e (obta ined f r o m Ref. 10), 
Tjy i s the g r o u n d l eve l nob le gas c o n c e n t r a t i o n , TJJ = [A,No/3.7 x 10^°] x 
g-Ax/u X [ X / Q ] c u r i e - s e c / m ^ , Nois the n u m b e r of noble gas a t o m s r e l e a s e d 
f r o m the s t a c k . Tab le A - 9 , and X i s the nob le gas a t o m d e c a y c o n s t a n t . 

The d o s e s r e c e i v e d f r o m e a c h noble gas i so tope a r e p r e s e n t e d 
in Tab le A - 1 0 for d i s t a n c e s , x , of 225 and 1300 m . 

Tab le A-10 

E X T E R N A L DOSE F R O M N O B L E GAS j3 E M I T T E R S ^ 

pDco (Rem) 

I s o t o p e 

" K r 
8 5 m j ^ j . 

8'Kr 
'^Kr 
8'Kr 
' "Kr 
' ' K r 
' " X e , 

II 
' " X e 
'^^Xe 
' " X e 
'^"Xe 

Ha l f - l i f e 

1.9 h 
4 .4 h 

78.0 m 
2.8 h 
3.2 m 

33.0 s 
10.0 s 
15.3 m 

9.2 h 
3.9 m 

17.0 m 
41.0 s 
16.0 s 

Ep 

0.07 
0.24 
0.95 
0.34 
1.33 
1.07 
1.20 
0.08 
0.30 
1.17 
0.80 
1.33 
1.33 

T o t a l Dose 

225 

9.80 
3.47 
9.05 
2.10 
1.58 
6.00 
0.97 
5.87 
4.80 
1.73 
4.49 
1.32 
2.46 

41 .3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

m 

10-5 
10-^ 
1 0 - ' 
1 0 - ' 
10 ' 
1 0 - ' 
10-= 
1 0 - ' 
10-^ 
10 ' 
10° 
10° 
10-^ 

(Rem) 

1300 m 

1.47 X 10-3 
5.55 X 10-3 
1.27 X 1 0 " ' 
3.36 X 10-^ 
4 .74 X 10-^ 

-
-

4.11 X 10-^ 
7.6 X 10-3 
1.21 X 1 0 " ' 
3.14 X 1 0 - ' 

-
-

0.7 (Rem) 

•These dose n u m b e r s a r e a r e s u l t of the g a s e o u s f i s s i on p r o d u c t r e l e a s e 
m o d e l d e s c r i b e d in Sec t ion a. 

*The range of Y rays in air is considered large compared to the dimensions of the cloud if a, the cloud 
dispersion coefficient (= -/^x^y for isotropic cloud) is greater than l/\x where pis the total absorption 
coefficient in air. 
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The 7 dose rece ived by a r ecep to r at ground level from a 
finite, i sotropic (Oy = o^,) cloud centered at h m e t e r s above the ground, is 
given by 

Dy(x,y,0) = 0.1616/i^a ^Qo(x) ( l i + kl2)/u (Rem) 

-where 

/ig. is the energy absorption coefficient for a i r ( l / m ) 

jd is the total absorption coefficient for a i r ( l / m ) 

k - (/i-/-ta)Aa 

E'y is the average gamraa energy (MeV) 

Qo(x) is the cur ies of activity at dis tance x from the stack given by 
Qo(x) = XNoe-^x/u/3.7 X 10^° 

No is the number of noble gas a toms r e l ea sed from the stack 
(Table A-9) 

u is the average windspeed, and 

Ij and I2 a re functions of h and the cloud d ispers ion coefficient for 
an isotropic cloud {a - (OyOz) ). 

Values of /ig ,̂ /i, k, Ij and I2 -were taken from the graphs of 
F i g s . A-4 , A-5 and A-6 . A tabulation of these values and the doses from 
the 7 emitting isotopes is p resen ted in Table A - 1 1 . 

The external j3 dose is 41 R e m at 225 m and about 1 Rem at 
1300 m. The penetrat ion of lo-w energy j6 radiat ion is not g rea t and this 
dose can be considered as being absorbed by the skin. The max imum p e r ­
miss ib le dose to the skin is 30 Rem per year or 1500 Rem for 50 years of 
occupational exposure . If the accident dose l imit is taken as l / lO the life­
t ime l imit (150 Rem) , the calculated value of 41 R e m is re la t ively safe. The 
actual dose to the skin will be l ess than 41 R e m due to attenuation by the 
clothing of the r ecep to r . Using energy dependent factors d iscussed in Ref. 1 
and a clothing thickness of 25 mg/cm^ (including a 7 mg/cm^ layer of dead 
skin), the external /3 dose is reduced to 3 1 Rem. 

