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A KINETIC M O D E L O F S O D I U M - W A T E R REACTION 
A P P L I E D TO DYNAMIC SIMULATION OF LEAK D E T E C T I O N 

IN THE CORE C O M P O N E N T S TEST L O O P 

by 

D. S a p h i e r 

A B S T R A C T 

A d e t a i l e d m o d e l for the C C T L s t e a m - g e n e r a t o r l e a k -
d e t e c t i o n s i m u l a t i o n w a s deve loped to p r e d i c t the h y d r o g e n -
and o x y g e n - d e t e c t o r r e s p o n s e d u r i n g a s e r i e s of e x p e r i m e n t s 
to be p e r f o r m e d a t A N L . The d e t a i l e d k ine t i c equa t ions for the 
s o d i u m - w a t e r i n t e r a c t i o n a r e g iven , a s we l l a s the a s s u m p t i o n s 
m a d e in a s s e s s i n g the v a r i o u s r e a c t i v i t y r a t e s and h y d r o g e n -
gas m i g r a t i o n in the s o d i u m t o w a r d a f r ee s u r f a c e in con tac t 
w i th the c o v e r g a s . A d y n a m i c m o d e l w a s deve loped d e s c r i b i n g 
c o n c e n t r a t i o n c h a n g e s a s a r e s u l t of p r i m a r y and s e c o n d a r y 
s o d i u m r e a c t i o n s , s o d i u m flow t h r o u g h the s y s t e m pip ing , m i x 
ing p r o c e s s e s in v a r i o u s p l e n u m e l e m e n t s , c o l d - t r a p o p e r a t i o n , 
c o v e r - g a s p r e s s u r e c h a n g e s , and w a t e r l e a k s . A c o m p u t e r p r o 
g r a m C C T L - D Y S P h a s b e e n w r i t t e n in wh ich the d y n a m i c m o d e l 
w a s s i m u l a t e d to ob ta in the c o n c e n t r a t i o n of t h e d i f fe ren t r e a c -
t i o n p r o d u c t s as func t ions of t i m e for any s e g m e n t of the C C T L 
s y s t e m . A g e n e r a l i z e d a p p r o a c h w a s u s e d in the m o d e l i n g and 
p r o g r a m m i n g p r o c e d u r e s , so tha t only the input da t a h a v e to be 
changed in o r d e r to a n a l y z e d i f f e r en t e x p e r i m e n t s and d i f fe ren t 
s y s t e m c o n f i g u r a t i o n s . Wi th m i n o r c h a n g e s , the c o m p u t e r p r o 
g r a m can be adap ted to s i m u l a t e l e a k d e t e c t i o n in the CRBR. 
S o m e r e p r e s e n t a t i v e r e s u l t s a r e inc luded in the r e p o r t , and 
q u a l i t a t i v e l y t hey a r e in a g r e e m e n t wi th s i m i l a r r e s u l t s p u b 
l i s h e d e l s e v / h e r e . S o m e e x p e r i m e n t a l r e s u l t s a l s o b e c a m e 
a v a i l a b l e r e c e n t l y , and they a r e in good a g r e e m e n t wi th the 
s i m u l a t e d c o n c e n t r a t i o n s . 

I. INTRODUCTION 

T h e h a z a r d to L M F B R s t e a m g e n e r a t o r s f r o m s m a l l w a t e r l e a k s h a s 
long b e e n r e c o g n i z e d and h a s b e e n t h e sub j ec t of s e v e r a l t h e o r e t i c a l and e x 
p e r i m e n t a l s t u d i e s . ' " ^ L a r g e w a t e r l e a k s in a s u p e r h e a t e r o r e v a p o r a t o r wi l l 
l ead to a s p o n t a n e o u s v i o l e n t r e a c t i o n and to s u b s e q u e n t p a r t i a l o r c o m p l e t e 
d e s t r u c t i o n of the s t e a m g e n e r a t o r . S m a l l l e a k s , if p e r m i t t e d to con t inue during 
a p e r i o d suf f i c ien t ly long , wi l l p r o d u c e c o r r o s i v e agen t s tha t c a u s e d e s t r u c t i v e 



w a s t a g e of the s t e a m - g e n e r a t o r tub ing and f inal ly r e s u l t in " s e c o n d a r y " l a r g e 
l e a k s wi th e x t e n s i v e d a m a g e . It i s , t h e r e f o r e , of u t m o s t i m p o r t a n c e to d e t e c t 
t he s m a l l l e a k s and t h e i r l o c a t i o n so tha t the p lan t can be shu t down b e f o r e 
s i gn i f i can t d a m a g e o c c u r s . 

A c c o r d i n g l y , an e x p e r i m e n t a l l e a k - d e t e c t i o n p r o g r a m is u n d e r w a y in 
the A r g o n n e C o r e C o m p o n e n t s T e s t Loop (CCTL) to e v a l u a t e m e t h o d s for 
s m a l l - l e a k d e t e c t i o n . T h e p u r p o s e of th i s e x p e r i m e n t a l p r o g r a m is to e v a l u 
a t e the m o s t eff ic ient m e a n s for d e t e c t i n g w a t e r - t o - s o d i u m l e a k s in t h e r a n g e 
of 10~ -10"^ l b / s e c and to g a t h e r enough e x p e r i m e n t a l da ta on the l e a k - d e t e c t i o n 
m e t h o d s so tha t they can be app l ied to the C l inch R i v e r B r e e d e r R e a c t o r 
( C R B R ) . A s e r i e s of e x p e r i m e n t s , a s d e s c r i b e d in Ref, 1, to s i m u l a t e w a t e r 
l e a k s in the C R B R h e a t e x c h a n g e r s wi l l be p e r f o r m e d . T h e s e e x p e r i m e n t s 
wi l l be c a r r i e d out u n d e r d i f f e ren t flow r a t e s , s o d i u m t e m p e r a t u r e s , l e a k r a t e s , 
and l e a k p o s i t i o n s . 

T h e p u r p o s e of the p r e s e n t s tudy is to deve lop a m a t h e m a t i c a l m o d e l 
for the C C T L l e a k - d e t e c t i o n e x p e r i m e n t , and to se t up a s ingula t ion p r o g r a m 
c a p a b l e of so lv ing the m o d e l equa t i ons in o r d e r t h a t the l e a k - d e t e c t o r r e s p o n s e 
c a n be p r e d i c t e d wi th r e a s o n a b l e a c c u r a c y . The m o d e l i n g and the p r o g r a m a r e 
s e t up in a g e n e r a l w^ay so tha t t h e C C T L e x p e r i m e n t is a p a r t i c u l a r c a s e . The 
c o m p u t e r p r o g r a m is m o d u l a r and wi th m i n o r c h a n g e s can be app l ied to the 
s i m u l a t i o n of o t h e r s y s t e m s h a v i n g w^ater l e a k s into a s o d i u m loop . 

S e v e r a l i n v e s t i g a t o r s ' ' ' ' h a v e f o r m u l a t e d g e n e r a l r e l a t i o n s h i p s 
b e t w e e n the s i z e of the w a t e r l e a k and the quan t i ty of h y d r o g e n to be found in 
s o d i u m a f t e r s t e a d y - s t a t e cond i t ions a r e e s t a b l i s h e d . How^ever, t h e s e r e l a 
t i o n s h i p s a r e u s u a l l y s y s t e m - d e p e n d e n t . In c o n t r a s t , the m a t h e m a t i c a l m o d e l 
for the C C T L l e a k - d e t e c t i o n e x p e r i m e n t w a s deve loped f r o m b a s i c p r i n c i p l e s 
of c o n s e r v a t i o n and the k i n e t i c e q u a t i o n s of the c h e m i c a l r e a c t i o n s . W h e r e 
c e r t a i n b a s i c p a r a r a e t e r s , s u c h as r e a c t i o n r a t e s and h y d r o g e n - g a s d i s e n g a g e 
m e n t r a t e s , w e r e not we l l known, r e a s o n a b l e a s s u n a p t i o n s w e r e i n t r o d u c e d . 
T h e s e a s s u m p t i o n s can l a t e r be checked and i m p r o v e d by a p p r o p r i a t e e x p e r i 
m e n t s . Wi th t h i s a p p r o a c h , t h e s i m u l a t i o n p r o g r a m is r e n d e r e d s y s t e m -
independen t and can e a s i l y be expanded to s i m u l a t e l e a k d e t e c t i o n in the 
C R B R P o r o t h e r s o d i u m s y s t e m s . 

II . THE C C T L L E A K - D E T E C T I O N E X P E R I M E N T A L S E T U P 

T h e C o r e C o m p o n e n t s T e s t Loop ( C C T L ) a s w e l l a s the l e a k - d e t e c t i o n 
e x p e r i m e n t a l p r o g r a m a r e d e s c r i b e d in Ref. 1. B r i e f l y , t he C C T L is a l a r g e 
i s o t h e r m a l s o d i u m loop , as is shown s c h e m a t i c a l l y in F i g . 1. The s o d i u m is 
c i r c u l a t e d t h r o u g h the m a i n loop by a m e c h a n i c a l p u m p hav ing a c a p a c i t y of 
800 gpm. The m a j o r c o m p o n e n t is a l a r g e s o d i u m tank wi th in which a s i m u 
l a t e d m o d u l e of an C R B R P s t e a m g e n e r a t o r is p l a c e d . The w a t e r and s t e a m 
p i p e s a r e s i m u l a t e d by sol id s t a i n l e s s s t e e l r ods of the s a m e d i a m e t e r as the 
a c t u a l p i p e . W a t e r l e a k s a r e s inau la ted by s t e a m in j ec t i ons m a d e d i r e c t l y 
in to the m o d u l e . 
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Fig. 1. Schematic Description of CCTL Loop 

A t s e v e r a l p o i n t s i n t h e s y s t e m , s a m p l e l i n e s d i r e c t a s m a l l f r a c t i o n 
of t h e f low t o v a r i o u s t y p e s of h y d r o g e n a n d o x y g e n d e t e c t o r s . A m o n g o t h e r s , 

i n - s o d i u m h y d r o g e n - d i f f u s i o n , c o v e r - g a s 
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Fig. 2. CCTL Schematics for Simulation Program 

A s c h e m a t i c d i a g r a m of t h e 
C C T L l e a k - d e t e c t i o n e x p e r i m e n t , p r e 
s e n t i n g f e a t u r e s of i m p o r t a n c e t o t h e 
m a t h e m a t i c a l m o d e l i n g , i s s h o w n in 
F i g . 2 . T h e C C T L s y s t e m i s d i v i d e d 
i n t o s e g m e n t s , e a c h b e i n g c o n s i d e r e d 
a s a l u m p e d - p a r a m e t e r n o d e . T w o b a s i c 
t y p e s of s e g m e n t s a r e u s e d : ( l ) a m i x i n g 
p l e n u m , i n w h i c h i d e a l m i x i n g i s a s s u m e d ; 
a n d (2) p i p e s i n w h i c h a p u r e d e l a y a n d 
s e c o n d a r y r e a c t i o n s a r e a s s u m e d . 

T h e s t e a m - g e n e r a t o r s e g m e n t s , 

n o d e s 6 - 2 2 , a r e m i x i n g - p l e n u m s e g m e n t s 



e a c h hav ing two baffle p l a t e s as a p h y s i c a l b o u n d a r y . T h e flow b e t w e e n the 
s e g m e n t s is f o r ced a r o u n d the s i m u l a t e d t u b e s and the p e r i p h e r y of the baffle 
p l a t e so tha t t h e t o t a l m i x i n g is a good a s s u m p t i o n for t h e s e s e g m e n t s . S t e a m 
in jec t ion po in t s a r e d e s i g n a t e d as 11-18. 

N o d e s 2 5 - 2 7 a r e the C C T L v e s s e l s e g m e n t s and con ta in l a r g e v o l u m e s 
of s o d i u m . Node 1 (the pump) and node 27 (the u p p e r v e s s e l s ec t i on ) a r e in 
c o n t a c t w i th the c o v e r g a s , and h y d r o g e n can l e a v e s o d i u m t h r o u g h t h e s e 
s e g m e n t s . 

Node 42 is t he cold t r a p w h e r e h y d r o g e n and oxygen a r e r e m o v e d f r o m 
the s y s t e m by coo l ing and p r e c i p i t a t i o n . 

In F i g . 2, d e t e c t o r s a r e connec t ed to nodes 6, 23 , and 25 , and the c o v e r -
gas p l e n u m ; the o t h e r nodes d e p i c t e d a r e p ipe n o d e s . 

T h e t o t a l flow t h r o u g h the s y s t e m as it l e a v e s the puinp is d e s i g n a t e d 
as WS; c o n s t a n t flow is a s s u m e d . T h e r e is a s m a l l s o d i u m b y p a s s flow WEX 
f r o m node 3 to node 22. F low f r o m node 7 to node 6 is equa l to b y p a s s f l o w W T l 
to t h e d e t e c t o r s c o n n e c t e d to p ipe node 49 . O t h e r flows l e a v i n g the m a i n flow 
a r e W T 3 and W T 4 , d e t e c t o r f lows , and W O T , the c o l d - t r a p flow. All b y p a s s 
flows to the d e t e c t o r s r e t u r n to t h e s y s t e m t h r o u g h u p p e r s o d i u m node 27 in 
the C C T L v e s s e l . In the v e r s i o n of the p r o g r a m given in Append ix C, up to 
50 s e g m e n t s hav ing s o d i u m flow and s o d i u m - w a t e r r e a c t i o n s can be s i m u l a t e d . 

T h e C C T L D Y n a m i c S i m u l a t i o n P r o g r a m ( C C T L - D Y S P ) is b a s e d on the 
above s c h e m a t i c d e s c r i p t i o n of the s y s t e m . The c o m p u t e r code is d e s c r i b e d 
in A p p e n d i x B . In t h e p r o g r a m , a m a s s and c o n c e n t r a t i o n b a l a n c e for e a c h 
s e g m e n t shown in F i g . 2 is p e r f o r m e d , u s ing the k i n e t i c and the d y n a m i c e q u a 
t i ons deve loped in S e e s . I l l and IV. 

S i m u l a t i o n of s low t r a n s i e n t s m u s t inc lude the inf luence of cold t r a p p i n g 
on the h y d r o g e n and oxygen c o n c e n t r a t i o n in the s y s t e m . D e t a i l s on c o l d - t r a p 
d y n a m i c s a p p e a r in S e c . V. 

F i n a l l y , the d e t e c t o r r e s p o n s e is s i m u l a t e d by a c c o u n t i n g for the h y d r o 
gen and oxygen dif fusion t h r o u g h the d e t e c t o r s , and the a p p r o p r i a t e t i m e d e l a y s 
in t h e i n s t r u m e n t a t i o n p ip ing . 

III . T H E KINETICS O F S O D I U M - W A T E R I N T E R A C T I O N S 

A. T h e S o d i u m - W a t e r R e a c t i o n s 

When p h y s i c a l c o n t a c t is m a d e b e t w e e n s o d i u m and w a t e r , w i th an ex 
c e s s of w a t e r , a s p o n t a n e o u s v i o l e n t r e a c t i o n o c c u r s , p r o d u c i n g s o d i u m hy 
d r o x i d e and h y d r o g e n : 
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Na + H20-*NaOH + i H 2 ( g ) . ( l ) 

H o w e v e r , u n d e r s m a l l - l e a k cond i t i ons p r e v a i l i n g in s t e a m g e n e r a t o r s , the 
r a t i o of s o d i u m to w a t e r is of the o r d e r of 10 and add i t iona l r e a c t i o n s t a k e 
p l a c e : 

2Na + H 2 0 - N a O H + NaH; (2) 

4Na + H20 ' -2NaH + NazO; (3) 

2Na + H20->Na20 + H2. (4) 

The r e l a t i v e f r a c t i o n of w a t e r p a r t i c i p a t i n g in e a c h of t h e s e r e a c t i o n s is d e 
penden t on the quan t i ty of w a t e r i n t r o d u c e d by the l eak , the s o d i u m t e m p e r a 
t u r e , and the s o d i u m p r e s s u r e . H o w e v e r , no n u m e r i c a l v a l u e s w e r e r e p o r t e d 
in the l i t e r a t u r e as to the quan t i ty of w a t e r going into any of the four above 
r e a c t i o n s . 

T h e r e f o r e , in the p r e s e n t s tudy , it w a s a s s u m e d that the above r e a c 
t i o n s a r e i n s t a n t a n e o u s and the f r a c t i o n of w a t e r a s s o c i a t e d wi th e a c h r e a c t i o n 
is K l , K2, K 3 , and K4, r e s p e c t i v e l y , and tha t 

Ki + K2 + K3 + K4 = 1. (5) 

A c c o r d i n g l y , w h e n Q m o l e s of w a t e r l e a k in to s o d i u m , four r e a c t i o n p r o d u c t s 
a r e g e n e r a t e d w i th the fo l lowing d i s t r i b u t i o n : 

Q(0 .5 Kl + K4) m o l e s of H2; (6) 

Q(Ki + K2) m o l e s of NaOH; (7) 

Q(Ki + 2K3) m o l e s of NaH; (8) 

Q(K3 + K4) m o l e s of NazO. (9) 

T h e s e p r o d u c t s a r e p r e d o m i n a n t l y d i s s o l v e d and e n t r a i n e d by the r ap id t u r b u 
l e n t s o d i u m flow. H o w e v e r , a f r a c t i o n of the h y d r o g e n is e n t r a i n e d as bubb les 
r a t h e r t h a n d i s s o l v e d in the l iquid s o d i u m . T h e s e bubbles wi l l e i t h e r diffuse 
and d i s s o l v e in the fluid, o r e s c a p e in to the c o v e r g a s . 

S o m e of the p r o d u c t s f o r m e d in the p r i m a r y r e a c t i o n s a r e u n s t a b l e at 
t h e t e m p e r a t u r e s p r e v a i l i n g in a s t e a m g e n e r a t o r o r in the C C T L . The NaH 
and NaOH a r e d i s s o c i a t e d a c c o r d i n g to the e q u a t i o n s 

Na + N a O H - N a z O + ^H^ (lO) 
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and 

N a H ^ N a + i H 2 . ( l l ) 

T h u s , i t i s a p p a r e n t t h a t t he u l t i m a t e p r o d u c t s of the s o d i u m - w a t e r r e a c t i o n 
a r e p r e d o m i n a n t l y h y d r o g e n gas and s o d i u m ox ide , w h i c h can be d e t e c t e d by 
h y d r o g e n and oxygen m e t e r s . 

B . H y d r o g e n E q u i l i b r i u m C o n c e n t r a t i o n in S o d i u m 

In s y s t e m s u n d e r e q u i l i b r i u m c o n d i t i o n s , s o m e of the h y d r o g e n d i s 
so lved in s o d i u m e s c a p e s to the c o v e r gas and is found to have a p a r t i a l p r e s 
s u r e Ffx:' i n d e p e n d e n t of the c o v e r gas p r e s s u r e (usua l ly a r g o n ) . The e q u i l i b r i u m 
r e l a t i o n b e t w e e n the h y d r o g e n in the c o v e r gas and h y d r o g e n in s o d i u m ( e i t he r 
a s h y d r o g e n o r as NaH) i s g o v e r n e d by the S i e v e r t s ' law:^ 

C H = ^S^U' (12) 

w h e r e Cp^ is t he h y d r o g e n c o n c e n t r a t i o n in s o d i u m (in m o l / l b ) and Kg i s 
S i e v e r t s ' c o n s t a n t g iven by 

Kg = 2 .255 X 10-^ e x p ( l . 9 7 3 3 - 276 .77 /T j^ ) , ( l3 ) 

w h e r e Kg is in m o l / l b - T o r r , Tj^ is t he t e m p e r a t u r e in d e g r e e s Ke lv in , and 
Ppp is the h y d r o g e n p a r t i a l p r e s s u r e , in T o r r ( i . e . , m m Hg) . 

C . D e c o m p o s i t i o n R a t e of S o d i u m H y d r o x i d e 

In r e a c t i o n s 1 and 2, s o d i u m h y d r o x i d e (NaOH) is f o r m e d . T h i s p r o d 
uct is u n s t a b l e u n d e r n o r m a l r e a c t o r o p e r a t i n g cond i t ions and d e c o m p o s e s 
a c c o r d i n g to Eq . 10. In h i s e x p e r i m e n t s , wh ich involved h e a t i n g s o d i u m wi th 
NaOD* a t 500°C u n d e r v a c u u m , F i s c h e r ^ found tha t the r e a c t i o n is of t h e f i r s t 
o r d e r a c c o r d i n g to 

Rt = ^n[Co/(Co - C)] (14) 

w h e r e CQ is the i n i t i a l c o n c e n t r a t i o n , C is the c o n c e n t r a t i o n a t t i m e t, and R 
i s the r a t e c o n s t a n t . 