The external 7 dose is 0.6 Rem at 225 m and 0.44 Rem at 
1300 m. These calculated values a re to be compared to the accident dose 
l imit of 25 R e m for the -whole body dose . 



Table A - U 

EXTERNAL DOSE FROM NOBLE GAS y EMITTERS 

Isotope 

85m Kr 

87Kr 

88Kr 

i 3 i x e | 

135xe„ 

138x6 

Average 

y Energy 

Ey, MeV 

0.16 

1.19 

1.95 

0.45 

0.26 

1.50 

Energy Absorption 

Coefficient for 

Ai r Ua, m ' ^ 

3.3 X 10-3 

3.5 X 10-3 

3.1 X 10-3 

3.8 X 10-3 

3.7 X 10-3 

3.3 X 10-3 

Total Absorption 
Coefficient for 

Ai r ^i, m - l 

1.7 X 10-2 

7.5 X 10-3 

5.8 X 10-3 

1.2 X 10-2 

1 4 X 10-2 

6.7 X 10-3 

(M -Ual/Ma. k 

4.1 

12 

0.9 

2.1 

2.9 

1.0 

X 

Descriptive 
Functions 
for Cloud 

l l 

0.27 

110 

1.60 

0.50 

0.40 

1.20 

l2 

0.27 

0.60 

0.70 

0.38 

0.33 

0.62 

Total 

- 225 m 

Dose D^(xOO) 

Rem 

1.64 x 10-3 

4 90 X 10-2 

4.38 X 10-2 

1.99 X 10"1 

2 65 X 10-3 

3.17 X 10-1 

)ose 0.61 Rem 

X 

Descriptive 
Functions 
for Cloud 

l l 

0.40 

1.40 

2.00 

0.70 

0.55 

1.60 

l2 

0.28 

0.58 

0.68 

0.38 

0.32 

0.60 

Total 

1300 m 

Dose Dy(x,0,0), 
Rem 

2.28 X 10-3 

5 35 X 10-2 

5.17 X 10-2 

121 X l O ' l 

3.59 X 10-3 

2.03 X 10'1 

3ose 0.44 Rem 
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Fig. A-4. Absorption Coefficients and Values of the Buildup Constant for Air at S.T.P. (from Ref. 1) 
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î 
— 

1 , 

:;;•-

h-

1 

1 
1 

s = l 0 

,.^s 

^ ^ -

' ' 
T l 

1 

C i-̂  
N 

— ^ \ 
t: . • 

~~ 1 

-X 

1 — ' 

..-

t-

— t -
- <-

\ 
1 , 1 

?s^- l 
^ ^ 5 U -

\ 

A-

\ 

- • 

1 

:^: 

— 

— 

U:'-J5, 
\ 

- - V 
\ 

rV -
\ -

• f i — 

\ 

\ 
\ 
-X' 

_ - - - j -
1 ^ 

If 

— 

1 

! 1 
1 i"s-IC 

1 

1 1 

•p-H 

1 

V + 

" • ^ 

V 
• - \ \ 

k X 
\y ̂  y. -• 

vi-v^— 

" 1 

I 

^4 

-
- 1 

^ - t 
1 

: 

_ ^ 

S 

k 

1 

^ 

r 1 : 

'*s = 0 
K" 

VV 

feA? 
• 

^ \ 

. _ 

i 
/ 

/ 

1 - I r^ / 
' ll / 

,p 
\ 
4 -^ 

T 

';t°^ 
1^P A 
7 ̂  
m^-\ . 

- \ ~ -
\ 

, 1 1 
_Z ".''-

/IS = 20 

'' 
_ i • - • 

' 1 -
1 1 

1 

[ 
,—^--—... 

-j 

1 

, 1—1 ; 

' 

: • 

A 1 h-"1--^~ — t 
i : :z_^3T_„_:: i 
>V 

"̂A « ' 
N \ 
r«A 
- • ' \ - — 

- - N / ^ V S ^ "^ 
' I A \ . \ 

/ ^ ^ ^ . 
_ - V - v ^ ^ r 

ilA \%1 
\y\S-. 

m •r\rn'''n#H 

-::\ ̂ f c i -?!; 
/ I 

\ / j [ 

y --= 
M S - 5 0 | 1 

10-3 10-2 IQO 10' 

/^•^I 

Fig. A-6. Values of the I2 Integral (from Ref. 1) 

file:///y/S


258 

c. Inhalation of Radioiodine 

The haza rd due to inhalation of radioiodine is evaluated for the 
fumigation condition at 225 and 1300 m do-wnwind from the s tack and for 
a w^indspeed of 1 m / s e c . Under these conditions, the activit-y, I, inhaled 
and taken up by the organ of reference (thyroid) is given by 

I = XNoe"^^/^ X [ X / Q ] X BR X fa, 

\vhere 

No is the number of iodine atoms r e l eased from the stack (Table A-9) , 

BR is the active breathing ra te (3 .47x10" m^/sec ) , and 

f̂  is the fraction of the iodine inhaled -which is taken up by the thyroid. 