F r o m the l i n e a r p o r t i o n of the e x p e r i m e n t a l c u r v e , F i s c h e r * d e t e r m i n e d 
the r a t e c o n s t a n t to be 

R = 0 .0045 m i n - \ 

o r in o t h e r t e r m s , the ha l f - l i f e T1/2 of NaOH is 

•D denotes deuterium. 



T 1/2 = 1 50 m i n . 

T h e r e f o r e , KJ^^^QJ^ = 7.5 x 10"^ sec"^ w a s u sed in t h i s s tudy . 

T h e h y d r o x i d e d e c o m p o s i t i o n in s o d i u m h a s a l s o been t r e a t e d by s e v 
e r a l a u t h o r s , '^' ° but none gave the t e m p e r a t u r e d e p e n d e n c e of the r e a c t i o n 
r a t e . In the p r e s e n t s t udy , it w a s t h e r e f o r e a s s u m e d tha t t he r e a c t i o n r a t e is 
a c o n s t a n t . 

D. D i s s o c i a t i o n P r e s s u r e of S o d i u m H y d r i d e 

T h e p a r t i a l p r e s s u r e of h y d r o g e n o v e r NaH h a s been wel l e s t a b l i s h e d 
for a w ide r a n g e of t e m p e r a t u r e s ^ ' * ' ^ and is g iven by 

P d i s - exp(26 .71 - 1 4 0 4 6 / T K ) . (15) 

w h e r e P ĵĵ g i s the d i s s o c i a t i o n p r e s s u r e , in m m Hg, and Tj^ is t he t e m p e r a t u r e , 
in d e g r e e s Ke lv in . B a n u s et al.^^ h a v e shown tha t Eq . 15 is c o r r e c t , even in 
d i lu te s o d i u m s o l u t i o n s ; t h e r e f o r e the equa t ion w a s u sed in the p r e s e n t s tudy . 

E . H y d r o g e n A b s o r p t i o n by S o d i u m 

U n d e r vacuunj . cond i t i ons at e l e v a t e d t e m p e r a t u r e s , a l l t he s o d i u m h y 
d r i d e wi l l be d e c o m p o s e d . H o w e v e r , h y d r o g e n a l s o wi l l be a b s o r b e d by s o d i u m 
if i t i s a v a i l a b l e in s i gn i f i can t q u a n t i t i e s in a c o v e r - g a s p l e n u m o v e r the s o 
d i u m . E x p e r i m e n t s by Longton^ r e v e a l t h a t if h y d r o g e n is a d m i t t e d o v e r s o 
d i u m at a p r e s s u r e g r e a t e r t h a n the d i s s o c i a t i o n p r e s s u r e , s o d i u m h y d r i d e 
wi l l f o r m unt i l the p r e s s u r e d e c r e a s e s to a v a l u e equa l to the d i s s o c i a t i o n 
p r e s s u r e . The r a t e of a b s o r p t i o n in t e r m s of a p r e s s u r e change APj^ is g iven 
by a s i m p l e p a r a b o l i c l aw 

A P H = K ( P H - P d i s ) ' . (16) 

w h e r e P-^ is t he a c t u a l p r e s s u r e in the c o v e r g a s , P^jxg is t he d i s s o c i a t i o n 
p r e s s u r e , A i n d i c a t e s c h a n g e in the v a r i a b l e , and K is the r a t e cons t an t , wh ich 
i s t e m p e r a t u r e - d e p e n d e n t a c c o r d i n g to the A r r h e n i u s equa t ion 

K = A e x p ( - Q / R T ) . (17) 

F r o m t h e s e m i l o g a r i t h m i c p lo t s g iven by Longton,^ A and Q / R h a v e been d e 
t e r m i n e d to be 

A = 1.42 X 10'' s ec "^ and Q / R = 11795°K. 

No te , h o w e v e r , t h a t a t t h e t e m p e r a t u r e s of i n t e r e s t in the s t e a m g e n e r a t o r , 
t h e d i s s o c i a t i o n p r e s s u r e of NaH is h i g h [ f o r 940°F (504°C), P^^g = 5 6 7 0 m m - H g ] ; 
h e n c e , h y d r o g e n f r o m the c o v e r - g a s p l e n u m is not expec ted to be a b s o r b e d in 
s o d i u m . 
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F . Decomposit ion Rate of Sodium Hydride 

Naud has repor ted sorij.e exper-^ments to de te rmine NaH dissociat ion 
r a t e s . He repor ted l a rge exper imenta l e r r o r s . However, since these a re the 
only ra te constants avai lable , they will be used in the p resen t study. The 
values repor ted by Naud a r e 

K(310°C) = 0.05 min '^ 

and 

K(280^C) = 0.035 m i n " \ 

On sabsti tuting these values into Eq. 17, we obtain the following express ion 
for the ra te of NaH dissociat ion: 

R2 = 0.597 exp(-3883/Tj^). (18) 

If, however, the pa r t i a l p r e s s u r e of hydrogen in the cover gas is equal to or 
g rea t e r than the NaH dissociat ion p r e s s u r e , the re will be ao NaH dissociat ion. 
It i s , therefore , assumed that both p r o c e s s e s , i .e. , NaH dissociat ion, and hy
drogen absorpt ion by the sodium and formation of sodium hydride, a r e governed 
by Eq. 16 and the combined ra te constant is given by 

KNaH = R'.l-^^Tf -}• (19) 

G. Kinetic Equations 

In Sees. A - F the var ious chemical react ions occurr ing when a smal l 
quantity of water is introduced into sodium were descr ibed . The dissociat ion 
equations of some of the products and thei r react ion ra tes -were a lso given. 

It is now po.-sible to wr i te the kinetic equations for a volume of sodium 
into which a leak of Q i b / s e c of \vater has been injected. These equations give 
the change in concentrat ion of the react ion products as a function of t ime: 

r\ O 

^Nah = d t*^^a^ " ^^^ ^ ^ ^ ^ ^ M " ^NaHCNaH. (20) 

' o 
"^NaOH = 5T*^'NaOH " (l^i + l^z)];^ " KNaOH^NaOH' (2l) 

J o 

^Na20 = d t^Na20 = (1̂ 3 + K^)—+ Kp^^OH<^NaOH' (22) 

file:///vater


and 

C H 2 = f t ^ H 2 = (0-5Ki + K4)-^+ 0.5(KNaHCNaH + KNaOHCNaOn). (23) 

where C is the concentrat ion (in mol / lb) of the different products , M is the 
sodium m a s s (in lb) in the calculated segment , Kĵ ^̂ p̂  is given by Eq. 19, K^NaOH 
is a constant (in s ec~0 , and Q is the leak ra te (in mo l / s ec ) . 

These equations a r e used in subsequent sections to develop the dynamic 
equations used in the s imulat ion study. 

IV. DYNAMICS OF SODIUM-WATER REACTION-PRODUCT PROPAGATION 

The dynamic equations developed in this section a re based mainly on 
m a s s balance applied to each segment and each product of the CCTL system. 
The equations a r e wr i t ten in a general way so that the p rog ram can be adopted 
to other sys t ems mainly by changing the input data. Some additional changes 
may be required due to differences in the physical- loop configurations. 

A. Sodium Flow and Concentrat ion Changes 

The CCTL sys t em is subdivided into severa l segment nodes as shown 
in Fig. 2. In a general ized node, the following p rocesses occur: 

1. P r i m a r y react ions resul t ing from water leak. 

2. Secondary reac t ions . 

3. Sodium flowing into and out of the segment. 

4. Hydrogen gas entering or leaving the node. 

5. P rec ip i t a t ion of react ion products . 

The appropr ia te balance equations a r e 

^ C i = ^ X (WijCiij - WxjCi) + C N ^ H . (24) 
J 

^ ^ 2 = ^ Y (WijCzij - W^jC2) + CNaOH, (25) 
J 

_d_ 
dt 

C3 = ^ I (WijC3ij - W^jC3) + CNa^O- (26) 



a n d 

w h e r e 

| f C 4 = j ^ Z (WijC.i j - W^jC^) + C H 2 - W H / M , (27) 

j 

j = 1, . . . , j for a l l i n l e t and out le t f lows, 

i = in l e t , 

X = ex i t , 

Ci = c o n c e n t r a t i o n of NaH (in m o l / l b ) at any p a r t i c u l a r node , 

C2 = c o n c e n t r a t i o n of NaOH (in m o l / l b ) at any p a r t i c u l a r node , 

C3 = c o n c e n t r a t i o n of Na20 (in m o l / l b ) a t any p a r t i c u l a r node , 

C4 = c o n c e n t r a t i o n ol h y d r o g e n (in r a o l / l b ) at any p a r t i c u l a r node , 

Wĵ - = node in le t flow (in l b / s e c ) a t t h e j th in le t , 

Wxj = node ex i t flow (in l b / s e c ) a t t h e j th ou t le t , 

M = t o t a l m a s s of s o d i u m (in pounds) in the node , 

WTT = net h y d r o g e n gas (in m o l / s e c ) l eav ing (or e n t e r i n g ) the node , 

a n d 

^ N a H ' ^ N a O H ' ^ N a O' ^^'^ ^ H ^^^ tinae d e r i v a t i v e s given by E q s . 20, 
2 1 , 22, and 23 , r e s p e c t i v e l y . 

B . H y d r o g e n P a r t i a l P r e s s u r e in the C o v e r Gas 

In the s o d i u m loop of an L M F B R s t e a m g e n e r a t o r , a s w e l l a s in the 
C C T L l e a k - d e t e c t i o n e x p e r i m e n t , t he s o d i u m m a y h a v e a f r ee s u r f a c e wi th an 
i n e r t c o v e r gas in s e v e r a l p l a c e s . U n d e r l e a k c o n d i t i o n s , h y d r o g e n g e n e r a t e d 
in t h e s o d i u m w^ill e s c a p e into the c o v e r g a s . If, for s o m e r e a s o n , a h igh con 
c e n t r a t i o n of h y d r o g e n o r s t e a m e x i s t s in the c o v e r g a s , it wi l l be p a r t i a l l y 
a b s o r b e d in the sodiunn flow. 

In the C C T L e x p e r i m e n t , the coo lan t c o n t a c t s the c o v e r gas in two 
p l a c e s : t he p u m p and the C C T L v e s s e l . The a m o u n t of gas (in m o l / s e c ) tha t 
can l e a v e t h e s e nodes is Wp^p and Wj^c for the p u m p and the C C T L v e s s e l , 
r e s p e c t i v e l y . Al l c o v e r - g a s p l ena a r e connec ted t h r o u g h the e x p a n s i o n t ank , 
and equal p r e s s u r e is a s s u m e d to e x i s t in e a c h p l e n u m . 

T h e h y d r o g e n p a r t i a l gas p r e s s u r e P u is c a l c u l a t e d f r o m the idea l gas 
law PV = nRT: 
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W R = W H P + W H O - (28) 

dP . H 
dt 

554.4WHTp^/Vp^, (29) 

where Pj^ is in m m Hg, Wjx; is in m o l / s e c ; Tp^ is the t empera tu re (in degrees 
Rankine), and V »̂  is the total plenum volume (in cubic feet). 

IT 

C. Hydrogen-gas Migrat ion 

The quantity of hydrogen gas produced at the leak site is given byEq. 6. 
This hydrogen can be in two forms; it can be ei ther dissolved in the sodium 
or in the form of tiny bubbles. No information was found in the l i t e ra tu re on 
whether any hydrogen bubbles a r e formed and what the fraction or s izes of 
these bubbles a r e . F r o m the exper iments performed so far the re i s , how
ever , a s t rong indication that no bubbles a r e formed at the high t empera tu re s 
prevai l ing in the heat exchanger, but some of the hydrogen might be produced 
in bubbles under low^-temperature condition. 

The conditions under which hydrogen bubbles a r e formed and their sub
sequent behavior in the sys tem a r e the subject of ongoing theore t ica l and ex
per imenta l invest igat ions. In this study, it is assumed that if free hydrogen 
is formed during react ions at the leak s i te , it will be completely dissolved in 
the sodium. This assumpt ion is well justified above 600°F (316°C) and will 
probably be increas ingly e r roneous as the t empera tu re of the sodium in the 
CCTL exper iment is lowered. 

A model for the poss ible migra t ion or diffusion of the dissolved hydro
gen and its subsequent escape into the cover gas has been developed based on 
the following assumpt ions : 

1. Dissolved hydrogen will diffuse f rom the sodium into the cover 
gas only when the par t ia l p r e s s u r e in the cover gas is l e ss than the value 
governed by S iever t s ' law (Eq. 12). 

2. Hydrogen from the cover gas will enter the sodium only if the pa r 
t ia l p r e s s u r e of the cover gas is higher than the NaH dissociat ion p r e s s u r e . 

3. Independent hydrogen-gas migra t ion occur only in par ts of the sys 
t e m where very slow flow exis ts ; o therwise the gas will be entrained in the 
sodium flow. 

4. The gas will m ig ra t e only in the upward direct ion. 

5. The ra t e at which the hydrogen migra te s to the cover gas is de te r 
mined by the difference between hydrogen concentration and the equi l ibr ium 
value according to Se ive r t s ' law: 

W H = R I ( C H - C H S ) M for C H > C H S - ( 3 0 ) 
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6. The r a t e c o n s t a n t R i , wh ich g o v e r n s the h y d r o g e n d i s e n g a g e m e n t 
r a t e , is a s s u m e d to be s u c h t h a t , if z e r o p a r t i a l p r e s s u r e of h y d r o g e n e x i s t s 
in t h e c o v e r g a s , it wi l l t a k e T1/2 for half the h y d r o g e n n e c e s s a r y to e s t a b l i s h 
e q u i l i b r i u m to l e a v e the s o d i u m node: 

Ri = ( t n 2 ) / T I / 2 = 0.693/T1/2. (31) 

D. D y n a m i c s of a P i p e S e g m e n t 

D y n a m i c e q u a t i o n s for a p ipe con ta in ing M pounds of s o d i u m flowing 
at W l b / s e c a r e d e t e r m i n e d by the t r a n s i t t i m e T , w h i c h i s g iven by 

T = M / W . (32) 

T h e c o n c e n t r a t i o n of any of the r e a c t i o n p r o d u c t s a t t i m e t - T i s g iven by 

C = C(t - T ) . (33) 

H e n c e , C is the c o n c e n t r a t i o n of a r e a c t i o n p r o d u c t T s e c o n d s b e f o r e it 
r e a c h e s the p ipe exi t . 

T h e r e a r e no l e a k s in t h e s e p ipe s e g m e n t s ; t h e r e f o r e , only s e c o n d a r y 
r e a c t i o n s t a k e p l a c e . T h e c h a n g e in C , w h i c h w a s confined to the p ipe s e g 
m e n t d u r i n g t i m e T , i s ob ta ined by the fol lowing s i n g l e - s t e p i n t e g r a t i o n p r o c e s s : 

ACi = - % a H ^ { T , (34) 

^^2 = - % a O H C z T , (35) 

^^3 = % a O H C : ^ ' (36) 

and 

AC4 = 0 . 5 ( K N ^ H C ; + KNaOHC2)T. (3?) 

Th i s is a c o a r s e i n t e g r a t i o n p r o c e s s and can be jus t i f i ed only b e c a u s e the 
s e c o n d a r y r e a c t i o n - r a t e c o n s t a n t s a r e v e r y s m a l l . 

T h e c o n c e n t r a t i o n of any of the r e a c t i o n p r o d u c t s at t he exi t of the p ipe 
a t t i m e t is g iven by 

C(t) = C + AC. (38) 

V. THE COLD T R A P 

I m p u r i t i e s a r e r e m o v e d f r o m t h e s o d i u m by cool ing it t o t e m p e r a t u r e s 
a t w h i c h t h e s o l u b i l i t y of s o m e of the r e a c t i o n p r o d u c t s is r e d u c e d c o n s i d e r a b l y . 
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A s m a l l s t r e a m of the s o d i u m is b y p a s s e d t h r o u g h a s p e c i a l hea t e x c h a n g e r 
ca l l ed a cold t r a p . If the c o n c e n t r a t i o n of the i m p u r i t i e s e x c e e d s the a m o u n t 
tha t can be d i s s o l v e d in s o d i u m at the c o l d - t r a p t e m p e r a t u r e , the e x c e s s wi l l 
p r e c i p i t a t e . 

A. C o l d - t r a p Ef f i c i ency 

T h e o r e t i c a l l y , t he i m p u r i t y c o n c e n t r a t i o n in s o d i u m at the c o l d - t r a p 
out le t should be equa l to i t s s o l u b i l i t y at the c o l d - t r a p t e m p e r a t u r e . H o w e v e r , 
the o p e r a t i n g c h a r a c t e r i s t i c s of the cold t r a p change wi th t i m e and flow r a t e , 
wi th c o n s e q u e n t c h a n g e s in i t s s t a t i c e f f ic iency , which is g iven by^^ 

^ i - ^ s a t ' 
(39) 

w h e r e C^ and Cx a r e the i m p u r i t y c o n c e n t r a t i o n s a t the in le t and ou t le t , and 
^ s a t Is tl̂ ® s a t u r a t i o n c o n c e n t r a t i o n for the c o l d - t r a p t e m p e r a t u r e . 

B . C o l d - t r a p D y n a m i c s 

In a d y n a m i c s y s t e m , the w ide ly a c c e p t e d concep t of the s t a t i c effi
c i ency P canno t be u s e d . I n s t e a d , a d y n a m i c eff ic iency i s defined by 

M ^ = W^t (Cin - C) - Pd(Cin - C s a t ) . (40) 

w h e r e C is t h e a v e r a g e ou t l e t c o n c e n t r a t i o n (in m o l / l b ) , and P j is t he d y n a m i c 
ef f ic iency , g iven by 

Pd - f(Wct. T c t ) . (41) 

w h e r e W^^ is flow r a t e t h r o u g h t h e cold t r a p (in l b / s e c ) , and M is the s o d i u m 
conten t in t h e cold t r a p (in pounds ) . T h e e x a c t d e p e n d e n c e of P^ on the flow 
r a t e and o t h e r f a c t o r s is p r e s e n t l y unknown. 

C. So lub i l i ty of R e a c t i o n P r o d u c t s 

A v a i l a b l e da t a on the so lub i l i t y of h y d r o g e n and oxygen in s o d i u m h a v e 
b e e n s u m m a r i z e d by R o d g e r s and Dut ina .^ T h e i r r e c o m m e n d e d v a l u e s as 
funct ion of t e m p e r a t u r e w e r e u sed in t h i s s tudy . 

F o r NaH, C iga t - e x p ( l 3 . 9 7 - 6 6 3 1 . 4 / T K ) . (42) 

F o r Na20 , C3gat = e x p ( l 6 . 1 3 1 - 6 4 9 3 . 3 / T K ; ) . (43) 

The c o n c e n t r a t i o n s a r e g iven in p p m , and Tj^ is the c o l d - t r a p t e m p e r a t u r e in 
d e g r e e s Ke lv in . 



VI. D E T E C T O R S 

T h e r e s u l t s of t h e C C T L l e a k - d e t e c t i o n e x p e r i m e n t s wi l l be a v a i l a b l e 
t h r o u g h r e a d i n g and i n t e r p r e t i n g ou tpu ts f r o m the h y d r o g e n and oxygen d e t e c 
t o r s . Outputs f r o m the h y d r o g e n d e t e c t o r s wi l l be p r o p o r t i o n a l to the NaH and 
h y d r o g e n c o n c e n t r a t i o n s , and outputs f r o m the oxygen d e t e c t o r s wi l l be p r o 
p o r t i o n a l to the Na20 c o n c e n t r a t i o n . 

To p r e d i c t t h e d e t e c t o r o u t p u t s , the s i m u l a t i o n e m p l o y s t h r e e p a r a m 
e t e r s t h a t c h a r a c t e r i z e the d e t e c t o r s : ( l ) t he t i m e l ag T , wh ich is t he t i m e 
for the t i ny s t r e a m of s o d i u m to r e a c h the d e t e c t i n g a p p a r a t u s ; (2) the dif
fusion t i m e c o n s t a n t 0 of t h e d e t e c t o r , i . e . , the t i m e for h y d r o g e n o r oxygen 
to diffuse t h r o u g h the m e m b r a n e unt i l e q u i l i b r i u m is a c h i e v e d betw^een the 
m e a s u r e d s a m p l e s t r e a m and the d e t e c t o r i n t e r i o r ; and (3) the p r o p o r t i o n a l i t y 
o r c a l i b r a t i o n c o n s t a n t of the d e t e c t o r . 

T h e d e t e c t o r t r a n s f e r funct ion is g iven by 

•i- = , on . (44) 
c 1 + se ^ 

w h e r e A is t h e d e t e c t o r r e a d i n g , C is the a c t u a l c o n c e n t r a t i o n , S is the 
L a p l a c e - t r a n s f o r m o p e r a t o r , and K^ is the p r o p o r t i o n a l i t y c o n s t a n t . 