The activity in the thyroid at t ime t after inhalation is 

I x e ' ^ e f f t 

-where 

'̂ eff - ^ + ^ b ' the effective decay constant for iodine in the 
thyroid, and 

A.̂  = biological decay constant for iodine in the thyroid (138-day 
half-life). ' ' 

The dose ra te (Rem/sec ) to the thyroid is then given by 

D ' (Rem/sec) = [ Ixe ^^^ d i s / s e c ] x e (MeV/dis) x 1.6 

x 10"^ (ergs /MeV) x 10"^ ( g - r a d s / e r g s ) x l / m (g"''), 

-where m is the m a s s of the thyroid (20 g). 

The total dose to the thyroid is obtained by integrating the dose 
ra te over the life span of the recep tor (~50 y r ) . The final express ion for 
the total dose to the thyroid due to inhalation of radioiodine is no-w 

D(Rem) = I x e x 1.6 x 10"yx,gf£m. 

Using values of e from Ref. 7, the doses to the thyroid -were 
computed for s eve ra l iodine isotopes and a r e p resen ted in Table A-12 . 

f 

file:///vhere


Table A-12 

DOSES TO THE THYROID FROM INHALATION OF RADIOIODINE 

Exposure for Entire Time of Accident 
(Release Model of Section a) 

Exposure for 15 min after Accident 
(Release Model of Section d) 

Isotope Half-life 
Energy per Disintegration, 

e, MeV/sec 
Number of 

Atoms Released Dose, Rem, at 225 m Dose, Rem, at 1300 m 
Number of 

Atoms Released Dose, Rem,3 at 225 m 

131| 

132| 

133, 

134, 

135, 

8.05 d 

2.3 h 

20.8 h 

53.0 m 

6.7 h 

0.23 

0,65 

0,54 

0,82 

0.52 

1.58 X lO'S 

2.36 X lo '* 

3.54 X 10l8 

4.15 X IQI^ 

2.98 X lo'* 

L72 X 10 

7.54 X 10 

9.24 X 10 

16.30 X lO' 

7.78 X 10 

2.87 X 10° 

1,13 X lol 

1,48 X lo ' 

2.12 X lo ' 

1.24 X lo ' 

1.13 X l o l ' 

9.10 X l o ' ' 

1.69 X lo'* 

1.71 X lo'* 

2.89 X l o l ' 

1.23 

2.90 

44.09 

67.19 

75.62 

Total Dose 436 Rem 63 Rem 191 Rem 

^Evacuation within 
of 1300 m. 

15 minutes is only considered possible within the site. Thus, calculations for this release model were not obtained at a distance 

The total dose at 225 m, is 436 Rem. This is higher than the 
l imit of 300 Renn; ho-wever, the dose calculated he re r e p r e s e n t s a conserv­
ative es t imate of the hazard . 

d. Doses Received for a Limited Time of Exposure 

The model for the r e l ease of gaseous fission products d iscussed 
in Section a included the assumption that the receptor remained in a fixed 
position downwind from the stack until all effluent had passed by. Thus, 
holdup tirae for the fission product p r e c u r s o r s in the par t icula te fi l ters 
was not considered. In o rder to calculate the radioiodine dose received for 
a l imited t ime of exposure (evacuation from the immediate a r ea is now a s ­
sumed possible) , p r e c u r s o r holdup t imes in the f i l ters were p rog rammed 
into the computational procedure of Section a. For each t ime in terval , the 
number of p r e c u r s o r atoms entering the filter from the cell and the number 
leaving the filter as radioiodine gas due to decay was computed. 

As an example, consider the I fission chain: 

''^Sb(48.0 s) -^ ' '^Te(42.0 m) ^ ^^^1(53.0 m). 

Using quantities defined in Section a, the calculation proceeds as follows: 

1. At the end of the f i rs t t ime interval t j , the number of atoms 
in the ^̂ "̂ I chain r e l eased from the cell i s : 

Fi[^^^Sb(ti) + ̂ ^^Te(ti) + i^^l(ti)]. 