VII. A T Y P I C A L DATA S E T T O BE USED WITH THE SIMULATION 

A da ta s e t t h a t d e s c r i b e s the C C T L s y s t e m , the cond i t i ons at wh ich 
the p a r t i c u l a r e x p e r i m e n t is p e r f o r m e d , and s o m e in i t i a l cond i t ions is g iven 
in T a b l e s I -VII . E x c e p t for the e x p l a n a t o r y t i t l e s , the t a b l e s a r e r e p r o d u c 
t i ons of C C T L - D Y S P p r i n t o u t s of in i t i a l da ta used in a C C T L l e a k - d e t e c t i o n -
e x p e r i m e n t s i m u l a t i o n . 

T a b l e I p r e s e n t s d a t a d e s c r i b i n g the s y s t e m s e g m e n t s , l eng th , c r o s s 
s e c t i o n , a r e a , t he t o t a l m a s s of s o d i u m in e a c h s e g m e n t , and t h e flow t h r o u g h 
e a c h s e g m e n t . T a b l e II shows the i n i t i a l cond i t ions in e a c h s e g m e n t . T a b l e III 
g ives s o m e r e a c t i o n p a r a m e t e r s and how m u c h of e a c h r e a c t i o n p r o d u c t is 
g e n e r a t e d p e r m o l e of w a t e r l e a k . T a b l e IV g ives s o m e s y s t e m c o n s t a n t s , 
and T a b l e V g ives the input flow v a l u e s t h r o u g h v a r i o u s p a s s a g e s . T a b l e VI 
shows the l e a k e x p e r i m e n t for a p a r t i c u l a r run , and T a b l e VII d e s c r i b e s t h e 
d e t e c t o r s . 



T A B L E I D e s c r i p t i o n of C C T L E x p e r i m e n t by Segmen t s 
T Y P E 0, not s i m u l a t e d , T Y P E 1, mix ing p lenum, 

T Y P E 2, a p ipe s e g m e n t , T Y P E 3, p l enum with cove r 
g a s ; T Y P E 4, s e g m e n t wi th m u l t i p l e en t ry , T Y P E 5, 

s e g m e n t wi th c o v e r gas and m u l t i p l e en t ry 

* * * * * * * * * * * * * * * * * * * * kUN » 2m CCTLP LfcAK DETECTION 

StGM TYPE SEGMENT PAkAMETEKS 

1 
2 
3 
a 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1^ 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2a 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3a 
35 
36 
37 
38 
39 

ao 
ai 
a2 
a3 
aa 
as 
a6 
a? 
as 
a9 
50 

* 
^* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
« 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

3 
? 
1 
? 

S 
2 
a 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
2 
0 
0 
0 
2 
2 
2 
2 

LENGTH 
(ft) 

i . oooe 
a.090E 
1 .OOOE 
1 .OOOE 
l.OOOt 
1 .OOOt 
d.77Sfc-
a.i7iE-
a.021t-
a.588E-
7. /88E. 
P.SabE-
7.788E" 
7.22lt. 
7.22lfc-
7.788E-
8.babE. 

00 
01 
00 
01 
00 
0 0 

'01 
•01 
•01 
•01 
•01 
"01 
•01 
•01 
•01 
•01 
• 01 

7.7b8E-01 
a.588E-
4.02lt-

-ui 
•01 

a.l7lE-01 
3.889E-
l.OOOt 
2.890E 
I.OOOE 
2.063t 
7.500E 
1.900E 

•0 1 

ou 
00 
00 

ou 
00 
01 

8.000E-01 
3.100E 
l.OOOt 
l.OOOt 
1 .OOOE 
1 .OOOt 
1 .OOOt 
1 .OOOt 
1 .OOOt 
l.OOOt 
I.OOOE 
1.OOOt 
2.soot 
1.ooot 
1.600t 
l.bOOt 
0.0 
0.0 
1.H58E 
3.687t 
a.267E 
a.22bt 

01 

ou 
00 
^0 
0^ 
ou 
00 
JO 
00 
00 
0 0 

01 

ou 
01 
01 

01 
01 
01 
01 

CROSS-AREA 

(ft2) 

1.069E 00 
9,893t-02 
3.595fc-01 
9.e9iE-02 
2.)27t-01 
i.a90t uo 
3.2aut-0l 
3 . d (4 u t - u 1 

i>.2aot-oi 
i.2aofc-oi 
3.«?i40t-Ul 
3.2aot-01 
3.24Uh-01 
3.2aot-01 
i . 2 a u t - u 1 

i.2aot-oi 
3.2aOE-01 
3.2aut-01 
5.2a0fc-01 
i.2aut-oi 
3.2aOE-01 
3.2aot-oi 
2.]27t-ul 
9.b95t-U2 
a.o3Ut ou 
b.ii'^t uO 
o.aaSt 00 
1 .52t)t-01 
1 .52bt-Ul 
1 . b <; 5 1 - u 1 

».() 

O.U 
0.0 
0.0 
O.U 
0.0 
0.0 
0.0 
O.U 
0.0 
2.4aot-o3 
3.27bt 00 
2.ab0t-0i 
1 . l^bt'O] 

0.0 
0.0 
2.ab0t-u3 
2.a80t-03 
2.aaot-03 
2.4eot-oi 

MASS 
( lb) 

5.583E 
2.11iE 
l./73fc 
b. Ibbt 
l.lllE 
7. 7?lt 
a.oQbE 
7.U57t 
b.bUiE 
7 . 76SE 
1.iibfc 
1.446fc 
1-ilot 
1.222fc 
1.2^2E 
l.ilht 
1.44bE 
1.3ldt 
7.7biE 
o.bO sE 
/.u'^7t 
b.bBOE 
! .11 It 
1 .-^^it 
d. luSf-
o.a9U 
2.b^'4E 
l.iiaE 
o.373t 
2.47ut 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
KJ.O 

i.b2ftE 
1 . 71 It 
2.U72E 
1 .SOlfc 
J.O 
0.0 
t'.yu/fc 
7.\6et 
b.52faE 
1 .loot 

01 
02 
01 
0 1 

0 1 

0 1 
OU 

ou 
uu 
0 0 
0 1 

0 1 

0 1 

01 
01 
01 
0 1 

01 
0 0 

Ou 
00 
00 
0 1 
0 1 

Od 
02 
Oi 
0 2 
00 
0 2 

ou 
0 2 
00 
02 

00 
00 
00 
01 

FLOW 
(Ib/sec) 

9.309E 
9.309E 
9.309E 
9.297fc 
'/.29 7E 
b.blbt-
'^.297t 
9.239t 
9.239t 
y.di^t 
9.^s9t 
'^.Pi'it 
'^.239t 
9.2i9E 
9.239E 
9.23«fc 
9.259t 
9.2i9E 
9.25^t 
9.234t 
i.di'^t 
a.2SlE 
9.c'blt 
9. 19c?E 
9. 192t 
9.l4ot 
9.2o2t 
9.2o2E 
9.5u9t 
9.309t 
0.0 
0.0 
J.O 
0.0 
0.0 
0.0 
0.0 
J.O 
0.0 
J.O 
4.ob4fc 
4.b5at 
4.654t 
0.0 
0.0 
0.0 
5.816E 
3.818E 

5.bl8t 
3.818E 

01 
01 
01 
01 
01 
•ul 
01 
01 
0 1 
01 
01 
01 
01 
ul 
01 
ul 
ol 
ol 
01 
01 
01 
01 
0 1 
ul 
01 

ul 
01 
01 
01 
01 

-ul 
-Jl 
-01 

-01 
-01 
-01 
-01 



TABLE II. Initial Concentration of Reaction Products 
in Different Segments of CCTL 

SEG^ 

1 
2 
3 
U 
5 
b 
7 
8 
9 
10 
U 
12 
13 
la 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2a 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
ao 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

1 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
« 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

TYPE 

3 
2 
1 
2 

5 
2 
4 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
2 
0 
0 
0 
2 
2 
2 
2 

Cl-NAH 

1.418E-06 
1.418fc-06 
1.4l8t-06 
1.4l8t-06 
l.ai8E-06 
1.418E-06 
1.4l8t-06 
1.418E-06 
I,4l8£-y6 
l,4l8t-06 
l.ai8E-06 
l.ai8t-06 
l,4l8£-06 
l,4l8E-06 
1.4l8t-06 
l,ai8E-06 
1.418E-06 
l,418E-06 
l.ai8E-06 
1.418E-06 
1.418E-06 
l,ai8t-06 
1.418E-06 
l.ai8t-06 
1.418E-06 
1.418E-06 
1.418E-06 
1.4l8t-06 
1.ai8E-06 
1.418E-06 
0,0 
0.0 
0.0 
0,0 
0,0 
0.0 
0.0 
0,0 
0,0 
0,0 
l,ai8E-06 
l,ai8t-06 
l,418t-06 
0,0 
0,0 
0,0 
1.418t-06 
1.418t-06 
l,418E-06 
1.418E-06 

CONCENTRATION. MOL/LB 

0. 
0, 
0, 
0 
0, 
0 
0 
0 
0 
0 
1 , 
1 , 
1 
0 
0 
0 
1 
1 
1 
1 

C2-NA0H 

134E-08 
.134E-08 
134E-08 
134E-08 
134E-08 
,134E-08 
134E-0B 
l3aE-08 
l34h-oe 
l34t-08 
134E-08 
134t-08 
13aE-08 
13aE-08 
134E-08 
134E-08 
13aE-08 
l34fc-08 
13aE-08 
13aE-o8 
134E-08 
li4t-08 
134t-08 
,134E-08 
134t-08 
.134E-08 
,134E-08 
,13aE-08 
.134E-08 
.134E-08 
.0 
.0 
.0 
.0 
,0 
.0 
,0 
,0 
,0 
.0 
,134E-08 
,l34t-08 
.liah-06 
.0 
.0 
.0 
.134E-08 
.13at-08 
,13aE-08 
,13aE-08 

C3-NA20 

2.561E-04 
2.561E-04 
2.561E-04 
2,56lt-04 
2.561L-04 
2.56lE-0« 
2.561E-04 
2.561E-04 
2.56lt-04 
2.561t-04 
2.5blt-04 
2.561t-04 
2,561t-04 
2.561E-04 
2,56lE-04 
2,56lt-04 
2,56lE-04 
2,56it-oa 
2,56lE-04 
2.561E-04 
2.5blE-04 
2.561E-04 
2,56lt-0a 
2.56lE-oa 
2,561t-04 
2,56it-oa 
2.561t-04 
2.5blE-04 
2.56lt-04 
2.b61E-04 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.561E-04 
2.561E-04 
2,561E-04 
0.0 
0.0 
0,0 
2.561E-0a 
2.561t-04 
2,56lE-04 
2,561E-0a 

ca-H2 

2.249E-06 
2,249t-06 
2,249E-Q6 
2.2a9E-06 
2.2496-06 
2,249E-06 
2.249L-06 
2.249E-06 
2.249E-06 
2.249E-06 
2,249E-06 
2,249E-06 
2,249t-06 
2.249E-06 
2,249E-06 
2.249t-06 
2.249E-06 
2.249t-06 
2.249E-06 
2.249E-06 
2.249t-06 
2.249E-06 
2.249E-06 
2.249t-06 
2.249E-06 
2.249E-06 
2,249t-06 
2.249E-06 
2,249E-06 
2.249E-06 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0,0 
0,0 
0.0 
0.0 
2.249E-06 
2.249E-06 
2.249E-06 
0.0 
0.0 
0.0 
2.249E-06 
2.249fc-06 
2.249E-06 
2.249E-06 



TABLE III. Leak Distr ibution to Various Reactions 
and Reaction Produc ts 

0 , 4 5 OF THE LEAK GOES TU NA+H2O = N A 0 H - H / 2 H 2 ( b ) 
0 , 2 0 OF THE LEAK GOES TO 2NA+H2U=NAUH+NAH 
0 . 2 5 OF THE L tAK GOES TO 4 N A + H 2 0 = 2 N A H + N A 2 U 
0 , 1 0 OF THE LEAK GOES TO 2 N A + H 2 0 = N A 2 0 + H 2 
0 , 7 0 MOL OF THE LEAK I S TRANSFORMED TO NAH 
0 . 6 5 MOL OF THE LEAK IS TRANSFORMED TO NAUH 
0 , 3 5 MOL OF THE LEAK IS TRANSFORMED TO NA20 
0 , 3 2 MOL OF THE LEAK I S TRANSFORMED TU H 2 ( G j 

TABLE IV. Some Constant P a r a m e t e r s of the System 

THE NAH DISSOCIATION PRESSURE IN MM-HG IS 3 3 3 2 , 6 1 1 
SODIUM TEMPERATURE IN ( D E G - F ) i S 9 0 0 . 0 0 
SODIUM TEMPERATURE I N (DEG-K) I S 7 5 5 . 2 2 
SODIUM DENSITY IN (LBS /CUF) IS 5 2 , 2 2 
TOTAL WEIGHT OF SODIUM IN THE SYSTEM ( L 3 ) 4 7 8 5 . 6 1 
COVER GAS PLENUM VOLUME (LUFJ 4 0 . 0 0 
COLD TRAP DYNAMIC EFFICIENCY ( l / S E C ) IS 0 . 2 4 4 9 E - 0 2 
NAH SATURATION CONC. AT COLD TRAP(MUL/Ld) 0 . b 5 4 2 E - 0 6 
NA20 SATURATION C N C . AT COLD TRAP(MUL/LH) 0 . a i ) 9 6 E - 0 5 
TOTAL TRANSIT TIME IN CCTL (SEC) IS 4 6 . 8 7 
COLD TRAP TEMPERATURE IN COEG-K) IS 3 8 8 . 5 6 
SIEVERTS CONSTANT IN ( M O L / ( L b * T u R R * * - 2 ) } O . U 2 5 t - 0 2 
PARTIAL HYDROGEN PRESSURE IN COVER GAS (MM-HG) 0.1 
PARTIAL ARGON PRESSURE IN COVER GAS (MM-HG) 800 

TABLE V. Flow Distr ibut ion in CCTL 
(see Fig . 2 for explanation) 

TOTAL SODIUM FLOw IN ( L b S / S t C ) i S 9 3 . 0 8 7 2 
wCr 0 . 4 6 5 4 
w l l 0 . 5 8 1 8 
tNT2 0 . 0 
WT3 0 . 5 8 1 b 
WT4 0 . 0 
WEX 0 . 1 1 6 4 
wA 9 2 . 9 7 0 9 
WX 9 2 , 3 8 9 1 
WB 9 2 . 5 0 5 4 
^C 9 1 . 9 2 3 6 
WD 9 1 . 4 5 8 2 
WE 9 2 . 6 2 1 7 
wR 9 3 . 0 8 7 2 



TABLE VI. W a t e r - l e a k Descr ip t ion for Expe r imen t 1 Run 24 

* * * * * * * * * * * * * * R U I N tt 15: CCTL LEAK DETECTION S I M U L A T I O N , ( .001 LB/SEC AT I N J # 4 » D U R = 7 0 S E C * * * * * * * * * * * 

LEAKAGE DATA FUR THIS CASE AHE ; 

FOR NUDE SEGMENT # 22 19 17 16 15 12 
THE LEAKAGE I N MUL/SFC I S 0 . 0 0 . 0 O.U 0 . 3 7 7 6 E 00 0 . 0 0 . 0 
THE LEAK STARTS AT T l M t - lO.QO 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 
THE LEAK I S TERMINAIED AT 8 0 . 0 0 8 0 . 0 0 8 0 . 0 0 15. .00 8 0 . 0 0 8 0 . 0 0 

T A B L E V I I . D e s c r i p t i o n o f D e t e c t o r C o n n e c t i o n s f o r E x p e r i m e n t 1 R u n 24 

DETECTOR NO 1 OF TYPE 1 I S CONECTED TO NUDE 49 HAS A LAG UF lO.OOSEC AND A DELAY UF ia .OOSEC 

DETECTOR NO 2 OF TYPE 2 I S CONECTED TO NODE 49 HAS A LAG uF 1 2 . 0 0 S E C AND A DELAY U F 1 5 . 0 0 S E C 

DETECTOR Nu 3 uF TYPE 1 I S C U N t C T t U TLI NODE «7 HAS ft LAG OF lO.OOSEC AND A DELAY OF ia .OOSEC 

DETECTOR NO 4 OF TYPE 3 I S CONECTED TO NuDt 27 HAS A LAG OF l .OOSEC AND A DELAY OFlO.OOSEC 

Type I = Hydrogen D e t e c t o r 

Type 2 = Oxygen "Detector 

Type 3 = Hydrogen D e t e c t o r i n t h e Cover Gas 
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VIII. SUMMARY OF ASSUMPTIONS 

1. Reactions 1-4 a r e the only sodium-water react ions expected at the leak 
s i te . 

2. As a resu l t of a leak of 1 mol of wate r , the following reaction products 
will be generated instantaneously: 

0.7 mol of NaH 

0.65 mol of NaOH 

0.35 mol of NazO 

0.37 mol of H2 

3. The only secondary react ions taking place in the sys tem a r e NaOH and 
NaH dissociat ion, as given by Eqs . 10 and 11. 

4. The half-life of NaOH is 150 min. 

5. The NaH dissociat ion p r e s s u r e is given by Eq. 15: 

P^is = exp(26.71 - 1 4 0 4 6 / T K ) . 

6. If the sy s t em is at steady state for a long t ime, the hydrogen p r e s s u r e in 
the cover gas will be in equi l ibr ium with the hydrogen concentration in 
the sodium according to S iever t s ' law. 

7. Changes in the cover -gas hydrogen par t ia l p r e s s u r e a r e the resul t of 
hydrogen leaving the sodium according to the S iever t s ' law and because 
of bubble t r an spo r t from the leak s i te . Bubble t r anspor t occurs only at 
low t e m p e r a t u r e s and is assumed to be ze ro at the t empera tu re s con
s idered in this study. 

8. The NaH dissocia t ion ra te is given by 

v2 

K2 = 0.597 e x p ( - 3 8 8 3 / T r ^ ) 
^ d i s - ^ H ' 

\ d i s / 

9. Ideal mixing is assumed in all plenum segments . 

10. Hydrogen diffusion through the sys t em walls is neglected. 

11. The hydrogen and oxygen de tec tors a r e of the diffusion type and can be 
cha rac t e r i zed by the t r ans f e r function given in Eq. 44: 



A K^e -ST 

c " 1 + se • 

12. Solubility of NaH in sodium is given by Eq. 42, 

<^NaH = exp(l3.97 - 6 6 3 1 . 4 / T K ) . 

13. Solubility of NazO in sodium is given by Eq. 43, 

^NazO = exp(l6.131 - 6 4 9 3 . 3 / T K ) . 

14. S teady-s ta te flow conditions prevai l throughout the sys tem; there fore , 
t he re is a constant sodium level in CCTL vesse l and zero flow to the 
expansion tank. 

15. The sys t em t e m p e r a t u r e is constant; no heat t r ans fe r is accounted for. 

16. P r e s s u r e gradients throughout the flow path and the i r possible effects o 
react ion ra tes a r e neglected. 



IX. SAMPLE CALCULATIONS 

The following sample calculat ions a r e intended to demonst ra te v a r i 
ous output features of the p r o g r a m ra the r than to predic t the resu l t s of a 
pa r t i cu la r CCTL exper iment . 

A. Changes in React ion-product Concentrat ion as a Result of a Short, 
0.075-lb Leak 

A shor t leak of 0.015 l b / s e c , s ta r t ing at 10 sec after simulation 
s ta r tup and te rmina t ing at 15 sec , was generated to initiate a t rans ient in the 
CCTL sys tem. The injection point was 14 (in the middle of the s t eam-genera to r 
module). The conditions a r e bas ica l ly s imi la r to those given in Tables I-VII, 
except for the leak s ize . The simulat ion was run for 100 sec , a sufficient 
t ime for the major t r ans i en t s to be t e rmina ted . 

F igure 3 shows the hydrogen concentra t ion in sodium as a function of 
t ime (1) at the leak-inject ion site (node 16); (2) at the stagnant par t of the 
s t eam genera tor (node 6) through which the re is a smal l (5-gal /min) sampling-
line flow; (3) at the end of the pipe leading to hydrogen detector No. I; and 
(4) as given by the response of detector No. 1. The delays among the var ious 
nodes a re c l ea r ly v is ib le . The effect of mixing inc reases with distance from 
the injection node; the re fore , the peaks observed during the t rans ien t s a re 
lower at the distant nodes. 