The number remaining in the cell is 

2. The number of ^̂ "̂ I atoms re l eased from the stack is 

F iP^Kt i + T i ) ] . 
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3. The number of ^̂ Î p r e c u r s o r s r e l ea sed to the filter is 

Fi[^^*Sb(t, + Tl) + ^^^Te(ti -H Tl)] . 

4. At the end of the second t ime in terval tz, the number of 
atoms in the I chain r e l e a s e d from the cell is 

Fz[l - Fi][i34sb(t2) + ̂ ^^Te,(t2) + ''hit,)]. 

The number remaining in the cell is 

[1 - F2][l - Fi][i^^Sb(t2) + "^Te(t ,) + i^^Kt^)]. 

5. The number of ^̂ "̂ I a toms r e l eased from the stack is 

F2[l - Fi]['^*l(t2-I-T2)] + P2[number of p r e c u r s o r a toms in the filter during tz] 

where P2 is the fraction of the p r e c u r s o r s decaying to ^ 1 during t2. 

The total number of ^̂ "̂ I a toms r e l ea sed f rom the stack during 
the f i rs t fifteen minutes of the accident is given by 

15 m m 
1 F: 

1 - 1 
134 I(ti + Ti) + P i 

number of p r e c u r s o r atoms 
in the filter during tĵ  

The resu l t s of these calculations and the radioiodine dose r e ­
ceived during 15 minutes after the s t a r t of the accident a r e sho-wn in 
Table A-12. The dose f rom all iodine isotopes is 191 Rem. 

Considering holdup t imes in the f i l ters for noble gas p r e c u r ­
so r s w^ould not dec rease the ex terna l dose appreciably since the p r e c u r s o r s 
have shor t half- l ives compared to the 15 minute exposure in terval (essential ly 
all the Kr and ^^Xe is r e l ea sed f rom the stack -within 15 minutes) . 

e. Doses Received for a Noninstantaneous Fuel F i r e 

The model for the r e l ea se of gaseous fission products d i scussed 
in Section a included the assumpt ion that the fission products a r e r e l ea sed 
to the cell instantly at 13 seconds (time at which molten fuel is f i rs t a s sumed 
to be exposed to a i r and burning s t a r t s ) . This assumpt ion is equivalent to 
descr ibing the burning of fuel and subsequent r e l ea se of fission products as 
resul t ing f rom an instantaneous fuel f i re . If this assumpt ion is re laxed in 
favor of a continuous burning r a t e , the doses rece ived from fission product 
gases a r e considerably dec reased . 



In add i t ion to p r e c u r s o r ho ldup t i m e s in the f i l t e r s ( d e s c r i b e d 
in Sec t ion d) a u n i f o r m b u r n i n g r a t e for a p e r i o d of one hou r w a s p r o ­
g r a m m e d into the c o m p u t a t i o n a l p r o c e d u r e of Sec t ion a. Using the ^''Kr 
cha in as an e x a m p l e and the q u a n t i t i e s d e s c r i b e d in Sec t ion a, the a m o u n t 
of ^''Kr cha in r e l e a s e d to the ce l l by the f i r e dur ing t i m e i n t e r v a l At:: is 
g iven by 

[At j /3600] X [«9Se(tj) + «^Br(t j )+«9Kr(t j )] . 

The a m o u n t of K r cha in a v a i l a b l e for r e l e a s e f r o m the ce l l du r ing t; is 
now g iven by 

J - i 

2 Ati/3600 n [1-Fk] 
_k=i 1 = 1 

89c Se(tj) + «^Br(tj)-f«9Kr(tj) 

F o r e a c h t i m e i n t e r v a l , the p r e c u r s o r and gas a t o m i n v e n t o r y w a s c o m p u t e d 
for a t o m s in the ce l l and f i l t e r s , and a t o m s r e l e a s e d f r o m the s t a c k . The 
c a l c u l a t i o n a l p r o c e d u r e is e s s e n t i a l l y the s a m e as d e s c r i b e d in Sec t ion d. 
The t o t a l noble gas and r a d i o i o d i n e gas a t o m s r e l e a s e d f r o m the s t a c k 
du r ing the 15 m i n u t e s a f t e r the s t a r t of the a c c i d e n t a r e g iven in T a b l e s A - 1 3 
and A - 1 4 a long wi th d o s e s for e a c h i s o t o p e . 

T a b l e A - 1 3 

E X T E R N A L DOSE F R O M N O B L E GASES FOR A ONE HOUR F U E L 
BURNING R A T E AND 15 m i n E X P O S U R E T I M E 
( R E C E P T O R AT 225 m DOWNWIND O F STACK) 

N u m b e r of A t o m s R e l e a s e d f r o m 
I so tope S tack du r ing 15 m i n jD(v, D o s e , R e m 

Kr 

^Kr 

89 

' K r 

«Kr 

K r 

"Kr 

^Kr 

'Xe 

' X e 

^Xe 

X e 

I I 

1.36 X 10'5 

1.11 X 10'' ' 

2.19 X 1 0 " 

3.13 X IQi ' 

7.88 X 1 0 ' ' 

7.60 X 10'^ 

1.07 X 1 0 ' ' 

2.96 X 10'^ 

6.43 X 10'^ 

1.25 X 10'' ' 

2.62 X 10'' ' 

7.92 X 10'^ 

1.40 X 10'^ 

4,51 X 10" = 

5,60 X 10 '^ 

1,45 X I Q - ' 

3,40 X 10"^ 

8,10 X 1 0 " ' 

7,20 X 10 '^ 

7,70 X 1 0 ' ' 

6,50 X 1 0 " ' 

1,97 X 10-* 

1,06 X 10° 

5,80 X 1 0 " ' 

1,80 X 10"^ 

2,24 X 10'= 

T o t a l Dose 2,7 R e m 
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Table A-14 

RADIOIODINE DOSE FOR A ONE HOUR F U E L BURNING 
RATE AND 15 min EXPOSURE TIME 

(RECEPTOR AT 225 m DOWNWIND OF STACK) 

Number of A toms R e l e a s e d f rom 
Isotope Stack dur ing 15 min Dose , R e m , to Thyro id 

"^I 1.99 X 10^^ 

^^ Î 1.51 x 10^^ 

^^ Î 2.92 X 1 0 " 

' '^I 2 . 7 9 x 1 0 " 

^^ Î 4.94 x 1 0 " 

0 

0 

7 

10 

13 

22 

48 

67 

92 

23 

Tota l Dose 32.5 R e m 

The e x t e r n a l ^ dose f r o m the noble gas a t o m s i s 2.7 R e m . 
The dose -would no t i n c r e a s e s ign i f i can t ly for e x p o s u r e t i m e s g r e a t e r than 
15 m i n u t e s s i n c e a l m o s t a l l of the ^^Kr and ^^Xe cha ins have d e c a y e d du r ing 
the f i r s t 15 m i n u t e s following the a c c i d e n t . The r a d i o i o d i n e dose to the 
t h y r o i d is now 32.5 R e m , a f a c t o r of 10 below the a c c i d e n t l i m i t . 
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A P P E N D I X B 

Sand F i l t e r Ef f i c iency T e s t s 

A e r o s o l f i l t r a t i o n t e s t s have b e e n c a r r i e d out on a t e s t c o l u m n a s 
shown i n F i g . B - 1 loaded wi th 30 in. of 20 to 5 0 - m e s h Idaho s a n d , 21 in . of 4 to 
l 6 - m e s h a g g r e g a t e , and c o m p l e t i o n of the n o m i n a l 15-ft dep th wi th l a r g e r 
a g g r e g a t e . 

Fig. B-1 
Sand Filter Test Column 



1. F l u o r e s c e i n A e r o s o l P e n e t r a t i o n s T e s t s 

Load ing No. 1 of B a t c h No. 2 of Idaho s a n d w a s r e c e i v e d A u g u s t 4 , 
1967. C o n n e c t i c u t 4 to l 6 - m e s h m a t e r i a l w a s u s e d . P r e s s u r e v e r s u s flow 
t e s t s for th i s loading ind ica t e 1210 c f m / p s i p e r 12-ft d i a m e t e r s a n d f i l t e r . 