0-0 20-0 80-0 100-0 
TIME(SEC) 

Fig. 3. Transient Hydrogen Concentradons at Node 6, End of Pipe 49, 
in Detector 1, Resulting from a Steam Injection of 0.015 lb/ 
sec for 5 sec from Injector 14 at Node 16 (See Fig. 2) 



F i g u r e 4 shows t h e h y d r o g e n c o n c e n t r a t i o n ( l ) at the s t e a m - g e n e r a t o r 
ou t l e t p l e n u m (node 23); (2) a t t h e end of s a m p l i n g l ine 47 l e a d i n g f r o m node 23 
to t h e h y d r o g e n d e t e c t o r No. 3; and (3) a s g iven by the r e s p o n s e of d e t e c t o r 
No. 3 . F o r c o m p a r i t i v e p u r p o s e s , t h e h y d r o g e n c o n c e n t r a t i o n a t t he i n j ec t i on 
node i s a l s o shown. 
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Fig. 4. Transient Hydrogen Concentrations at Nodes 16 and 23, End 
of Pipe 47, in Detector 3, Resulting from a Steam Injection 
of 0.015 lb/sec for 5 sec from Injector 14 at Node 16 (See Fig. 2) 

F i g u r e 5 s h o w s the c o n c e n t r a t i o n of the four r e a c t i o n p r o d u c t s at 
node 27, wh ich i s in c o n t a c t wi th the c o v e r g a s . A p a r t f r o m d i f f e r e n c e s in 
c o n c e n t r a t i o n s , wh ich a r e the r e s u l t s of the a s s u m p t i o n on how the s o d i u m -
w a t e r r e a c t i o n p r o d u c t s sp l i t , the t r a n s i e n t f o r m s of the four c u r v e s a r e 
i d e n t i c a l . 

F i g u r e 6 show^s t h e oxygen c o n c e n t r a t i o n a t node 6, a s m o n i t o r e d by 
oxygen d e t e c t o r No. 2. 

B . C h a n g e s in Re a c t i o n - p r o d u c t C o n c e n t r a t i o n a s a R e s u l t of a 7 0 - s e c , 
0 . 0 0 0 1 - l b / s e c L e a k 

T h i s r u n s i m u l a t e d a p r o p o s e d C C T L l e a k - d e t e c t i o n e x p e r i m e n t wi th 
a sodiixm flow r a t e of 800 g a l / m i n a t 940°F (504°C). S t e a m at 0.001 l b / s e c 
w a s i n t r o d u c e d a t I n j e c t o r 14 ( s e e F i g . 2) 10 s e c a f t e r s i m u l a t i o n s t a r t u p . 
T h e l e a k w a s t e r m . i n a t e d at 80 s e c , and s i m u l a t i o n w a s con t inued up to 600 s e c 
T h e cold t r a p w a s not in o p e r a t i o n in t h i s e x p e r i m e n t . 
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40-0 60-0 
TIME(SEC1 

100-0 

Fig. 5 Transient Concentrations of Reaction Products Resulting from Steam In
jection of 0.015 lb/sec for 5 sec from Injector 14 at Node 16 (See Fig. 2) 
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Fig. 6. Oxygen Concentration at Node 6 as Monitored by Oxygen 
Detector No. 2 Resulting from Steam Injection of 0.015 lb / 
sec for 5 sec at Injector 14 (See Fig. 2) 



F i g u r e 7 shows the h y d r o g e n c o n c e n t r a t i o n a t the in jec t ion poin t 
(node 16), at node 23 , at the end of p ipe s e c t i o n 47, and at h y d r o g e n d e t e c t o r 
No. 3 . The d e l a y s in c o n c e n t r a t i o n c h a n g e s a m o n g the v a r i o u s n o d e s a r e 
c l e a r l y s e e n . 
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Fig. 7. Transient Hydrogen Concentrations at Nodes 16 and 23, End of Pipe 47, 
in Detector 3, Resulting from a Steam Injection of 0.001 Ib/sec for 
70 sec at Injector 14 and Node 16 (See Fig. 2), Sodium Flow Rate of 
800 gal /min at 940°F (504''C), without Cold Trapping 

F i g u r e 8 shows the c o n c e n t r a t i o n s of the four r e a c t i o n p r o d u c t s a t 
node 27. A r e l a t i v e l y fas t d e c o m p o s i t i o n of NaH at 940°F (604°C) c a n be o b 
s e r v e d f r o m t h e f i g u r e . 

F i g u r e 9 shows t h e r e s p o n s e s of two h y d r o g e n d e t e c t o r s , one m o n i t o r 
ing node 6 and the o t h e r m o n i t o r i n g node 23. 

F i g u r e 10 shows the h y d r o g e n c o n c e n t r a t i o n at t he in j ec t ion node 16, 
t he p u m p node 1, and the u p p e r C C T L v e s s e l node 27. E x c e p t for the t i m e 
s c a l e , t h e s e r e s u l t s a r e s i m i l a r to t h o s e c a l c u l a t e d by Pellow.^^ 

C. Effec t of Changing F l o w R a t e 

As m e n t i o n e d e a r l i e r , t he C C T L t e s t plan^ i n c l u d e s e x p e r i m e n t s to 
d e t e r m i n e h y d r o g e n - d e t e c t o r r e s p o n s e to s t e a m i n j e c t i o n s in to s o d i u m at 
v a r i o u s flow r a t e s . S i m u l a t i o n s of t h e s e e x p e r i m e n t s c o n s i s t e d of i n t r o d u c i n g 
s t e a m at 0.001 l b / s e c for 70 s e c at node 16 in to s o d i u m at 300, 465 , 630, and 
800 gpm. 
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240-0 360-0 

TinE(SEC) 

Fig. 8. Transient Concentrations of Reaction Products Resulting from a Steam 
Injection of 0.001 lb/sec for 70 sec at Injector 14; Sodium Flow Rate 
of 800 gal/min at 940°F (504°C), without Cold Trapping 
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Fig. 9. Response of Hydrogen Detectors to a Steam Injection of 0.001 lb/sec for 
70 sec at Injector 14 (See Fig. 2); Sodium Flow Rate of 800 gal/min at 
940°F (504°C), without Cold Trapping 
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Fig. 10. Transient Hydrogen Concentrations at Nodes 1, 16, and 27 Resulting 
from a Steam Injection of 0.001 lb/sec for 70 sec at Injector 14 
(See Fig. 2); Sodium Flow Rate of 800 gal/min at 940°F (504°C), 
without Cold Trapping 

F i g u r e 11 s h o w s t h e r e s p o n s e of h y d r o g e n d e t e c t o r N o . 1 ( s e e end of 
pipe 49, F i g . 2), which moni tored the upper s tagnant - sod ium s e c t i o n of the 
s t e a m - g e n e r a t o r module during sodium flow r a t e s of 300 and 800 gpm. 
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Fig. 11. Response of Hydrogen Detector No. 1 (See Fig. 2) at Different 
Sodium Flow Rites, to a Steam Injection of 0.001 lb/sec for 
70 sec from Inj'ector 14 
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F i g u r e s 12-15 show the r e s p o n s e of h y d r o g e n d e t e c t o r No. 3, which 
m o n i t o r e d the s t e a m - g e n e r a t o r ou t le t d u r i n g s o d i u m flow r a t e s of 300, 465 , 
630, and 800 gpm, r e s p e c t i v e l y . 
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Fig, 12. Response of Hydrogen Detector No. 3 to a Steam Injection of 0.001 lb/ 
sec for 70 sec at Injector 14, during Sodium Flow at 300 gpm 
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Fig. 13. Response of Hydrogen Detector No. 3 to a Steam Injection of 0.001 lb/ 
sec for 70 sec at Injector 14, during Sodium Flow at 465 gpm 
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Fig. 14. Response of Hydrogen Detector No. 3 to a Steam Injection of 0.001 lb / 
sec for 70 sec at Injector 14, during Sodium Flow at 630 gpm 
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Fig. 15. Response of Hydrogen Detector No. 3 to a Steam Injection of 0.001 lb / 
sec for 70 sec at Injector 14, during Sodium Flow at 800 gpm 
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These figures reveal that the delay between leak occurrence and de
tect ion of hydrogen concentrat ion i nc rea se s as the flow ra te is decreased . If 
the detector is close to the leak s i te , as with, for example, detector number 3 
in this case , the max imum t rans ien t overshoot in detector response inc reases 
when flow ra te is reduced. 

D. Simulation of a Tightly Coupled Loop 

The flexibility of the p r o g r a m is demonst ra ted by simulating a differ
ent type of loop. In this sys tem, the huge sodium vesse l containing the s team 
genera tor is excluded. Instead, th ree more segments a re added to the s team 
genera tor unit. A shor t leak of 0.015 l b / s e c for a 5-sec period was injected 
from Injector 14 at 800 gpm and was s imulated at 940°F (504°C). The resu l t s 
a r e shown in F igs . 16-20. 

The osc i l la tory nature of the concentrat ion changes is due to the e l im
ination of the huge mixing volumes of the CCTL vesse l , which smooth out any 
type of t rans ien t . A short leak, such as is s imulated in this experiment , will 
contaminate a lunnp of sodium. Whenever this lump passes through a segment 
of the loop or near a detector , an i nc rease in contamination is observed. After 
severa l p a s s a g e s , the t r ans ien t s die out because of the inixing p roces s . The 
distance between the peaks in the figures is the t rans i t t ime and is observed 
to be 14 sec (calculated value, 13.76 sec) . 

TIME(SEC) 

Fig. 16. Transient Hydrogen Concentration in a Tightly Coupled Loop at Pump 
Node 1 Resulting from a Steam Injection of 0.015 lb/sec for 5 sec into 
Sodium at 800 gpm and 940°F (504°C), at Injector 14 
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Fig. 17. Transient Hydrogen Concentrations in a Tightly Coupled Loop Resulting 
from a Steam Injection of 0.015 lb/sec for 5 sec at Injector 14, at 
800 gpm and 940''F (504°C) 
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Fig. 18. Response of Hydrogen Detectors in a Tightly Coupled Loop Resulting 
from a Steam Injection of 0.015 lb/sec for 5 sec at Injector 14. 
Sodium flow is 800 gpm at 940°F (504°C). 
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Fig. 19. Transient Hydrogen Concentrations in a Tightly Coupled Loop Resulting 
from a Steam Injection of 0.015 lb/sec for 5 sec at Injector 14. Sodium 
flow is 800 gpm at 940°F (504°C). 
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Fig. 20. Transient Concentrations of Reaction Products in a Tightly Coupled Loop 
Resulting from a Steam Injection of 0.015 lb/sec for 5 sec at Injector 14. 
Sodium flow is 800 gpm at 940°F (504°C). 
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S i m i l a r r e s u l t s w e r e ob t a ined by B e r a u l t et al.,^^ when a s h o r t b u r s t 
of w^ater w a s i n j e c t e d in to t h e i r loop, wh ich inc luded m a i n l y piping s e g m e n t s . 
The t r a n s i t t i m e w a s about 5 m i n , and 13 p e a k s w e r e o b s e r v e d b e f o r e the 
h y d r o g e n diffused and m i x e d t h r o u g h s y s t e m and a s t ab l e h y d r o g e n c o n c e n t r a 
t i o n w a s e s t a b l i s h e d . 

With r e f e r e n c e to the p r e s e n t s i m u l a t i o n . F i g . 16 shows the h y d r o g e n 
c o n c e n t r a t i o n at t he p u m p (node 1). Seven p e a k s o c c u r d u r i n g the f i r s t 100 s e c , 
and the t r a n s i e n t d i e s out soon t h e r e a f t e r . 

F i g u r e 17 c o m p a r e s the t r a n s i e n t h y d r o g e n c o n c e n t r a t i o n s at node 23 , 
end of p ipe 47 , and the r e s p o n s e of d e t e c t o r No. 3 with the t r a n s i e n t c o n c e n 
t r a t i o n a t the l eak ing node 16. The l e a k i s r e p r e s e n t e d by a s t e p funct ion 
5 s e c M^ide, a f t e r v/hich the c o n c e n t r a t i o n is r e d u c e d to the b a c k g r o u n d v a l u e , 
s u c c e s s i v e p e a k s a p p e a r a f t e r e a c h t r a n s i t t i m e . 

F i g u r e 18 shows the r e s p o n s e of h y d r o g e n d e t e c t o r s No. 1 and 3. The 
i n t e g r a t i n g effect of the d e t e c t o r s c o m p a r e d to a c t u a l h y d r o g e n c o n c e n t r a t i o n 
at n o d e s 23 and 6 i s a p p a r e n t . 

F i g u r e 19 shows the t r a n s i e n t h y d r o g e n c o n c e n t r a t i o n at n o d e s 23 and 
29 . Node 29 i s at a " 5 - s e c d i s t a n c e " f r o m node 23 . The s a m e t r a n s i e n t r e 
s u l t s ; h o w e v e r , b e c a u s e of m i x i n g e f f e c t s , the a p p r o p r i a t e p e a k s at node 29 
a r e l o w e r t han t h o s e at s e g m e n t 23 . 

F i n a l l y , F i g . 20 shows c h a n g e s in c o n c e n t r a t i o n of r e a c t i o n p r o d u c t s 
NaH, NaOH, Na20 , and h y d r o g e n at node 27. 

E . Effec t of C o l d - t r a p O p e r a t i o n 

In t h e s e s i m u l a t i o n s , i t was a s s u m e d tha t the C C T L cold t r a p h a d a 
s t a t i c e f f i c iency of p = 0 .9 , and the flow t h r o u g h the co ld t r a p w a s 4 g a l / m i n . 
S t e a m w a s i n t r o d u c e d at I n j e c t o r 14 (node 16), at a r a t e of 0 .0001 l b / s e c for 
70 s e c , and the s i m u l a t i o n s con t inued for 15 m i n . The r e s u l t s wi th and w i th 
out c o l d - t r a p o p e r a t i o n a r e shown in F i g s . 2 1 - 2 4 . 

F i g u r e 21 shows h y d r o g e n c o n c e n t r a t i o n s at node 1, the p u m p s e g 
m e n t . F i g u r e 22 shows the h y d r o g e n c o n c e n t r a t i o n s at node 27. F i g u r e 23 
g i v e s the r e s p o n s e of the h y d r o g e n m e t e r m o n i t o r i n g the s t e a m - g e n e r a t o r 
ou t l e t . F i g u r e 24 sho-ws the Na20 c o n c e n t r a t i o n a t node 27. 

T h e s e r e s u l t s e v i d e n c e how c o l d - t r a p o p e r a t i o n r e d u c e s i m p u r i t y 
c o n c e n t r a t i o n s and i s r e f l e c t e d in the d e t e c t o r r e a d i n g s . To obta in the new^ 
s t e a d y - s t a t e c o n c e n t r a t i o n s r e s u l t i n g f r o m con t inuous c o l d - t r a p o p e r a t i o n , 
t he s i m u l a t i o n would h a v e h a d to be con t inued for about 3 h r . Due to c u r r e n t j 
c o m p u t e r l i m i t a t i o n s , t h i s w a s not c o n s i d e r e d p r a c t i c a l . The C C T L - D Y S P m 
p r o g r a m h a s a r a t i o of s i m u l a t i o n t i m e to r e a l t i m e r a n g i n g f r o m 0.2 to 0.9-
F o r v e r y fas t r a t e s of change in the v a r i a b l e s and s h o r t t r a n s i e n t s , the 0.9 r a t i o 
shou ld be t a k e n ; for s low t r a n s i e n t s and long s i m u l a t i o n t i m e s , t he 0.2 r a t i o 
c a n be u s e d . 
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F . Effect of Different Reaction Rates 

As explained previously (see Sec. III. A, C, and F), little is known about the 
react ion ra t e s of the var ious p r o c e s s e s occurr ing once the impuri t ies enter 
the sodium. It is evident that s imulat ion resu l t s cited in previous paragraphs 
will va ry according to the assumpt ions made concerning the var ious react ion 
p a r a m e t e r s . For example, the ra te at which hydrogen gas leaves the sodium 
and en te rs the cover gas will be considered. It is cur ren t ly assumed that the 
half-life of hydrogen g a s - - t o reach equi l ibr ium with the cover g a s - - i s 2000 min. 
At this ra te of hydrogen disengagement , no change in the hydrogen content in 
the cover gas is observed. However, if this half-life is reduced to 2 min, the 
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hydrogen concentrat ion in the cover gas r i s e s sharply, as shown in Fig. 25. 
At leas t some of the uncer ta in t ies in these data a r e expected to be resolved 
by the CCTL leak-detec t ion exper iments . 

0.0 

^' 

o 

g 
1— a: a: 
Z 

^'5 
a« 
X 

a 

I 
LEGEND 
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Fig. 25. Change in Cover-gas Hydrogen Concentration When Hydrogen-
disengagement Half-life is Reduced by a Factor of 1000 

G. Effect of Leak Location 

The response of the CCTL experiraent detector is expected to vary 
with the w a t e r - l e a k location. These changes a re demons t ra ted in F igs . 26 
and 27, which show the detector response to identical s t eam injections of 
0.01 l b / s ec for 5 sec . One injection is close to the s t eam-gene ra to r inlet. 
Injector 17; the other , Injector II is at the s t eam-gene ra to r outlet. Hydrogen 
detector No. 3 is monitoring the outlet from the s t eam-gene ra to r module. In 
Fig. 26, the second l eak - - c lo se to the ou t le t - - i s detected f i rs t . F igure 27 
shows the changes in hydrogen concentrat ion at node 27 resul t ing from water 
injected at Injectors II and 17. 

X. EXPERIMENTAL VERIFICATION 

Recently some exper imenta l r e su l t s from the CCTL leak-detect ion 
exper iment became available. On November 6, 1975, injection No. 22 took 
place in which 2.54 g /min of s t eam were injected at Injector 14. The leak 
duration was 57.5 sec , the sodium flow was 600 gpm, and the sodium tempera 
tu re was 940°F (504°C). In Fig. 28 the exper imenta l readings from the hydrogen 
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Fig. 27. Transient Hydrogen Concentrations Resulting from Steam Injec
tion of 0.01 lb/sec for 5 sec from Two Different Injectors 
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detector connected to segment 49 a r e super imposed on the detector response 
as predic ted by the simulation p r o g r a m CCTL-DYSP. Except for random ex
per imenta l noise , t he re is excellent agreement . Also shown are the predicted 
hydrogen concentrat ions at the end of pipe segment 40, and in the stagnant r e 
gion of the heat exchanger (segment 6). 

On November 7, 1975, injection No. 23 took place in which 0.98 g/min 
of s t eam was injected at Injector 14. The leak duration was 118.4 sec , the 
sodium flow was 300 gpm, and the sodium t empera tu re was 940°F (504°C). In 
Fig. 29 the exper imenta l readings from the hydrogen detector a re super im
posed on the detector response as predic ted by the simulat ion. Small differ
ences between the exper imenta l and the predicted curves can be seen. These 
s eem to be mainly due to the imperfect knowledge of the exact shape of the 
s team-inject ion curve , e r r o r s in the calculation of the delays in the sampling 
lines due to e r r o r s in the f lowmeters , and random exper imenta l noise , which 
is c lea r ly visible on the exper imenta l curve . In this exper iment the re was ap
parent ly a la rge cal ibrat ion e r r o r in the in terpre ta t ion of the detector readings. 
Therefore the exper imenta l r e su l t s were normal ized to the s teady-s ta te resu l t 
as obtained from the simulation. 

XI. SUMMARY AND CONCLUSIONS 

An analytical model has been developed to descr ibe the kinetic and 
dynamic p r o c e s s e s that occur when water leaks into a c i rculat ing sodium loop. 
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A c o m p u t e r c o d e , C C T L - D Y S P , so lv ing the m o d e l equa t i ons w a s p r e p a r e d . 
The d i s t r i b u t i o n and the c o n c e n t r a t i o n of the s o d i u m - w a t e r r e a c t i o n p r o d u c t s 
t h r o u g h o u t the s y s t e m w a s c a l c u l a t e d , and i t i s shown tha t q u a l i t a t i v e l y the 
r e s u l t s a r e in a g r e e m e n t wi th s i m i l a r c a l c u l a t i o n s o r e x p e r i m e n t s pub l i shed 
e l sewhere .^^ '^^ S u b s e q u e n t c a l c u l a t i o n s , s i m u l a t i n g two C C T L e x p e r i m e n t s 
w e r e in good a g r e e m e n t wi th m e a s u r e d h y d r o g e n c o n c e n t r a t i o n s ( see Sec . X) . 
H o w e v e r , no te t h a t e x p e r i m e n t a l and t h e o r e t i c a l i n f o r m a t i o n on s m a l l l e a k s , 
s o d i u m - w a t e r i n t e r a c t i o n , and t h e s u b s e q u e n t d i s t r i b u t i o n of h y d r o g e n in a 
s y s t e m , i s s c a r c e and of dubious v a l i d i t y . 