F l u o r e s c e i n a e r o s o l w a s g e n e r a t e d f r o m a 0.5% so lu t ion of 
f l u o r e s c e i n - f r e e a c i d in e t h a n o l . A s t a n d a r d c o l l i s i o n a t o m i z e r n o z z l e a t 
a g e n e r a t i n g p r e s s u r e of 30 ps ig fol lowed by an i m p a c t o r wi th five i m p a c t i o n 
h o l e s , e a c h 1.5 m m in d i a m e t e r , w^as u s e d . T h i s p r o v i d e d a so l id s u b m i c r o n -
s i z e t e s t a e r o s o l -with a l ower d e t e c t i o n l i m i t by f l u o r e s c e n c e a n a l y s i s of 
about 0.0001 jUg. E l e c t r o n m i c r o s c o p e p h o t o g r a p h s of the a e r o s o l v /e re a l s o 
m a d e . The r a t e of input of f l u o r e s c e i n a e r o s o l a t the u p s t r e a m s a m p l i n g 
po in t v a r i e d (w^ith two e x c e p t i o n s ) wi th in a f ac to r of two of 700 jUg/min. 
S a m p l e s w e r e d r a w n s i m u l t a n e o u s l y f r o m u p s t r e a m and d o w n s t r e a m s a m ­
pling po in t s us ing Type AA m e m b r a n e f i l t e r s in d i s p o s a b l e p l a s t i c h o l d e r s . 
S a m p l e s of u p s t r e a m a e r o s o l w e r e ob ta ined by e l e c t r o s t a t i c p r e c i p i t a t i o n 
for e l e c t r o n m i c r o s c o p e o b s e r v a t i o n s and p h o t o g r a p h s . 

The r e s u l t s of t h e s e t e s t s a r e as shown in T a b l e B - 1 and p lo t t ed in 
F i g . B - 2 . 

In t h e s e t e s t s the s a n d f i l t e r i n i t i a l l y showed p e n e t r a t i o n of 0 .0024, 
0 .0039, and 0.0014%. H o w e v e r , a f t e r m o r e and m o r e t e s t s w e r e r u n , ending 
up wi th a to ta l of t w e n t y - t w o t e s t s , the p e n e t r a t i o n of th i s a e r o s o l at a n o i n i -
na l v e l o c i t y of 1 fpm d e c r e a s e d to a s low as 0.000052%. The p e n e t r a t i o n a t 
h i g h e r v e l o c i t i e s goes up to 0 . 1 % . The s a n d f i l t e r shou ld show a p e n e t r a t i o n 
of l e s s than 0.01% for t h i s a e r o s o l a t t e s t v e l o c i t i e s of 1 o r 10 fpm. 

C o n t r o l r u n s a t 1 and 10 fpm showed n e g a t i v e o r i n s ign i f i can t a m o u n t s 
of f l u o r e s c e i n a s com.pared to s a m p l e s t aken du r ing t e s t r u n s . A p r o b l e m 

Table B-I 

RESULTS OF FLUORESCEIN AEROSOL TESTS 
(Loading No, 1, Batch No. 2, Idaho Sand) 

T e s t N o . ^ 

I 

2 

5 

7 

8 

10 

11 

12 

13 

C o l u m n V e l o c i t y , 
f p m 

0.855 
0 .912 

1.03 
19.8 

2 . 0 

103.2 
5.07 
40 .4 
11.2 

P e r c e n t 
P e n e t r a t i o n 

2.4 X 

3.9 X 
1.37 X 
1.08 X 
9.18 X 
1,04 X 
1.38 X 
5.08 X 
2.6 X 

10-^ 
10-3 
10-3 
10-^ 
10-5 
10-1 
10-* 
10-^ 
10-3 

T e s t N o . ^ 

14 

15 

16 

17 

18 

19 
20 

21 

C o l u m n V e l o c i t y , 
f p m 

62.0 
148,0 

1.02 
1.025 

2.02 
191.5 
1,025 

0,52 

P e r c e n t 
P e n e t r a t i o n 

5.43 X 10-2 
6 .32 X 10-2 
1.64 X 10-* 
2.12 X 10-* 
2.17 X 10-5 
9.39 X 10-2 
5.19 X 10-5 
4 ,05 X 10-5 

^Tests 6 and 9 were void because of sample filter missing and leal^age, respect ively. Results of 
Tests Nos. 3, 4A, and 4B are omitted since they were run with a different experimental 
generator nozzle. 
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w h i c h w a s e n c o u n t e r e d w a s p a r t i a l c logging of the o r i f i c e s in the co l l i s i on 
a t o m i z e r n o z z l e , p r o b a b l y due to d ry ing of f l u o r e s c e i n so lu t ion which 
s p l a s h e d up into the o r i f i c e . T h i s r e s u l t e d in a l o w e r to ta l output of 
a e r o s o l but wi th l a r g e r p a r t i c l e s p a s s i n g t h r o u g h the i m p a c t o r s i n c e the 
i m p a c t i o n v e l o c i t y is l o w e r e d . T h i s p r o b l e m m a y be m i n i m i z e d by f r e q u e n t 
check ing of the flow r a t e and by c l ean ing the o r i f i c e s . 

2. U r a n i u m A e r o s o l P e n e t r a t i o n T e s t s 

Load ing No . 2 of B a t c h 2 of Idaho s a n d -was r e c e i v e d A u g u s t 4 , 1967. 
E a u C l a i r e 4 to l 6 - m e s h m a t e r i a l w a s u s e d . P r e s s u r e v e r s u s flo\v t e s t s 
for th i s loading i n d i c a t e d 1590 c f m / p s i p e r 12-ft d i a m e t e r s a n d f i l t e r . 

U r a n i u m t u r n i n g s w e r e b u r n e d to p r o d u c e the t e s t a e r o s o l . The 
t u r n i n g s w e r e l oaded into a h o l d e r con ta in ing a N i c h r o m e w i r e coi l for r e ­
m o t e igni t ion by e l e c t r i c a l hea t ing of the w i r e . T h i s h o l d e r w a s p l a c e d 
i n s i d e a s t e e l c h a m b e r and a g a s k e t e d c o v e r w a s b o l t e d in p l a c e to f o r m a 
l e a k - t i g h t in le t a i r s y s t e m for the t e s t c o l u m n . Aga in , in t h e s e t e s t s , 
s i m u l t a n e o u s s a m p l e s of the u p s t r e a m and d o w n s t r e a m a i r w e r e d r a w n 
t h r o u g h Type AA m e m b r a n e f i l t e r s . T h e a n a l y s i s of the u r a n i u m s a m p l e s 
w a s by the s t a n d a r d f l u o r o m e t r i c t e c h n i q u e •with the lo^wer conf idence l i m i t 
of 0.02 jig of u r a n i u m . A l s o , s a m p l e s of u p s t r e a m u r a n i u m a e r o s o l w e r e 
o b t a i n e d for c h a r a c t e r i z a t i o n of the a e r o s o l us ing the e l e c t r o n m i c r o s c o p e . 
A few t e s t s wi th f l u o r e s c e i n a e r o s o l w e r e a l s o r u n on th i s c o l u m n for 
c o m p a r i s o n to r e s u l t s f r o m the p r e v i o u s l oad ing . 

The r e s u l t s of the u r a n i u m a e r o s o l t e s t s a r e shown in T a b l e B - 2 and 
p lo t t ed in F i g . B - 3 . 

T h i s c o l u m n loading h a s m o r e a i r flow than the p r e v i o u s loading and 
is -was a n t i c i p a t e d tha t i t m i g h t t h e r e f o r e allo^w r e l a t i v e l y m o r e a e r o s o l 
p e n e t r a t i o n . T h e h i g h e s t r e s u l t s of any t e s t r un w a s 1.77 x 10" % at 
149 fpm. A n o t h e r r un a t n e a r l y the s a m e v e l o c i t y , 152 fpm, gave 3.50 x 
10"^% p e n e t r a t i o n . It is c o n c l u d e d tha t the s a n d f i l t e r shou ld p r o v i d e a 

Table B-2 

RESULTS OF URANIUM AEROSOL TESTS 
(Loading No. 2, Batch No, 2, Idaho Sand) 

Run No. 

2 5 

26 

27 
2 8 

29 
3 0 

3 2 

3 3 

3 4 

V e l o c i t y , 
f p m 

1.01 
0 495 
0.239 
4 875 

20.7 
2.03 

20.5 
4.875 

11.31 

U r a n i u m 
T u r n i n g s , g 

22.6 
26.7 
21 8 
33 7 
34.6 
51.79 
80.30 
69.95 
95 .04 

P e r c e n t 
P e n e t r a t i o n 

1.36 X 10-2 
1.08 X 10-2 

<1 64 X 10-2 
< 4 . 5 X 10-2 
< 2 . 0 2 
<7 .27 X 10-5 
< 3 . 5 X 1 0 - ' 