120-0 210-0 360-0 
TIME(SEC) 

Fig. 29. Changes in Cover-gas Hydrogen Concentrations When Hydrogen-
disengagement Half-life Is Reduced by a Factor of 1000 

M o s t of the p a r a m e t e r s g o v e r n i n g h y d r o g e n diffusion and t r a n s p o r t 
t h r o u g h o u t the s y s t e m and i t s s u b s e q u e n t " e v a p o r a t i o n " (or d i s e n g a g e m e n t , 
if in bulk f o r m ) in the c o v e r gas a r e not know^n. Som e of the r e a c t i o n p a r a m 
e t e r s a v a i l a b l e , such as NaOH and HaH d i s s o c i a t i o n r a t e s , a r e old da ta wi th 
l a r g e e r r o r l i m i t s ob t a ined u n d e r l a b o r a t o r y cond i t ions d i f fe ren t f r o m the 
a c t u a l o p e r a t i n g cond i t i ons of the s t e a m g e n e r a t o r ; and t h e r e i s no q u a n t i t a t i v e 
i n f o r m a t i o n on how^ the r e a c t i o n p r o c e e d s at the l e a k s i t e . As a r e s u l t , s e v 
e r a l a s s u m p t i o n s had to be m a d e and the r e s u l t s g iven in S e c . IX a r e dependen t 
on t h e s e a s s u m p t i o n s . 

The c o n t e n t i o n i s t h a t the m a t h e m a t i c a l m o d e l i s c o r r e c t , s i n c e it i s 
d e v e l o p e d f r o m b a s i c p r i n c i p l e s . V a l u e s a s s u m e d for c u r r e n t l y unknown 
p a r a m e t e r s wi l l be r e p l a c e d wi th r e l i a b l e e x p e r i m e n t a l da t a , a s t h e y b e c o m e 
a v a i l a b l e . In the m e a n t i m e , the C C T L - D Y S P wi l l be u s e d p r i m a r i l y to p r e d i c t 
t he r e s p o n s e of the h y d r o g e n and oxygen d e t e c t o r s d u r i n g s t e a m - g e n e r a t o r 
l e a k - d e t e c t i o n e x p e r i m e n t s in the C C T L . 



Appl i ca t i on of the C C T L - D Y S P to a C R B R P s t e a m - g e n e r a t o r s i m u l a 
t ion w^ill r e q u i r e s o m e c h a n g e s in the r o u t i n e s and add i t i ona l input . F o r ex 
a m p l e , t h e p r o g r a m shou ld a c c o u n t for ( l ) t e m p e r a t u r e v a r i a t i o n f r o m s e g m e n t 
to s e g m e n t ( e i t h e r to be c a l c u l a t e d o r supp l i ed a s input ) , (2) h y d r o g e n diffusion 
t h r o u g h the s t e a m - g e n e r a t o r w a l l s , and (3) o the r s o u r c e s and s inks of h y d r o g e n 
and oxygen t h a t m a y be s ign i f i can t . T h e s e c h a n g e s wi l l no t affect t he p r o g r a m 
s t r u c t u r e ; r a t h e r t h e y -will add t e r m s to the h y d r o g e n and oxygen s o u r c e s in 
the a p p r o p r i a t e r o u t i n e . 



APPENDIX A 

Mathemat ical Model Used in CCTL Dynamic 
Simulation P r o g r a m (CCTL-DYSP) 

The equations and notations descr ibed in this appendix a re identical to 
those used in CCTL-DYSP; a lgebra ic operat ions a re v/ritten most ly in 
FORTRAN symbol ics . 

1. An Ideal Mixing Plenura 

In "ideal mixing" it is assumed the inlet s t r eam of sodium into a s eg 
ment is instantly and totally mixed with the sodium in the segment. The equa
tions descr ibing concentrat ion changes of the four react ion products (i.e., CI 
for NaH, C2 for NaOH, C3 for NazO, and C4 for hydrogen) a r e 

DCI(I) = (W(I)*(C1(II) - C1(I)) +CC1)/M(I) +S1(I), (A.l) 

DC2(I) = (W(I)*(C2(II) - C2(I)) + CC2)/M(I) + S2(l), (A.2) 

DC3(I) = (W(I)*(C3(II) - C3(I)) + CC3)/M(I) + S3(l), (A.3) 

and 

where 

DC4(I) = (W(I)*(C4(II) - C4(I)) + CC4)/M(I) + S4(l), (A.4) 

DC1-DC4 = t ime der ivat ives of the appropr ia te reac t ion-product 
concentra t ions , 

I = index of the var iab les or number of node for which concen
t ra t ions a r e calculated, 

II = index number of the segment from which the main flow 
en te r s the Ith segment (usually II = I - l), 

M ( I ) = m a s s of the Ith segment, 

W(l) = total flow through the Ith segment, 

and CC1-CC4 account for concentrat ion changes other than those due to the 
m a i n - s t r e a m inlet and outlet for the four reac t ion products . 

For mult iple en t ry nodes, the following equations apply: 

For node 22, 

CCl = WEX*(C1(3) - C1(21)). (A.5) 



For node 27, 

CCl = WT1*C1(50) + WT3*C1(48) + WT4*C1(46) - WDET*C1(27), (A.6) 

where 

WDET = WTl + W T 3 + WT4. (A.7) 

F o r node 29, 

CCl = WCT*(C1(43) - Cl(28)). (A.8) 

The S t e r m s in E q s . A . l - A . 4 a r e the reac t ion-produc t sources resul t ing 
from p r i m a r y or secondary reac t ions and a re given by 

SI (I) = KK1*QS(I)/M(I) - DN7\H, (A.9) 

S2(I) = KK2*QS(I)/M(I) - DNAOH, (A. 10) 

S3(I) = KK3*QS(I)/M(I) + DNAOH, (A.U) 

and 

S4(I) = KK4*QS(I)/M(I) + (DNAH + DNAOH)*0.5 - W H / M ( I ) , ( A . 1 2 ) 

where 

QS(l) = leak r a t e at the Ith node, 

WH = r a t e of hydrogen escape from the segment into the cover -gas 
plenum, 

DNAH = R R 1 * C 1 ( I ) , ( A . 1 3 ) 

DNAOH = R 3 * C 2 ( I ) , ( A . 1 4 ) 

RRl = NaH dissociat ion r a t e , 

RRl = 0.597*EXP(-3833/TK)*((PDIS - P H ) / P D I S ) ^ ( A . 1 5 ) 

TK = Kelvin t empera tu re of sodium, 

TK = (TEMP - 32) / l .8 + 273, (A.16) 

TEMP = sodium t empera tu re (in °F), which is an input value, 

PDIS = NaH dissociat ion p r e s s u r e , 
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PH = hydrogen par t ia l p r e s s u r e , 

and 

R3 = NaOH dissocia t ion r a t e , -which is an input value. 

Finally, the actual values of the reac t ion-product concentrations a re 
obtained by integrat ing the der ivat ives in Eqs . A . l -A .4 by an integration rou
tine. P re sen t ly a s imple Euler formula is used, but any integration procedure 
can be chosen. 

2. Node -with Cover Gas 

The t e r m WH in Eq. A.12 is given by 

WH = R1*(C4(I) - CHNA) for CHNA > C4(l), (A. 17) 

where 

RI = hydrogen-gas disengagement constant, 

CHNA = hydrogen concentrat ion in sodium that would be achieved under 
equi l ibr ium conditions according to S iever t s ' constant, 

CHNA = KS*SQRT(PH), (A. 18) 

and 

KS = S i e v e r t s ' constant, 

KS = EXP(1.9733 - 276 . 7 7 / T K ) * 4 5 3 . 6 / 2 . 0 1 1 6 * 1 0 "^ (A.19) 

The par t ia l hydrogen p r e s s u r e PH in the cover gas is calculated from 
the ideal gas la-vvs, and is given by 

DPH = (WHPU + W H C T ) * 5 5 4 * T P L E N / V P L E N , ( A . 2 0 ) 

where 

WHPU = hydrogen gas escaping through the pump, 

W H C T = hydrogen gas escaping through the CCTL vesse l , 

TPLEN = absolute t empera tu re in the cover gas , 

TPLEN = TEMP + 460, 

and 

VPLEN = total volume of gas plenum, including the CCTL vesse l , the 
expansion tank, and the pump tank. 

Final ly, DPH is integrated to obtain PH. 



3. Pipe Node and Generat ing Delay Functions 

A pipe in the sys tem genera tes a t ime lag or holds up an event occur r in 
at the pipe inlet for a period equivalent to the passage t ime through the pipe. 

A t ime lag for a specified event is generated by storing the appropr ia te 
concentrat ions at the p ipe- in le t node along with appropr ia te t ime va lues . Each 
pipe segment is al located 100 m e m o r y locat ions. P ipe- in le t values a r e s tored 
initially at constant t ime in te rva l s . When the simulation s t a r t s , these values 
a r e s tored whenever a change l a rge r than PDEL in the pipe-inlet var iable o c 
cu r s ; PDEL is usually 0.5 or 1%. When the outlet var iab le of a pipe segment 
is requi red , the lag t ime T is f i rs t calculated by 

T = M ( I ) / W ( I ) . (A.21) 

Then the value of the var iab le is calculated by l inear interpolation of the two 
c loses t va r i ab le s available at t ime t - T in a pipe function. 

The secondary reac t ions in the pipe a r e accounted for by the following 
equat ions. Assuming FX 1, FX2, FX3, and FX4 a re the pipe-outlet va r iab les 
at t ime t - T, the t rue pipe-outlet concentrat ions a r e given by 

Cl( l ) = FXl +S1(I)*T, (A.22) 

C 2 ( I ) = FX2 +S2(I)*T, (A.23) 

C3(I) - FX3 +S3(I)*T, (A.24) 

C4(I) = FX4+S4(I)*T, (A.25) 

w^here 

S1(I) = -RR1*FX1, (A.26) 

S2(I) = -R3*FX2, (A.27) 

S3(I) = -S2(I), (A.28) 

and 

S4(I) = -(S1(I) + S 2 ( I ) * 0 . 5 . (A.29) 

4. Cold T r a p 

The cold t r ap causes react ion products to prec ip i ta te at a ra te 

W42 = B E T A * ( C 1 ( 4 2 ) - CISAT), (A.30) 
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and 

W420 = BETA*(C3(42) - C3SAT), (A.31) 

where 

W42 = precipi ta t ion ra t e of NaH, 

W420 = precipi ta t ion r a t e of Na20, 

BETA = dynamic co ld - t r ap efficiency, 

CISAT = sa tura t ion concentrat ion of NaH, 

CISAT = 453.6*10"V23.9983*EXP(13.93 - 6631 . 4 / T C L T ) , ( A . 3 2 ) 

C3SAT = sa tura t ion concentrat ion of Na20, 

C3SAT = 453.6*10"V6l-98*EXP(l6.131 - 6 4 9 3 . 3 / T C L T ) , ( A . 3 3 ) 

•where 

T C L T = absolute co ld - t r ap t empe ra tu r e 

TCLT = (TCLT - 32) / l . 8 +273 (A.34) 

5. Detec tors 

The derivat ive of a hydrogen-detec tor r e sponse is given by 

D P P = (CDl + CD4 - CDET(N))/TDLE(N), (A.35) 

•where 

T D L E ( N ) = diffusion delay t ime of Nth hydrogen detector , 

C D E T ( N ) = r e sponse of Nth detector obtained by integrating D P P or 
the detector in ternal hydrogen concentration, 

CDl - (FXl + SD1*TAU)*1.0083*10V453.6, (A.36) 

and 

CD4 = (FX4 + SD4*TAU)*2.0166*10V453.6. (A.37) 

FXl and FX4 a re hydride and hydrogen concentrat ions, respect ively , at the 
outside of detector m e m b r a n e , and a r e equal to the moni tored segment concen
t ra t ion at t ime TIME - TAU, where TAU is given by 

TAU = M(N1)/W(N1) + TLAG(N). (A.38) 



In Eq. A.38, M ( N 1 ) and W(Nl) a r e the m a s s and the flow ra te of the 
moni tor ing bypass pipe segment, and T LAG is the t ime lag of the Nth de tec tor . 
The hydrogen-detec tor r e sponse in ppm is obtained by integrating Eq. A.35. 
The oxygen-detector r e sponse is calculated from 

D P P = (CD3 - CDET(N))/TDLE(N), (A.39) 

where 

CD3 = (FX3 +SD3*TAU)*16.0*10^453.6 

and 

SD3 = R3*FX2. (A.41) 

The oxygen-meter response is obtained by integrating Eq. A.39. The 
readout of the hydrogen m e t e r in the cover gas is propor t ional to the hydrogen 
par t i a l p r e s s u r e . The readout is converted to ppm by volume using the re la t ion 

CD4 = PH*10V(PH + PA), (A.42) 

where 

PH = hydrogen par t ia l p r e s s u r e 

and 

PA = a r g o n - c o v e r - g a s par t ia l p r e s s u r e . 

The detector r e sponse is calculated by integrating 

D P P = (CD4 - CDET(N))/TDLE(N), (A.43) 

where C D E T ( N ) is the detector r esponse , and T D L E ( N ) is the delay t ime of 
the Nth de tec tor . 

(A.40) 
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A P P E N D I X B 

D e s c r i p t i o n of C C T L - D Y S P 

A s i m p l i f i e d s c h e m a t i c of the s i m u l a t i o n p r o g r a m is shown in F i g . B . l . 
T h e p r o g r a m is w r i t t e n in F O R T R A N in a m o d u l a r f o r m . It h a s five ca l cu l a t i ng 

s u b r o u t i n e s , a c o o r d i n a t i n g m a i n p r o 
g r a m , two s e r v i c e s u b r o u t i n e s for 
p r i n t i n g and p lo t t ing r e s u l t s , and a 
s m a l l i n t e g r a t i n g r o u t i n e . 

The m a i n c o o r d i n a t i n g p r o g r a m 
f i r s t c a l l s the INIT r o u t i n e in -which 
da t a a r e r e a d in, in i t i a l v a l u e s a r e 
c a l c u l a t e d and p r i n t e d , and the pipe 
in i t i a l funct ion is se t up . The p r o g r a m 
t h e n p r o c e e d s to t h e d-ynamic p h a s e by 
i n c r e a s i n g t i m e by a t i m e s t e p , and 
i n c r e a s i n g the t i m e - s t e p c o u n t e r by 1. 

The f i r s t s u b r o u t i n e ca l l ed in 
the d y n a m i c s e c t i o n is SOURCE. T h i s 
r o u t i n e c a l c u l a t e s the s o u r c e of r e 
a c t i o n p r o d u c t s r e s u l t i n g f r o m any 
type of c h e m i c a l r e a c t i o n a t e a c h loop 
s e g m e n t . E q u a t i o n s A . 5 - A . 1 9 a r e 
so lved . 

The second r o u t i n e ca l l ed is 
INTEGR, which c o m p u t e s the d e r i v a 
t i v e s of a l l r e a c t i o n - p r o d u c t c o n c e n 
t r a t i o n s in the loop s e g m e n t s and pipe 
o u t l e t s . T h i s r o u t i n e h a s a c c e s s to 
the P I P E s u b r o u t i n e to c o m p u t e p i p e -
ou t l e t c o n c e n t r a t i o n s , and to the INTGI 
r o u t i n e , wh ich p e r f o r m s the a c t u a l 
i n t e g r a t i o n . 

The m a i n p r o g r a m then a c 
c e s s e s the D E T E C T s u b r o u t i n e , wh ich 
c o m p u t e s the a p p r o p r i a t e d e t e c t o r 

Fig. B 1. Simplified Schematic Flow- r e s p o n s e s . 
chart of CCTL-DYSP 

After the var iab les for a t ime 
step have been calculated by appropr ia te integrat ion of the differential equa
tions, the p r o g r a m updates the inlet var iab les for the pipe segments by calling 
P IPE . The p r o g r a m then en te rs the PRIT routine, and, if requested, some data 
such as detector r e sponses and concentrat ions at some of the nodes a re printed. 



Every TPR s e c o n d s - - a s de termined by the input p a r a m e t e r - - a complete "map" 
of the sys tem is printed, which includes der iva t ives , sources , and actual con
centrat ion of the four react ion products at each segment and pipe outlet. The 
SPLOT routine is entered next, and u s e r - s e l e c t e d data a r e s tored in a specific 
file for la ter plotting. 

Finally, the p r o g r a m checks the t ime; if it is l e ss than the p r e d e t e r -
rained length of simulation, a t i m e - s t e p calculation is repeated . If the t ime is 
equal to the final s imulat ion t ime , the p rog ram t e rmina te s by printing a final 
"map" of the sys tem and pr int-plot t ing the r e su l t s previously s tored in a file. 
The listing of the p r o g r a m is given in Appendix C, and the input data a re d e 
scr ibed in Appendix D. 
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A P P E N D I X C 

L i s t i n g of C C T L - D Y S P 

CCTL.FORT 
PRESENT DATE 8 / U / 7 b DSK20i 

5 
10 
15 
20 
25 
30 
35 
no 
as 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
U S 
120 
125 
130 
135 
lao 
las 
150 
155 
160 
165 
170 
175 
180 
165 
190 
195 
200 
205 
206 
210 
215 
220 
225 
230 
235 
2ao 
2a5 
250 
255 
260 

CCTL-DYSP: A DYNAMIC SIMULATION PROGRAM TO CALCULATE HYDROGEN 
AND OXYGEN CONCENTRATION IN WATER TO SODIUM LEAK EXPERIMENT IN 
THE CORE COMPONENT TEST LOOP. 

PROGRAM C A P A C I T Y : 
50 SEGMENTS 
7 DbTECTORS 
a REACTION PRODUCTS CONCENTRATIONS 
1 COMBINED COVER GAS PLENUM 
1 COLO TRAP 

•C 

C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
•c 

c****** 
Zn»»»ttn 
C# 
C# 

*************: A * * * * * * * * * * * * * * * * * K n x x K X K jm w K x x * * * * * * * * * * * V O C A B U L A R Y »» 

»Uttftttn»ntt«unttuttttnu»*tuuuuunuuu»unitnn«#nunituuuuu»it«n»ituu»ituu 

ZM 
Ctf 
C*» 
Cn 

c# 
CM 
CO 
C» 
C* 
C# 
C# 
C# 
c# 
c* 
c# 
c# 
c* 
c# 
c# 
c# 
c# 
c* 
c# 
c# 
c# 
c# 
c# 
c# 
c# 
c# 
c# 
c« 
c* 

A -
ABS 

BET 
CI 
CIS 
C2 
C3 
ca 
COE 
FIG 
FIN 
IC 
ICT 
IQ 
JPL 
JPR 
JT 
Kl 
K2 
K3 
Ka 
KH 
L -
LG 

M -
NAM 
NGR 
NOD 
NTY 

CROSS S 
- THE 

GRAP 
- RATE 
CONCEN 

T - SAT 
CONCEN 
CONCEN 
CONCEN 
- DETE 

IL - II 
IM - SI 
NODE N 

- NODE 
NUMBER 

- PLOTT 
- PRINT 
TIME S 
FRACTl 
FRACTI 
FRACTl 
FRACTI 
IF 1 W 

LENGTH 
SEGMtN 

ECTION 
HEADING 
HIC OUT 
AT WHI 

TRATION 
URAlION 
TRATION 
TRATION 
TRATION 
CTOR RE 
TLE GIV 
MULATTO 
UMBERS 
NUMBERS 

OF NOD 
ING COU 
ING COU 
TEP COU 
ON OF H 
ON UF H 
ON OF H 
UN UF H 

ATER LE 
UF SEGM 
1 lOENl 

AREA OF 
TO BE P 

PUT 
CH NAH I 
OF NAH 
CONCENT 
OF NAOH 
OF NA20 
OF H2 

AOING IN 
E TO A F 
N TIME F 
FOR WHIC 
FOR WHI 

E AT WHI 
NTER 
NTER 
NTER 
20 LEAK 

LEAK 
LEAK 
LEAK 
IF 2 

ENT (FT) 
IFICAl10 

SEGMENT (FT**2) 
RINTEO ALONG THE ABSCISAE OF 

S REMOVED IN THE CULO TRAP 
(MOL/LBJ 
RATION UF NAH AT COLD TRAP TEMPERAT 
(MUL/LB) 
(MOL/LB) 

(MOL/LB) 
PPM 

IGURE DRAWN BY THA CALCOMP PLOTTER 
OR THIS RUN IN (SEC) 
H CINCENTRATIONS TO Bt PLOTTED 
CH PPM CONC OF H2 IS PRINTED PER 
CH LEAKAGE MIGHT OCCURE 

STEP 

20 
20 
20 
AK, 

MASS OF SODIUM IN ShGM 
E - NAME OF APPROPRIATE 
AF - NO. UF CURVES TU B 
E - NUMBER OF NODE TU W 
PE - TYPE OF DETECTOR U 

TO: NA+H20SNAOH+1/2H2(G) 
T O : 2 N A + H 2 0 = N A 0 H + N A H 

TO: 3NA +H2052NAH+NA20 
TO: 2NA-t-H2O = NA20-»-H2 
HYDROGEN LEAK. 

N NUMBER: 0 NO SEGMENT 
1 PLENUM MIXED SEGMENT 
2 PIPE SEGMENT 
3 PLENUM MIXING WITH COVE 
5 PLENUM WITH COVER AND M 

ENT 
VECTOR TU BE PLOTTED 

E PRINTPLUTTED OR PLOTTED PER FIG. 
HICH DEIECTOR IS CONNECTED 
SED MONITORING AT SEGMENT 'NODE' 

******C 
#«##«»c 

#c 
.*c 
.#c 
.#c 
.*c 
.«c 
.»c 

URES.#C 
.#C 
.*C 
.#c 
.#c 
.#c 
.#c 
.•c 
.*c 
.#c 
.#c 
.#c 
.#c 
.*c 
.#c 
.#c 
.»c 

.»c 

.#c 

.#c 

.#c 
R GA.*C 
ULTE.«C 

.#C 

.#C 

.*c 

.#c 

.*c 
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265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
522 
325 
330 
335 
3ao 
3a5 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 
aoo 
ao5 
aio 
ai5 
a20 
a25 
a3o 
435 
aao 
aa5 
aso 
ass 
a60 
a65 
a7o 
a75 
aso 
a85 
a9o 
a95 
500 
SOS 
510 
515 
520 

CO. 
C#. 
C#. 
c#. 
c#. 
c#. 
c#. 
c#. 
c*. 
c#. 
c#. 
c#. 
c#. 
c#. 
c#. 
c#, 
c#. 

CO. 
CO. 
CO. 
CO. 
CO. 
CO. 
CO. 
CO. 
CO. 
CO. 
Co. 
C*. 
c*. 
CO. 
CO. 
CO. 
c*. 
CO. 
CO. 
CO. 
CO. 
CO. 
coo 

NUDET 
PA -
PDIS 
PDEL 
PH -
PRTl 

PRT2 
PRT3 
PRTa 
PRT5 

PTDL 
Q - H 
RI -
R2 -
R3 -
51 -
52 -
53 -
sa -
TQ -
TX -
TCLT 
IDLE 
TEMP 
TIME 
TLAG 
TMM -
TMT -
TPL -
TPR -
WCT -
WS -
WTl -
WT2 -
WT3 -
wia -

- NUMB 
ARGON P 
- NAH D 
- MAxiM 
HYDRUGE 
- IF TR 

PRINT 
- RESER 
- KESER 
- RESER 
- IF TR 

ABLES 
- MAXIM 
20 LEAK 
RATE OF 
RATE OF 
RATE OF 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
TIME AT 
TIME AT 
- COLD 
- OIFFU 
- SOOIU 
- CUREN 
- 1 IME 
TOTAL 
TOTAL 
PLOTIN 
PRINTI 
FLOW T 

TOTAL 
FLOW 
FLOW 
FLOW 
FLOW 

ER UF D 
ARTIAL 
ISSOClA 
UM PERM 
N PARTI 
UE INIT 
ED 
VEO 
VED 
VEO 
UE A CA 
WILL B 

UM PERM 
AGE IN 
H2 OIS 
NAH DI 
NAOH 0 

OF NAH 
OF NAOH 
OF NA20 
OF H2 ( 
WHICH 
WHICH 

TRAP TE 
SION TI 
M TEMPE 
T SIMUL 
LAG BET 
SODIUM 
COOLANT 
G INTER 
NG INTE 
HROUGH 
ODIUM F 
0 OETEC 
0 DETEC 
0 DETEC 
0 DETEC 

ETECTORS IN THE SYSTEM 
PRESSURE IN COVER GAS 
TION PRESSURE 
ITED CHANGE IN NODE 23 FOR PIPE UPDATA 
AL PRESSURE IN COVER GAS (MM-HG) 
lAL PIPE FUNCTION DISTRIBUTION WILL BE 

LCUMP 
E PRE 
ITED 
THE I 
ENGAG 
SSUCi 
ISSOC 
(MOL/ 
(MOL 
(MOL 

MUL/S 
LEAKA 
LEAKA 
MPERA 
ME CO 
RATUR 
ATION 
WEtN 
MASS 
IRAN 

VAL ( 
RVAL 
THE C 
LOW I 
TOR 
TUR 
TOR 
TOR 

580 PLOT OF THE PREDETERMINED VARI-
PARED 
TIME INTERVAL FUR PIPE UPDATE 
-TH NODE (LBS/SEC) 
EMENT FROM LIQUID NA TO COVER GAS (SEC 
ACION NAH=NA+H (SEC-1*MM-HG-2) 
lATION NA0H+NA=NA20+H (SEC-1) 
SEC) 
/SEC) 
/SEC) 
EC) 
GE AT 1-TH NODE STARTS (SEC) 
GE AT I-TH NODE TERMINATES (SEC) 
TURE (DEG F OR K) 
NSTANT FOR DET. NICKEL MEMBRANE (SEC) 
E (DEG F) 
TIME (SEC) 

DETECTOR SAMP.LINE INLET AND DETECTOR 
IN CCTL (LBS) 
SIT TIME (SEC) 
SEC) 
(SEC) 
OLD TRAP IN (GPM) 
N CCTL (GPM) 
1 (LBS/SEC) 
2 (LBS/SEC) 
3 (LBS/StC) 
a (LBS/SEC) 

«##OOOOOOOOOOO0OOOOOOOOOOOOOOOOOffO««»OOOOOOOOOOOOOOOOOOOOOOOOOO 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 
-1).*C 

.#c 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 
(SE.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 

.OC 
....««C 
o#oooc 

COMMON /BLK/ L»A,M,Cl,C2,C3,Ca,LG,wS,WCT,WTl,WT2,WT3,wTa,wEX,TEMP, 
C FlNTlM,RONA,DTMIN,0TMAX,Sl,S2,S3,Sa,JT,KS,TPR,I0, ICT,W,JCT, 
C WR,wA,WX,WB»WCrW0,WE,Q,TQ,TX,QS,PDIS,PH»PA,Kl,K2,K3,Ka,Rl,R2,R3» 
C WHCT,WHPU,TPLEN,VPLEN,IC,TPL,CMNA,RR1,QX,UXT,QHT,C1SAT,BETA, 
C ALFA,TMM,NPlCT,NGRAF,NVECT,NAMt,IPI,NUDET,NOOE,NTYPE, 
C TLAG,CDET,TOLE,C3SAT,PDEL,FIGTIL,PTDL,KH 
COMMON /LUG/ TITLE,PRri,PRT2,PRT3,PRTa,PRTS 
COMMON /DUB/ TIME,DELT,DC1,DC2,UC3,oca,ABSC 
REAL*a L(50),A(50),M(SO),Cl(50),C2(50),C3(50),Ca(50),w(bO) 
REAL*a Sl(50),S2(50),S3(S0),Sa(S0),Q(8),TU(b),TX(8),QS(50) 
REAL*a Kl,K2,K3,Ka,KS,TITLE(18),TLAG(7),CDET(7),TDLE(7) 
R E A L * « 0Cl(50),DC2(50),DC3(50),DCa(50),TlME,DELT,ABSC(a,10) 
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CCTL.FORT 

525 
530 
535 
sao 
sas 
550 
555 
560 
565 
570 
575 
580 
585 
590 
595 
600 
605 
610 
615 
620 
625 
630 
635 

6ao 
6a5 
650 
655 
660 
665 
670 
675 
680 
685 
690 
695 
700 
705 
710 
715 
720 
725 
730 
735 
7ao 
7as 
750 
755 
760 
765 
770 
775 
760 
785 

LOGICAL PRTl,PRr2,PRT3,PRTa,PRTS 
DIMENSION LG{50),IQ(8),IC(8),ICT(8),NGRAF(10),NVECT(10,5), 

C NAME(10,15),1PI(50),NODE(7),NTYPE(7),FIGTTL(15,10) 

10 

c**** 
c**** 

20 

92 

CALL 
LV = l 
QXT = 
CaOL 
TOLD 
GOTO 
STAR 
TIME 
JT=J 
CALL 
CALL 
CALL 
UPDA 
0.5 
TIM = 
CHNG 
CHTM 
IF(A 
TOLD 
CaOL 
DEL = 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
PERF 
QX = 0 
OHT = 
DO 9 
1F(L 
QHTs 
QX = Q 
CONT 
QXTs 
OHTs 
ALFA 
CALL 
CALL 
TIMs 
LV = 2 
IF(F 
CALL 
CALL 
STOP 

INIT 

0. 
0 = 
= 0 
2 

T 
sT 
T + 
S 
I 
D 

TE 
SE 
TI 
= ( 
= T 
BS 
= T 
D = 
DE 
P 
P 
P 
P 
P 
P 
P 
P 
P 

OR 

C a ( 2 3 ) 
• 
0 
TIME DE 
IME+DEL 
1 
OURCE 
NTEGR 
ETECT 
PIPE 

CONDS 
ME 
CaOLD-C 
IM-TOLD 
(CHNG). 
IM 
Ca(23) 
LT 
IPE(TIM 
IPE(T1M 
IPE(TIM 
IPE(TIM 
IP£(T1M 
IPE(TIM 
IPE(T1M 
IPE (TIM 
IPE(T1M 
M TUTAL 

PENDENT CALCULATIONS 
T 

FUNCTIONS IF CHANGE > PDEL OR ELAPSED TIME MORE THEN 

.0 a(23))/CaOLl 

LT.POEL.AND.CHTM.LT.PTDL) GOTO 20 

,D£L,0.0,l,Cl(l),C2(l),C3(l),Ca(l)) 
,OEL,0.0,2,Cl(3),C2(3),C3(3),Ca(3)) 
,DEL,0.0,3,Cl(23),C2(23),C3{23),Ca(23)) 
,DEL,0.0,a,Cl(27),C2(27),C3(27),ca(27)) 
,DEL,0.0,5,Cl(29),C2(29),C3(29),ca(29)) 
,D£L,0.0,6,Cl(6),C2(6),C3(6),Ca(6)) 
,OEL,0.0,7,C1(25),C2(25)fC3(25),Ca(25)) 
,OEL,o.o,8,ci(a2),c2(a2)/C3(a2),ca(a2)) 
,DEL,0,0,10,RR1»PH,CHNA,0.0) 
HYDROGEN BALANCE CALCULATIONS FOR THIS TIME STEP 

0. 
2 1 = 
G(I) 
QHT + 
XtQS 
INUE 
QXT-f 
QHT + 
= (0. 
SPL 
PRI 

TIME 

1,50 
.EQ.O) GOTO 92 
(0.5*Cl(I)t0.5*C2(I)+Ca(I))*M(I) 
(I) 

OX*DELT 
PH*VPLEN/(1PLEN* 
5*C1(ICT(1))+Ca( 
OT(LV) 
T (L V ) 

ssa.O) 
ICT(1)))*TMM/QHT 

INlIM-TIM.GT.DELT/2) 
PRIT(3) 
S P L O T ( 3 ) 

GOTO 10 

http://LT.POEL.AND.CHTM.lt
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790 
795 
800 
605 
810 
815 
820 
825 
830 
835 
8ao 
8a5 
850 
855 
860 
865 
870 
875 
880 
885 
890 
695 
900 
905 
910 
915 
920 
925 
930 
935 
9ao 
9as 
950 
955 
960 
965 
970 
975 
980 
985 
990 
995 
1000 
1005 
1010 
1015 
1020 
1025 
1030 
1035 
loao 
loas 
loso 

END 

SUBROUTINE INIT 
THIS SUBROUTINE INITIALIZES 
AND SUPPLIES DEFAULT VALUES 

THE PROGRAM, READS INPUT DATA 
TO DATA NOT IN INPUT STREAM 

•C 
C 
C 
C 
c 
c 
•C 

SUBROUTINE INIT 
COMMON /BLK/ L,A,M,Cl,C2,C3,Ca,LG,WS,wCT,wTl,WT2,WT3,WTa,wEX,TEMP, 

C FINTlM,RONA,DTMIN,DTMAX,Sl,S2fS3,Sa,JT,KS,TPR,I0,ICT,W,JCT, 
C WR,WA,wX,WB,WCfWDfWE»Q,TQ,TX,QS,PDIS,PH,PA,Kl,K2,K3,Ka,Rl,R2,R3f 
C wHCT,WHPU,TPLEN,VPLEN,IC,TPL,CHNA,RR1,QX,QXT,QHT,CI SAT,BETA, 
C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NOOE,NTYPE, 
C TLAG,CDET,T0LE,C3SAT,PDEL»FIGTTL,PTDL,KH 
COMMON /LOG/ TITLE#PRT1,PRT2,PRT3,PRTa,PRT5 
COMMON /Due/ TIME,DELT,DC1,DC2,DC3,oca,ABSC 
REAL*a L(50),A(50),M(50),Cl(50),C2(50),C3(50),Ca(50),W(S0) 
REAL*a Sl(50),S2(SO),S3(50),Sa(50),Q(8),TQ(8),TX(8),QS(50) 
REAL*a Kl,K2,K3,Ka,KS,TITLE(18),TLAG(7)»CDET(7)»TDLE(7) 
REAL*8 DCl(S0),UC2(50),DC3(50),OCa(50),TlM£,OELT.A8SC(a,l0) 
LOGICAL PRTl,PRT2,PRT3,PRTa,PRTS 
REAL*a MOL 
DIMENSION LG(50),IQ(8),IC(8),IC[(8),NGRAF(10),NVECT(10,5), 

C NAM£(10,15),IPI(SO),NODE(7),NTYPE{7),FIGTTL(1S,10) 
DIMENSION ADAT(20) 
DATA PI/3.1416/,CFPG/.13368981/,ADA/'9999'/ 

1 READ 180,A0AT 
PRINT 190,ADAT 
IF(ADAT(1).NE.A0A) GOTO 1 
REWIND 5 
NAMELIST /INLST/ L»LG,A,C1,C2,C3,C4,Q,TQ,TX,IQ,IC,ICT 

C /PARM/ TEMP,wS,WCT,WTl,WT2,PH,PA,Kl,K2,K3,Ka,Rl,R3,BETA,CISAT, 
C WT3,WTa,WEX,FINTIM,DELT,DTMIN,DTMAX,TPR,VPLEN,TPL,JCT, 
C PRT1,PRT2,PRT3,PRTa,PRTS,BE IA,TCLT,PDEL»PTDL,KH 
C /DTCTR/ NUDET,NODE,NTYPE,IDLE,TLAG 
READ 200/TITLE 
READ (5,INLST) 
READ (5,PARM) 
READ (5,DTCTR) 
READ 210 
READ 170,NPICT 
READ 170»NGRAF 
DO 3 N=1,NPICT 
NNSNGRAF(N) 
READ I70f(NV£CT(N,I),Isl,NN) 
READ 220, ((NAME(N, (I-l)*3-rJ),J=l,3),I = l,NN) 
READ 230»(A8SC(l,N),I=l,a) 
READ 200#(FIGTTL(I,N),I=1,15) 

3 CONTINUE 
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1055 
1060 
1065 
1070 
1075 
1080 
1085 
1090 
1095 
1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
iiao 
lias 
1150 
1155 
1160 
1165 
1170 
1175 
1180 
1185 
1190 
1195 
1200 
1205 
1210 
1215 
1220 
1225 
1230 
1235 
124 0 
1245 
125 0 
1255 
1260 
1265 
1270 
1275 
1280 
1285 
1290 
1295 
1300 
1305 
1310 
151S 

RONAs59.566-T£Mp*(7.950aE-3+TEMP*(2.872E-7-TEMP*6.035E-ll)) 
MOL=a53.6/18.02 
QX = 0. 
QXT=0. 
WS=wS*CFPG*RONA/60. 
WCT=WCT*CFPG*RONA/60. 
WT1=WT1*CFPG*RONA/60. 
WT2=wT2*CFPG*RONA/60. 
WT3=WT3*CFPG*RONA/60. 
WTaswTa*CFPG*RONA/60. 
WEX=wEX*CFPG*RONA/60. 
WA=WS-WEX 
WX=WA-WT1-WT2 
WB=WX+WEX 
WC=W8-WT3 
WD=WC-WTa-WCT 
WE = WD + WTl•^WT2 + WT3 + WTa 
WRswE+WCT 
TMMsO. 
DO 5 1=1,8 

5 Q(I)=Q(I)*MOL 
CI (1)=C1 (l)*a53.6/23,9986 
C2tl)=C2(l)*453.6/39.9983 
C3(1)=C3(1)*453.6/61.98 
C4(l)=Ca(l)*453.6/2.0166 
TCLT=(TCLT-32.0)/l.8+273.0 
CISA 1 = 453.6E-6/23.9983*EXP(13.97-6631.4/TCLT) 
C3SAT=453.6E-6/6l.98*EXP(16.131-6493.3/TCLT) 
IF(C1(1).EQ.0.0) C1(1)=C1SAT 
1F(C3(1).EQ.0.0) C3(1)=C3SAT 
DO 10 1=1,50 
IPI(I)=0 
C1(I)=C1(1) 
C2(I)=C2(1) 
C3(I)=C3(1) 
C4(I)=C4(1) 
XF(LG(I).NE.O) GOTO 9 
C3(I)=0. 
C4(n = 0. 
C1(I)=0. 
C2(l)=0. 

9 w a ) = o. 
SI (I) = 0. 
S2(I)=0. 
S3(l)=0. 
sa(i)=o. 
QS(n=o. 
M(I)=L(I)*A(I)*RUNA 
FMMsTMM + M d ) 
DC1(I)=0. 
DC2(I)=0. 
DC3(I)=0. 
DC4(I)=0. 



60 

CCTL.FORT 

1320 
132S 
1330 
1335 
i3ao 
1345 
1350 
1355 
1360 
1365 
1370 
1375 
1380 
1385 
1390 
1395 
1400 
1405 
1410 
1415 
1420 
1425 
1430 
1435 
laao 
laas 
laso 
lass 
ia60 
ia65 
ia70 
ia75 
laso 
ia85 
ia90 
1495 
1500 
1505 
1510 
1515 
1520 
1525 
1530 
1535 
1540 
1545 
1550 
1555 
1560 
1565 
1570 
1575 
1580 

10 
C**** 

12 

13 

14 
11 

15 

C 
C**** 

20 

CON 
INI 
DO 
NTP 
GUT 
cot 
GUT 
CDE 
GOT 
CDE 
CON 
Mt4 
Mca 
M(5 
TM = 
DO 
TM = 
TM = 
TMT 
IPS 
CAL 
TKs 
TPL 
KS = 
PDI 
R2 = 

riNU 
TIAL 
11 N 
sNTY 
0 (1 
T(N) 
0 11 
T(N) 
0 11 
T(N) 
TINU 
6)=M 
8)=M 
0)=M 
0. 
15 I 
TM + M 
TM-M 
= TM/ 
0 
L PI 
(TEM 
EN = T 
EXP( 
S = EX 
0.59 

IZt DETECTOR READING 
=1,NUDET 
PE(N) 
2a3,i4), NTP 
= (0.5*C1 (l)+Ca(l))*2.0l6t>E-t'6/453.3 

=C3(l)*lb,0E+o/453.3 

= PH*l.0£+b/(PA-fPH) 
E 
(a6)-)-M(45) 
(46)+Ml47) 
(5U)+M(49) 

= 1,30 
(I) 
(6) 
WS 

PE(TIME,DELT,0.,IP,Cl(l)fC2(l),C3(l),Ca(l)) 
P-32.)/l.8+273. 
EMP+a60. 
I.9733-276.77/TK)*aS3.6/2,0116*1.E-6 
P(26.7l-iaoa6.0/TK) 
7*EXP(-5833/TK) 

CALCULATE TOTAL FLOW THROUGH EACH SEGMENT 
W(1)=WR 
W(2)=wS 
W(3)sWS 
W(a)=wA 
W(5)=wA 
W(6)=WT1+WT2 
W(7)=WA 
DO 20 1=8,21 
W(I)=WX 
W(22)=WB 
W(23)=WB 
w(2a)=wc 
W(25)=WC 
W(26)=WD 
W{27)=WE 
W(28)=WE 

W(29)=WR 
W(30)=WR 
W(4l)=WCT 
W(a2)=WCT 
w(a3)=WCT 
W(45)=WTa 
w{a6)=wTa 
W(47)=WT3 
w(48)=wT3 
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1585 
1590 
1595 
1600 
1605 
1610 
1615 
1620 
1625 
1630 
1635 
16a0 
I6as 
1650 
1655 
1660 
1665 
1670 
1675 
1660 
1665 
1690 
1695 
1700 
1705 
1710 
1715 
1720 
1725 
1730 
1735 

i7ao 
17as 
1750 
1755 
1760 
1765 
1770 
1775 
1780 
1785 
1790 
1795 
1800 
1805 
1810 
1815 
1820 
1825 
1830 
1835 
laao 
I8as 

c**** 

c 
c**** 

99 
100 
uo 

w(a9 
W(50 
SET 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
IPK 
BETA 
CALL 
CALL 