6.05 X 10-3 
7 04 X 10-3 

Run No 

35 

3 6 

37 
3 8 

39 
4 0 

4 2 

4 3 

4 9 

V e l o c i t y , 
f p m 

108.8 
20.35 
60,0 
39.2 

152.0 
200,0 
110.0 

1.01 
149.0 

U r a n i u m 
T u r n i n g s , g 

120,84 
258.73 
228,30 
488.89 
504.79 
587.21 
539.98 
501.65 
398.66 

P e r c e n t 
P e n e t r a t i o n 

1.18 X 1 0 - ' 
2,64 X 10-2 
1,20 X 1 0 - ' 
1,825 X 10-2 
3.50 X 10-2 
4 .48 X 10-2 
2.94 X 10-2 
1.26 X 10-2 
1.77 X 1 0 - ' 
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d e c o n t a m i n a t i o n f a c t o r of 10^ o r g r e a t e r for th is a e r o s o l wh ich had been 
shown in p r e v i o u s t e s t i n g to give r e s u l t s s i m i l a r to t hose ob t a ined by t e s t s 
wi th p l a s m a t o r c h g e n e r a t i o n of p l u t o n i u m a e r o s o l . The h igh flow r a t e s 
w e r e s u s t a i n e d r e l a t i v e l y m u c h l o n g e r du r ing t e s t i n g than they could be 
du r ing a r e a c t o r c e l l a c c i d e n t even wi th c o m p l e t e d i s c h a r g e of the ce l l 
a t m o s p h e r e . A n u m b e r of c o n t r o l r u n s w^ere m a d e w h i c h i n d i c a t e d no s i g ­
n i f i can t i n t e f e r e n c e wi th t e s t s a t the low v e l o c i t i e s . H o w e v e r , a f t e r the 
s e r i e s of high ve loc i t y t e s t s , a h igh v e l o c i t y c o n t r o l r u n s h o w e d r e s u l t s 
s i m i l a r to an a c t u a l r u n . T h i s w^as due to the c o n t r o l r un be ing c a r r i e d out 
wi th u r a n i u m oxide p o w d e r s t i l l in the b u r n c h a m b e r wi th a i r t u r b u l e n c e 
g e n e r a t i o n of d u s t . On s u b s e q u e n t h igh ve loc i t y c o n t r o l r u n s a f t e r c l ean ing 
the b u r n c h a m b e r , t h e r e w a s s t i l l an a p p r e c i a b l e a m o u n t of u r a n i u m r e s u s -
p e n d e d in to the a i r s t r e a m f r o m m a t e r i a l d e p o s i t e d on i n t e r i o r s u r f a c e s in 
p r e v i o u s r u n s . 

The w e i g h t of s a n d and a g g r e g a t e above the b o t t o m of the s a n d is 
abou t 105 pcf a v e r a g e (7.5 ft by 0.492 ft^) and is 388 lb . The p r e s s u r e 
v e r s u s flow t e s t s for th i s c o l u m n i n d i c a t e d a flow of about 14 f p m / p s i g w i t h 
m o s t of the p r e s s u r e d r o p o c c u r r i n g in the s a n d . At a flow r a t e of about 
150 fpm, the lifting p r e s s u r e a t the b o t t o m of the s a n d wi l l be about the 
s a m e as the v^eight of the m a t e r i a l above the b o t t o m of the s a n d . In the 
2 0 0 - f p m t e s t s o m e f lu id i za t ion m a y o c c u r to the e x t e n t p e r m i t t e d by the 
s c r e e n and t i g h t n e s s of pack ing of m a t e r i a l in the c o l u m n . 

R e s u l t s p lo t t ed in F i g . B - 3 , shou ld be i n t e r p r e t e d as be ing t e s t s 
w i th d i f fe ren t a e r o s o l s i z e c o m p o s i t i o n and wi th i n c r e a s i n g a m o u n t s of 
a e r o s o l p a r t i c l e s in the c o l u m n a s the t e s t s p r o g r e s s e d . F o r th i s r e a s o n 
the ind iv idua l t e s t s r e s u l t s a r e p lo t t ed w^ithout drav/ ing a c u r v e of p e n e t r a ­
t ion v e r s u s v e l o c i t y . 

F l u o r e s c e i n a e r o s o l p e n e t r a t i o n t e s t s for c o m p a r i s o n p u r p o s e s 
w e r e a s shown in T a b l e B - 3 . 

Table B-3 

RESULTS OF FLUORESCEIN AEROSOL PENETRATION TESTS 
(Loading No. 2, Batch No. 2, Idaho Sand) 

Run No. 

23 
24 
53 

Velocity, 

1.01 
1.01 
1.00 

fpm P e r c e n t Penet ra t ion 

3.61 X 10-5 
2.38 X 10-5 
3.74 X 10-2 

Run No. 

56A 
56B 

Velocity, 

1.03 
1.03 

fpm Percen t Penet ra t ion 

2.015 X 10-* 
1.81 X 10-* 

The r e a s o n v/hy the p e n e t r a t i o n r e s u l t s in Runs No. 23 and 24 w^ere 
m u c h lov/er than for the p r e v i o u s c o l u m n loading and l o w e r than r e s u l t s 
f r o m t e s t Run No. 56 at the end of the t e s t s e r i e s is not known. 
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