PRIN 
PRIN 
PRIN 
PRIN 
YKU 
YK2 = 
YK3 = 
YKa= 
PRIN 
PRIN 
PRIN 
PRIN 
PRIN 
RETU 
FORM 
FORM 

) = WT1 
)=WT1 
APPROPRIATE PIPE FUNCTION NUMBERS TO PIPE SEGMENTS 
2) = 1 
a)=2 
24): 
47)=: 
48)=; 
26)si 
30)=^ 
41) = -
45)=; 
46) = ; 
49)=< 
50)=< 
a3)=J 
= BET. 
SOUf 
PIPf 

:3 
:3 
:3 
:4 
:5 
:7 
• 7 
:7 
:6 
:6 
:6 
A*W( 
)RCE 
'E(Ti 

42)/M(a2) 

ME,OELT,0.0,10,RR1»PH,CHNA,0.0) 

T IM 
T 300 
T 100 
T UO 
K2 + 2. 
K1+K2 
K3 + K4 
0.5*K 

TIAL DATA 
,TITL£ 

, IQ,Q,TQ,TX 
*K3 

C ' 
C ' 
c • 

120 FORM 
130 FORM 

C 
C 
C 
C 
C 
C 
C 
c 
c 
c 

140 FORM 
C/30X 

T 
T 
T 
T 
T 
RN 
A T d H 
A K I H 
THE L 
THE L 
THE L 
AT( 
AT( 

1 + K 4 
» K 1 , K 2 , K 3 » K 4 , Y K 1 , Y K 2 , Y K 3 , Y K 4 
, P D I S 
, T E M P , T K , R 0 N A , T M M , V P L E N , B £ T A , C 1 S A T , C 3 S A T , T M T , T C L T , K S 

, W S , W C T , W T 1 , W T 2 , W T 3 , W T 4 , W E X , W A , W X , W B , W C , W D , W E , W R 

AT( '0 
, 'WCT 

,' LEAKAGE DATA FUR THIS CASE ARE:') 
0,'FOR NUDE SEGMENT 0 ',8112/ 
EAKAGE IN MOL/SEC IS',8E12.4/ 
EAK STARTS A( TIME -',6F12.2/ 
EAK IS TERMINATED AT',8F12.2/) 
THE NAH DISSOCIATION PRESSURE IN MM-HG IS 
SODIUM TEMPERATURE IN (DEG-F)IS 
SODIUM TEMPERATURE IN (DEG-K) IS 
SODIUM DENSITY IN (LBS/CUF) IS 
TOTAL WEIGHT OF SODIUM IN THE SYSTEM (LB) 
COVER GAS PLENUM VULUMt (CUF) 
COLO TRAP DYNAMIC EFFICIENCY (l/SEC) IS 
NAH SATURATION CONC. AT COLO TRAP(MOL/LB) 
NA20 SATURATION CNC. AT COLO TRAP(MOL/LB) 
TOTAL TRANSIT TIME IN CCTL (SEC) IS 
COLD TRAP TEMPERATURE IN (DEG-K) IS 
SIEVERTS CONSTANT IN (MOL/(LB*T0RR**-2)) 
TOTAL SODIUM FLOW IN (LBS/SEC) IS 
•,9X,F12.a/30X,'WTl',9X,F12.a/30X,'WT2',9X 

,F12.3) 
,F12.2/ 
,F12.2/ 
,F12.2/ 
,F12.2/ 
,F12.2/ 
,Ei2.a/ 
/E12.4/ 
,E12.4/ 
,F12.2/ 
fF12.2/ 
,E12.4) 
',F12.4, 
,F12.a/ 
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1850 
1855 
1860 
1865 
1870 
1875 
1880 
1885 
1890 
1895 
1900 
1905 
1910 
1915 
1920 
1925 
1930 
1935 
i9ao 
I9as 
1950 
1955 
1960 
1965 
1970 
1975 
1960 
1965 
1990 
1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 
2035 
20ao 
20a5 
2050 
2055 
2060 
2065 
2070 
2075 
2080 
2085 
2090 
2095 
2100 
2105 
2106 

C 30X 
C 30X 
C 30X 
C 30X 

170 FORM 
150 FORM 

C 
C 
C 
C 
C 
C 
C 

160 FORM 
C ' T 
C F5. 

180 FORM 

T3 

190 
200 
210 
220 
230 
300 

FORM 
FuRM 
FORM 
FORM 
FORM 
FORM 
END 

I 

, 'WA 
» 'WC 
, 'WR 
ATdO 
ATdX 

IX 
IX 
IX 
IX 
IX 
IX 
IX 

AT(IHO 
0 NODE 
2,'SEC 
AT(20A 
ATdOX 
AT(ISA 
AT(SOX 
AT(5(3 
AT(aA8 
ATCl" 

»9X,F 
,9X,F 
»9X,F 
»9X,F 
I2UX 
Fa.2, 
F4.2, 
F4.2, 
Fa.2, 
Fa.2, 
F4.2, 
Fa.2, 
F4.2, 

DE 
12 

12.a/30X,• 
12.4/30X,' 
12.4/30X, • 
12.4//) 
)) 

WTa',9X,F12.4/30X,'wEX',9X,F12.a/ 
WX ',9X,F12.a/30X,'WB ',9X,F12.a/ 
WO ',9X,F12,a/30X,'WE ',9X,F12,a/ 

OF 
OF 
OF 
OF 
MOL 

THE 
THE 
THE 
THE 
UF 

' MUL OF 
' MOL OF 
' MOL OF 
TECTOR NO 
, ' HAS A L 

EAK GOES TO 
EAK GOES TO 
EAK GOES TU 
EAK GOES TO 
HE LEAK IS T 
HE LEAK IS T 
HE LEAK IS T 
HE LEAK IS 1 
•,IU ' OF TY 
AG OF •,F5.2 

NA+H2O=NA0H+l/2H2(G)'/ 
2NA+H20=NAOH+NAH'/ 
aNA+H20=2NAH+NA20'/ 
2NA+H20=NA20+H2'/ 

RANSFORMEO TU NAH'/ 
RANSFORMED TO NAOH'/ 
RANSFORMEO TO NA20'/ 
RANSFORMED TO H2(G)') 
PE ' ,l\,' IS CONECTED', 
'SEC AND A DELAY OF', 

') 
4) 
,20A4) 
4) 
) 
A4,IX)) 
) 
,20('*'),18Aa,20('*')//) 

SUBROUTINE SOURCE. 
IN THIS SUBROUTINE SOURCES AND SINKS OF THE REACTION PRODUCTS 
ARE CALCULATED 

•C 

C 
C 

C 
c * * * * 

SUbROU 
COMMON 

C F I N T I M 
WR,WA, 
WHCT »w 
ALFA,T 
TLAG,C 

COMMON 
COMMON 
REAL*4 
REAL*a 
REAL*a 
DIMENSl 

C NAMEd 
R£AL*a 
REAL*8 
LOGICAL 

CALCULA 
GOTO d 

TINE 
/ B L K / 
,RONA 
WX,WB 
HPU,T 
MM,NP 
DET,T 
/ L O G / 
/ D U 8 / 
L ( 5 0 ) 
S K S O 
K l , K 2 
ON LG 
O U S ) 
KKl ,K 
D C K S 

PRTl 

SOURCE 
L,A,M,C1 
»DTMIN,DT 
»WC,WO,WE 
PLEN,VPLE 
ICT,NGRAF 
DLEfC3SAT 
TITLE,PR 
TIME,DEL 

»A(50),M( 
),S2(50), 
,K3,Ka,KS 
(50),IQ(8 
, IPKSO), 
K2»KK3»KK 
0),DC2(50 
,PRT2,PRT 

»C2,C 
MAX,S 
fQ,TQ 
N,IC, 
»NVEC 
fPDEL 
T1,PR 
T,DCl 
50),C 
S3(50 
fTITL 
),IC( 
NODE( 
a 
),0C3 
3,PRT 

3,Ca,LG,WS,WCT,WTl,WT2,WT3,WTa,WEX,TEMP, 
l,S2»S3,Sa.JT,KS,TPR,IQ,ICT,W,JCT, 
,TX,QS,PDIS,PH,PA,Kl,K2,K3,Ka,Rl,R2,R3» 
TP|^»CHNA,RR1,QX,QXT,QMT,C1SAT,BETA, 
T,NAME,IP1,NUDET,N0DE,NTYPE» 
,FIGTTL,PTDL/KH 
T2fPRT3,PKTa,PR15 
,DC2,0C3,DC4,ABSC 
l(50),C2(50),C3(50),C4(50),w(50) 
),Sa(50),Q(8),TQ(d),TX(8),QS(50) 
E(18),TLAG(7),CDET(7)»TDL£(7) 
8),ICT(8),NGRAFdO),NVECTdO,5), 
7),NTYPt(7),FIGTTLd5,10) 

(50),DCa(50),TIME,DELT,ABSC(a,10) 
a,PRT5 

TE REACTION 
,3),KH 

RATES 
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2110 1 KK1=K2+2*K3 
2115 KK2=K1+K2 
2120 KK3=K3+Ka 
2125 KKa=0.5*Kl+Ka 
2126 GOTO a 
2127 3 KK1=2*K1 
2120 KK2=0 
2129 KK3=0 
2130 KKa=l.-Kl 
213a a RRl=((PDIS-PHj/P01S)*ABS((P01S-PH)/P0IS)*R2 
2135 CHNAsKS*SQRKPH) 
2iao C 
2ia5 C**** DETERMINE LEAKAGE SOURCES 
2150 DO 2 1=1,6 
2155 I2=IQ(I) 
2160 QS(I2)=0.0 
2165 IF(TIM£.G£.TQ(I).AND.TIME.LE.TX(I)) QS(I2J=Qd) 
2170 2 CONTINUE 
2175 C 
2180 C**** CALCULATE SOURCES IN MOL/SEC 
2185 DO 10 1=1,50 
2190 IF(LG(I).EQ.0.OR.LG(I),EQ,2) GOTO 10 
2195 DNAH=RR1*C1(I) 
2200 D N A 0 H = R 3 * C 2 ( I ) 

2205 11 S 1 ( I ) = K K 1 * Q S ( I ) / M ( I ) - D N A H 

2210 S2(I)=KK2*0S(I)/M(I)-DNAOH 
2215 S3(I)=KK3*QS(I)/M(I)+DNA0H 
2220 S4(I)sKKa*OS(I)/M(I)+(DNAH+DNAOH)*0,5 
2225 10 CONTINUE 
2230 C**** ACCOUNT FUR POSSIBLE BUBBLE MIGRATION IN THE CCTL VESSEL 
2235 W25=0. 
22ao W26=0. 
2245 WHCT=0. 
2250 WHPU=0. 
2255 IF(C4(25).LE.Ca(26)) GOTO 21 
"226 0 W25sRl*(Ca(25)-Ca(2b))*M(25) 
2265 21 IF(ca(2o).LE.Ca(27)) GOTO 22 
22 7 0 w26=Rl*(C4(26)-Ca(27))*M(26) 
2275 22 C27 = 0.5*(Ca(27)+Ca{26)+0.5*(Cl(«:7)+Cl(26))) 
2280 IF(C27.LE.CHNA) GOTO 23 
2265 WHCT=R1*(C27-CHNA)*M(27) 
2290 23 C01=0.5*(Ca(l)+ca(30)+0.5*(Cl (1)+C1(50))) 
2295 IF(COl.LE.CHNA) GOTO 24 
2300 WHPU=R1*(C01-CHNA)*M(1) 
2305 C**** ACCOUNT FOR CULO TRAP NAH REMOOVAL 
2310 24 w42=0.0 
2315 Wa20=0.0 
2320 IF(LG(42).EQ.O) GOTO 25 
2325 W42=BETA*(C1(42)-C1SAT) 
2330 Wa20=BETA*(C3(a2)-C3SAT) 
2335 IF(W42.LT.0.0) W42=0.0 
2340 IF(wa2O.LT.0.0) W42O=0.0 
2345 25 S4(25)=sa(25)-W2S/M(25) 
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2350 Sa(26)=sai?6)+(W25-W26)/M(26) 
2355 Sa(27)=Sai27)+(W26-WHLT)/M(27) 
2360 S4d)=S4d)-wHPU/Md) 
2365 SI (42)=SK42)-W42 
2370 S3(42)=S3(42)-W42Q 
2375 RETURN 
2360 END 
2385 
2390 C - - C 
2395 C C 
2400 C SUBROUTINE INTEGR. C 
2405 C IN THIS ROUTINE CONCENTRATION OF THE VARIOUS REACTION PRODUCTS C 
2m0 C FUR EACH SEGMENT ARE CALCULATED. C 
2415 C C 
242 0 C C 
2425 
2430 SUBROUTINE INTEGR 
2435 COMMON /BLK/ L,A,M,C1,C2,C3,Ca,LG,WS,WCT,WT1,WT2,WT3,WT4,WEX,TEMP, 
2440 C FINTIM,R0NA,DTM1N,DTMAX,S1,S2,S3,S4,JT,KS,TPR,IQ,ICT,W,JCT, 
2445 C WR,WA,WX,WB,WC,WD,WE,Q,TQ,TX,QS,PDIS,PH,PA,Kl,K2,K3,Ka,Rl,R2,R3» 
2450 C WHCT»WHPU,TPLEN,VPLEN,IC,TPL»CHNA,RRl,ax,QXT,QHT,CI SAT,BETA, 
2455 C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NODE,NTYPE, 
2460 C TLAG,CDET,IDLE,C3SAT,PDEL,FIGTTL,PTDL,KH 
2465 COMMON /LOG/ TITLE,PRT1,PRT2,PRT3,PRr4,PRT5 
2470 COMMON /DUb/ TIME,DELT,DC 1,DC2,0C3,DC4,ABSC 
2475 REAL*a L(50) , A(50),M (50) ,C 1 (50),C2(SO),C3150),Ca(50),W(50) 
2460 REAL*4 S1(50),S2(50),S3(50),S4(50),Q(6),TQ(8),TX(8),QS(50) 
248S REAL*4 K1,K2,K3,K4,KS»TITLE (16),TLAG(7),CDET(7)fIDLE(7) 
249 0 REAL*8 OCl(50),DC2(50),DC3 iSO),DCa(50),TIME,DELT,ABSC(a,10) 
2a95 LOGICAL PRT UPRT2, PRT3, PRTa,PRTS 
2500 DIMENSION LG (SO ),IQ (8),IC (8 ),ICT(6),NGRAF(10),NVECT(10,5)» 
2505 C NAMEd0,15),IPl(50),NODE(7),NTYPE(7),FIGTTLd5,10) 
2510 C 
2515 C**** CALCULATE DERIVATIVES FOR VARIABLES TO BE INTEGRATED AND S*TAU 
2520 C**** VALUES FOR PIPE SEGMENTS 
2525 DO 10 1=1,50 
2530 IF(LG(I).EQ.O) GOTO 10 
2535 CC1=0. 
25ao CC2=0. 
2Sa5 CC3=0. 
2550 cca=o. 
2555 LLGsLGd) 
2560 C**** CALCULATE DERIVATIVES FOR MIXING PLENUM NODES 
2565 5 II=I-l 
2570 IFd.EQ.1)11 = 30 
2575 IFd.EQ.6)11 = 7 
2580 IFd.EQ.7)11=5 
2585 GOTO (a,10,a,8,8),LLG 
2590 a DC1(I) = (W(I)*(C1(II)-C1 (I))+CCl)/M(I)+Sld) 
2595 DC2(I) = (Wd)*CC2(lI)-C2d))+CC2)/M(I)+S2(I) 
2600 DC3(I)=(W(I)*(C3(II)-C3(I))+CC3)/M(I)+S3d) 
2605 Dca(I) = (W(I)*(C4(ll)-C4(I))+CC4)/Md)+S4d) 
2610 GOTO 10 
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65 

2615 
2620 
2625 
2630 
2635 
2640 
2645 
2650 
2655 
2660 
2665 
2670 
2675 
2680 
2685 
2690 
2695 
2700 
2705 
2710 
2715 
2720 
2725 
2730 
2735 

27ao 
27a5 
2750 
2755 
2760 
2765 
2770 
2775 
2780 
2785 
2790 
2795 
2800 
2805 
2810 
2815 
2820 
2825 
2830 
2835 
28ao 
28as 
2850 
2655 
2860 
2865 
2870 
2875 

C * * * * 
8 

C * * * * 
1 

1 0 

c * * * * 

21 

MULTIP 
I F d . N 
CC1=WE 
CC2=WE 
CC3=WE 
cca=w£ 
GOTO a 
IFd.N 
WDET=W 
CC1=WT 
CC2SW1 
CC3=WT 
CC4=WT 
GOTU 4 
IFd.N 
CC1=WC 
CC2=WC 
CC3=WC 
cca=wc 
GOTO a 
WRONG 
PRINT 
CONTIN 
DPH=(W 
CALCUL 
IP = 0 
DO 20 
LLG=LG 
IF(LLG 
IF(LLG 
CALL 1 
CALL 
CALL 
CALL 
GOTO 
TAU=M( 
TIMsTl 
DELsDE 
IFdAU 
IP=IPI 
CALL P 
CALL P 
Sl(I)= 
S2(I)= 
S3(I)= 
Sa(I)= 
Cld) = 
C2d) = 
C3d) = 
cad) = 
IF(C1( 
IF(C2( 
IF(C3( 

LE ENTRY NODES 
E,22) GOTO 7 
X*(C1(3)-C1(21)) 
X*(C2(3)-C2(21)) 
X*(C3(3)-C3(21)) 
X*(Ca(3)-Ca(2l)) 

£.27) GOTO 2 
Tl+WT2+WT3+WTa 
l*Cl(50)+WT2*Cl(a8)+WT3*Cl(48)+WTa*Cl(a6)-WDET*C 1 (27) 
l*C2(50)+wT2*C2(a8) + WT3*C2(a8)+WTa*C2(at))-WOET*C2(27) 
l*C3(50)+WT2*C3(a8)+WT3*C3(a8)+WTa*C3(a6)-W0ET*C3(27) 
l*C4C50)+wT2*C4(a8)+WT3*C4(a8)+WTa*Ca(a6)-WDET*Ca(27) 

£.29) GOTO 1 
T*(C1(a3)-Cl (28)) 
T*(C2(a3)-C2(28)) 
T*(C3(a3)-C3(28)) 
T*(Ca(a3)-C4(28)) 

SEGMENT IDENTIFICATION NUMBER IF PROGRAM ENTERS THIS SECTION 
100,1 
UE 
HPU+WHCT)*55a.0*TPLEN/VPLEN 
ATE CONCENTRATION IN SEGMENTS BY INTEGRATION 

1 = 
d 
.£ 
.£ 
NT 
NT 
NT 
NT 
0 
I) 
ME 
LT 
.G 
(I 
IP 
IP 
-( 
-R 
-S 
-( 
FX 
FX 
FX 
FX 
I) 
I) 
I) 

1,50 
) 
Q.O) 
Q.2) 
GUI 
Gl (I 
Gld 
Gld 

GOTO 20 
GOTO 21 
,Cld)rDCld),D£LT) 
,C2d),DC2(I),DELT) 
,C3(I),DC3d),0ELT) 
,Ca(I),DCad),DELT) 

/wd) 

T.TI 
) 
EdI 
EdI 
Xl+R 
3*FX 
2(1) 
SKI 
1+Sl 
2 + S2 
3 + S3 
a + sa 
.LE. 
.LE. 
.LE. 

ME) TAUsTIME 

M,DEL,TAU,lP,FXl,FX2,FX3,FXa) 
M,DEL,TAU,10,X1,X2,X3,X4) 
R1)/2.*FX1 
2 

)+S2(I))*0.5 
(I)*TAU 
d)*TAU 
(I)*TAU 
d)*TAU 
0.0) CKI)=0.0 
0.0) C2(I)=0.0 
0.0) C3(I)=0.0 
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2880 IF(C4(I).LE.0.0) C4(I)=0.0 
2885 20 CONTINUE 
2890 CALL INTGld,PH,DPH,DELT ) 
2895 RETURN 
2900 100 F0RMAT(1H1,///1H ,20('*'),' ERRUR IN SEGMENT IDENTIFICATION NUMBER 
2905 C, CHECK LG(',I2,') ',20('*')) 
2910 END 
2915 
2920 C - - C 
2925 C C 
2930 C SUBROUTINE INTG. C 
2935 C IN THIS SUBROUTINE THE DERIVATIVES OF THE SYSTEM C 
2940 C VARIABLES WRL BE INTEGRATED USING EULER INTEGRATION METHOD C 
2945 C PARAMETERS: C 
2950 C I - INDEX (FOR FUTURE USE) C 
2955 C Y - VARIABLE VALUE TO BE INTEGRATED C 
2960 C OY - DERIVATIVE OF VARIABLE C 
2965 C DT - DELT - TIME INCREMENT C 
2970 C C 
2975 C - - - C 
2980 
2985 SUBROUTINE INTGl(I,Y,0Y,DT) 
2990 C 
2995 Y=Y+OY*DT 
3000 RETURN 
3005 END 
3010 
3015 C C 
3020 C C 
3025 C SUBROUTINE PRIT. C 
3030 C IN THIS SUBROUTINE THE RESULTS ARE BEING PRINTED C 
3035 C PERAMETER IP2 = C 
3040 C 1 PRINT INITIAL CONDITIONS C 
30a5 C 2 PRINT A LINE OF SELECTED RESULTS EVERY C 
3050 C JTP TIME STEPS C 
3055 C 3 PRINT FINAL MAP C 
3060 C C 
3065 C - C 
3070 
3075 SUBROUTINE PRIT(IPZ) 
3080 C**** THIS ROUTINE WILL PRINT CONCENTRATION AT ALL SEGMENTS AT TIME T. 
3085 COMMON /BLK/ L,A,M,C1,C2,C3,C4,LG,WS,WCT,wT1,WT2,WT3,WTa,WEX,TEMP, 
3090 C FINTIM,RONA,DTMlN,0TMAX,Sl,S2,S3,Sa,JT,KS,TPR,IQ,ICT»W,JCT, 
3095 C WR,WA,WX,WB»WC»WD,WE,Q,TQ,TX,0S,P0IS,PH,PA»Kl,K2,K3,Ka,Rl,R2,R3» 
3100 C WHCT,WHPU,TPLEN,VPLEN,IC,TPL,CHNA,RR1,QX,QXT,QHT,CISAT,BETA, 
3105 C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NODE,NTYPE, 
3110 C TLAG,CDET,IDLE,C3SAT,PDEL,FIGTTL,PTDL,KH 
3115 COMMON /LOG/ TITLErPPT1,PRT2,PRT3,PRTa,PRT5 
3120 COMMON /DUB/ TIME,DELT,DC 1,DC2,DC3,DC4,ABSC 
3125 REAL*4 L(50 ),A(50),M(50),C 1 (50),C2(50),C3(50),Ca(50),w(50) 
3130 REAL*a SK50),S2(50),S5(50),S4(50),Q(8),TQ(8),TX(8),QS(50) 
3135 REAL*a K1,k2,K3,Ka,KS.TITLE(18),TLAG(7),COET(7),IDLE(7) 
3140 REAL*8 OC1(50),DC2(SO),DC3(50),DC4(50),TIME,DELT,ABSC(4,10) 
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3145 
3150 
3155 
3160 
3165 
3170 
3175 
3180 
3185 
3190 
3195 
3200 
3205 
3210 
3215 
3220 
3225 
3230 
3235 
3240 
3245 
3250 
3255 
3260 
3265 
3270 
3275 
3260 
3265 
3290 
3295 
3300 
3305 
3310 
3315 
3320 
3325 
3330 
3335 
3340 
3345 
3350 
3355 
3360 
3365 
3370 
3375 
3380 
3385 
3390 
3395 
3400 
3405 

10 

22 

30 

20 

21 

LOGIC 
DIMEN 

C NAME 
DIMEN 
DATA 
TIMsT 
GOTO 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
GOTO 
PRINT 
PRINT 
GOTO 
IF(AB 
JPRsJ 
PRINT 
PRINT 
PRINT 
PRINT 

C4(I), 
25 PRINT 

IFdP 
PRINT 
JTP = 0 
JTI = 0 
JTI=J 
IF(JT 
JTI = 0 
JTPsJ 
DO 91 
CHX(I 
PRINT 

C ) 
IF(JT 

99 RETUR 
100 FORMA 
U O FORMA 

C ' 
C ' T 

120 FORMA 
130 FORMA 

C lOX, 
140 FORMA 
190 FORMA 

C'SOUR 
C lOX 
C S 

200 FORMA 
170 FORMA 

(I 
TIT 

AL PRTl, 
SION LG( 
d 0 U 5 ) , 
SION CHX 
JPR.JTP, 
IME 
(10f20,3 
300,TIT 
130 
140, 
300, 
100 
UO 

21 
300, 
120 

22 
SdlM-JP 
PR+1 
170,TIM 
180,PH, 
190 
200,(1, 

CKI), 
300,TIT 
Z.EQ.3) 
230, (I 

PRT2,PRT3,PRTa,PRT5 
50),IQ(6),IC(8),ICT(8),NGRAFdO),NVECTdO,5), 
IPI(SO),NODE(7),NTYPE{7),FIGTTL(1S,10) 
(10) 
JTI/1,0,0/ 

0), IPZ 
LE 

,LG(I),Ld),A(I),Md),W(I),QS(l),I = l,50) 
LE 

TIME,JT,FINTIM,DELT,DTMIN,DTMAX,TPR,TPL 

TITLE 

R*TPR).GT.DELT*0.3) GOTO 90 

E,JT 
CHNA,WHPU,WHCT,RRl 

LG(I),DCKI),0C2d),DC3(I),DCad),Sl(I),S2(I),S3d),S 
C2(I),C3d),ca(I),I = l,50) 
LE 
GOTO 99 
CT(I),I=1,8) 

90 

91 

TI + 1 
I.LT.JCT) GOTO 99 

TP + 1 
1 = 1,8 

)=(0.5*C 
220,JT, 

P.GT.50) 
N 
T( ' *** 
T C TIME 
DELT = 
PR 
TC *** 
TC SE 
' LENGH 
T(I3,2H 
TdHO, ' 
CE IN (M 
, ' DCl 
3-NA20 
T(I3,2H 
TdHl,' 

l(ICT(I))+Ca(ICT(I)))*2.0166/(a53.6*lE-6) 
TIME,PH,QX,QXT,QHT,ALFA,(CDET(I),Isl,4),(CHX(I),I=2»8 

GOTO 25 

INITIAL CONDITIONS ***'//) 
=',F10.2,' jr =',110,' FINTIM =',Flo.2, 

•,F10,a,' DTMIN =',F10.5,' DTMAX =',F10.a/ 
=',F10.2,« TPL =',F10.2) 
SIMULATION TERMINATED ***'/) 
GM TYPE',7X,'SEGMENT PARAMETERS'/ 
T CROSS-AREA MASS FLOW LEAK(MOL/SEC'/) 
*,I3,2X,1P5E11.3) 
SEGM TYPE',7X,'SEGMENT DERIVATIVES MOL-SEC-LBS'/18X, 
OL/SEC)',19X,'CONCENTRATION IN (MOL/LIB)'/ 

DC2 DC3 DC4 Sl-NAH S2-NAQH 
S4-H2 Cl-NAH C2-NA0H C3-NA20 Ca-H2'/) 

*,I3,2X,1P12E10.3) 
SOURCES AND CONCENTRATIONS FOR TIME=',F7.2,' SEC'» 
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3410 C • AT •,15,'-TH TIME STEP') 
3415 180 FORMATC HYDROGEN PARTIAL PRESSURE IN COVER' 
3420 C ,' GAS PH=',F10.3,' MM-HG',1 OX,'SIEVERTS EQUILIBRIUM H2 IN NA CHN 
3425 CA=',E12.4,' (MOL/LB)'/' H2 LEAKING FROM THE PUMP TO ' 
3430 C ,'COVER WHPU= ',£12.a," M0LS',UX,'H2 TO GAS PLENUM IN', 
3a35 C ' CCTL VESEL WHCT=',£U.a, ' MOL'/' HYDRID DISSOCIATION RATE RR1=' 
3a40 C ,UX,El2.a,' SEC-1') 
3a4S 210 FORMAT d0£12.4) 
3450 220 F0RMATdX,I5,F6.1,F7.4,l5F7.3) 
3455 230 FORMATC STEP TIME PH-(MM) H20-LK TOT LK TOT H2 ALFA DTCTRl OTC 
3a60 CTR2 DTCTR3 DTCTRa TOTAL HYDROGEN CONCENTRATION IN (PPM) AT NODE 0 
3465 C :',/42XrI2,33X,6(I2,5X),I2) 
3470 300 FORMATdHl,20C*'),2X,18A4,2X,20C*')) 
3475 END 
3480 
3485 C - C 
3490 C C 
3495 C SUBROUTINE SPLOT. C 
3500 C IN THIS ROUTINE DATA WILL BE STURED IN FILE 20 EVERY TPL C 
3505 C PARAMETER IIP = C 
3510 C 1 , INITIAL ENTRY C 
3515 C 2 , TIME STEP ENTRY, VALUES STORED C 
3520 C 3 , FINAL ENTRY, VALUES RETREIVED AND C 
3525 C PRINT-PLOTTED C 
3530 C C 
3535 C - - - C 
3540 
3545 SUBROUTINE SPLOTdIP) 
3550 C**** THIS SUBROUTINE WILL STORE DATA OF SPECIFIED CONCENTRATION POINTS 
3555 C**** AT PREDETERMAINED SEGMENTS TO BE PLOTTED LATER ON THE TEXTRONIC 
3560 C**** TERMINAL. DATA ARE WRITEN INTO CCTX,DATAaFT20,F001 
3565 COMMON /BLK/ L,A,M,C1,C2,C3,Ca,LG,WS,wCT,WTl,WT2,WT3,WTa,WEX,TEMP, 
357 0 C FINlIM,RONA,DTMIN,DTMAX,Sl,S2»S3,Sa,JT,KS,TPR,IQ,ICT,W,JCT, 
3575 C WR,WA,WX,WB,WC,WD,W£,Q,TQ,TX,QS,P0IS,PH,PA,K1,K2,K3,K4,R1,R2,R3, 
3580 C WHCT,WHPU,TPLEN,VPLEN,IC,TPL,CHNA,RR1,QX,QXT,QHT,CI SAT,BETA, 
3585 C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NODE,NTYPEf 
3590 C TLAG,CDEKTDLE,C3SAT,PDEL,FIGTTL,PTDL,KH 
3595 COMMON /LOG/ TITLE,PRTI,PRT2.PRT3,PRT4,PRT5 
3600 COMMON /DUB/ TIME,DELT,DC 1,DC2,DC3#DC4,ABSC 
3605 REAL*a L(50 ),A(50),M(50),C1(50),C2(50),C3(50),Ca(50),W(SO) 
3610 REAL*a SK50),S2(50),S3(50),Sa(50),Q(8),TU(8),TX(8),QS(50) 
3615 R£AL*a K 1 ,K2,K3,Ka,KS,TITLE(18),TLAG(7),CDET(7),IDLE(7) 
3620 REAL*8 DC 1 (50 ) ,DC2(50),DC3(50),DCa(SO),TIME,DELT,ABSC(a,10) 
3625 LOGICAL PRT 1,PRT2,PRT3,PRTa,PRTS 
3630 DIMENSION LG(50),10(8),IC(8)»ICT(8),NGRAF(10),NVECT(10,5), 
3635 C NAMEdO/15),IPI(50),NODE(7),NTYPE(7),FIGTTLd5,10) 
36ao DIMENSION CCC(1 0),VMX (55),VECT(55),LINE (121),IL(5),ILX(5)» 
36a5 C OYD(6),IP(5),YZ(a),YW(a),VEPL(250,5),VTlM(2S0) 
3650 LOGICAL Ll 
3655 DATA JFL/0/,VMX/SS*0,/,YZ/0,lS,0,2,0,5,1.0/,YW/3.,a.,5.,5./ 
3660 DATA IPO/'"'/,ICR/' I'/,IP/'.'»'*'»' + '» 
3665 TIMsTIME 
3670 GOTO (10,20,30), IIP 
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3675 10 REWIND 20 
3660 20 IF(ABS(TIM-JPL*TPL).GT,DELT*0.3) GOTO 99 
3685 JPL=JPL+1 
3690 21 DO 5 1=1,8 
3695 5 CCC(I)=(0,5*Cl(IC(I))+Ca(IC(I)))*2.0166E+b/a53.6 
3700 WHPT=WHPU+WHCT 
3705 EXSC=CHNA/(0.5*C1(27)+Ca(27)) 
3710 VECTd)=TIM 
3715 VECT(2)=ALFA 
3720 VECT(3)sQX 
3725 VECT(4)=QXT 
3730 V£CT(5)sWHPT 
3735 VECT(6)=EXSC 
3740 VECT{n=PH 
3745 VECT(8)=QHT 
3750 DO 11 1=1,NUDET 
3755 11 VECT(8+I)=C0ET(I) 
3760 1=0 
3765 00 12 11=16,51,5 
3770 1=1+1 
3775 VECT(U)=Cl(lCd)) 
3780 VECTdl + l)sC2dC(I)) 
3785 VECT(I1+2)=C3(IC(I)) 
3790 VECTdl+3)=C4(ICd)) 
3795 VECT(I1+4)=CCC(I) 
3800 12 CONTINUE 
3805 WRITE (20) VECT 
3810 DO 14 1=1,55 
3815 la IF(VECT(I).GT.VMX(I)) VMX(I)=VECT(I) 
3820 GOTO 99 
3825 30 PRINT 100,JPL 
3830 DO 26 N=l,NUDET 
3835 NN=8+N 
38ao 26 PRINT 170,NN,N,NTYPE(N),NODE(N) 
3845 1=0 
3850 DO 25 JPJ=16,51,5 
3855 JPMsJPJ+a 
3860 1=1+1 
3865 PRINT 110,(J 1,ICd),J1=JPJ,JPM) 
3870 25 CONTINUE 
3875 PRINT 120, (I,VMX(I),1=1,55) 
3680 C 
3885 C**** THIS SECTION PREPARES PRINTPLOT 
3890 DO 70 NPsl,NPICT 
3895 NG=NGRAF(NP) 
3900 C**** FIND MAXIMUM VALUE IN PRESENT PICTURE 
3905 YS=0. 
3910 DO 60 N=1,NG 
3915 ILXd)=0 
3920 N1=NV£CT(NP,N) 
3925 IF(VMX(N1).GT.YS) YS=VMX{N1) 
3930 60 CONTINUE 

^ ^ 3935 C**** SELECT SCALE FOR GRAPHIC PICTURE 
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39ao 
3945 
3950 
3955 
3960 
3965 
3970 
3975 
3960 
3985 
3990 
3995 
4000 
4005 
4010 
4015 
4020 
4025 
4030 
4035 
4040 
4045 
4050 
4055 
4060 
4065 
4070 
4075 
4080 
4085 
4090 
4095 
4100 
4105 
4110 
4115 
4120 
ai25 
ai30 
4135 
4140 
4145 
4150 
41S5 
4160 
4165 
4170 
4175 
4180 
ai6S 
ai90 
ai9s 
a2oo 

63 
61 
62 

64 

c**** 

65 

66 

67 

68 
69 

c**** 

52 

54 

56 

73 
S3 

DO 61 1=1,11 
YM=10.**(l-6) 
DO 63 11=1,4 
YSC = YZdI)*YM 
DYS=YSC/YW(II) 
IF(YS.LT.YSC)GOTO 62 
CONTINUE 
CONTINUE 
IDY=DYS/YSC*120.+0.001 
PRINT 130,TITLE 
PRINT 180,(FIGTTL(I,NP),I=1,15) 
PRINT 140,NP,NG 
DO 64 N=l,NG 
N1=NV£CT(NP,N) 
PRINT 150,N,N1,IP(N),VMX(N1),(NAME(NP,3*(N-1)+J),J=1,3) 
CONTINUE 

4) 220,(A6SC(I,NP),I=1,. 
SCALES 

PRINT 
PRINT 
IS = 0 
DO 65 I=1,121,IDY 
DYD(IS+1)=0YS*IS 
IS=IS+1 
CONTINUE 
LAB=IDY/10.-1 
GOTO (66,67,68), LAB 
PRINT 166,(DYDd),I 
GOTO 69 
PRINT 167,(DYD(I) 
GOTO 69 
PRINT 168,(DYD(I) 
REWIND 20 
SET PROPER SIGNAL 
PRINT 210 
DO 50 J=1,JPL 
READ (20) VECT 
VTIM(J)=VECT(1) 
DO 52 N=1,NG 
N1=NVECT(NP,N) 

VEPL(J,N)=VECT(Nl) 
IL(N)=VECT(N1)/YSC*120 
IF(IL(N).L£.0) IL(N)=1 
CONTINUE 
DO sa 1=2,120 
LINEd) = IP0 
DO 56 Isl,121,IDY 
LINE(I)=ICR 
IF(VECT(3).£Q.0.0) GOTO 
DO 73 1=2,8 
LINE(I)=IDLR 
00 51 N=1,NG 
IF(NG.N£.l) GOTO 59 
IFdL(N).£Q.ILX(N)) GOTO 
IFdL(N).LT.lLX(N)) GOTO 

:1,IS) 

1=1,IS) 

1=1,IS) 

CHARACTERS INTO LINE 

53 

59 
57 
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4205 
4210 
4215 
4220 
a225 
a230 
a235 
a2ao 
a2a5 
4250 
4255 
4260 
4265 
a270 
4275 
4280 
4285 
4290 
4295 
4300 
4305 
4310 
a315 
4320 
4325 
4330 
4335 
4340 
4345 
4350 
4355 
4360 
4365 
4370 
4375 
4360 
a365 
a390 
4395 
4400 
4y05 
4410 
4415 
4420 
4425 
4430 
4435 
4440 
4aa5 
aaso 
4455 
4460 
4465 

57 

58 
55 
59 

51 

50 

11 = 
12 = 
GUT 
11 = 
12 = 
00 
LIN 
LIN 
ILX 
CON 
PRI 
CON 
PRI 
IF( 

C A 
70 CON 
99 RET 
100 FUR 

C ' 
C '0 
C 
C 
C 
c 

UO 

10 
"0 
'0 
•0 

FOR 
C ' 
C , 

120 FOR 
C 11 

130 FOR 
laO FOR 
ISO FOR 

C El 
166 FUR 
167 FOR 
168 FOR 
170 FOR 

C , ' 
180 FOR 
200 
210 
211 
220 

FOR 
FOR 
FOR 
FOR 
END 

ILX(N 
IL(N) 
0 58 
IL(N) 
ILX(N 
55 1 = 
E d ) = 
EdL( 
(N) = I 
TINUE 
NT 20 
TINUE 
NT 21 
PRTS) 
BSC,N 
TINUE 
URN 
MAT ( 
,20C 
05 L 
X, 'OO 
06 E 
07 H 
08 T 
MATC 
C2( 

12,') 
MAT( ' 
dlX, 
MATd 
MAT( ' 
MAT C 
1.4,3 
MATd 
MATd 
MATd 
MATd 
IS ', 
MAT (4 
MAT (1 
MAT(a 
MAT (1 
MAT (1 

) + l 

)-l 
U,I2 
IP(N) 
N))=IP(N) 

L(N) 

0,VECTd),LINE 

1 
CALL PLOTER(JPL,NP,NG,VEPL,VTIM,YS,TIM,YSC,DYS,FIGTTL, 
AME,NPICTj 

IHO,3 
*• ) / / 
EAK H 
5 H2 
XCESS 
2 PAR 
OTAL 
CONC 

',12, 
-H2 
OTHE 
5(ax, 
HI,20 
PICT 
GRAP 
X,3A4 
X,F]0 
X,F10 
X,F10 
OX, '« 
U , ' 
OX, 15 
X,F7. 
X, 'TI 
IX,12 
HO,40 

(/),1H ,20 
lOX, '001 
20 (MOL/SE 
FLOW TO P 
H2 IN COV 
TIAL PRESS 
HYDROGEN I 
(MOL/LB) 
')-NAOH 

0',I2, 
APPROPRIAT 
'0',12,IPE 
('*'),18A4 
URE 0',I2, 
H o',I2, ' 
) 
.l,5d4X, 1 
.1,4(20X,1 
.l,3(30X,l 
',12,' RE 
CONNECTED 
A4) 
2,3X, 121A1 
ME',3X,121 
IC-')) 
X,4A8) 

('*•),16,' RECORDS ARE WRITEN FOR PLOTTING 
TIME (SEC).'/lOX,'O02 ALFA'/lOX, 
O.'/lOX,'#04 TOTAL H20 LEAK (MOL)'/ 
LENUM (MOL/SEC)'/lOX, 
ER GAS OVER NODE 27'/10X, 
URE IN COVER GAS (MM-HG)•/lOX, 
N CCTL SYSTEM (MUD '/) 
0',I2,' CK',I2, •)-NAH 0', 
0',I2,' C3(',I2,')-NA20 0', 
' DETECTABLE H IN NODE 
E MAXIMUM VALUES OF THE 
12.3)/)) 
,20C*')) 
• HAS ',12,' GRAPHS') 
IS VECT(',I2,'), SYMBOL 

PE10.3)) 
PE10.3)) 
PE10.3)) 
SPONSE OF 
TO NODE • 

12, 

12, 
12,' C4( 
(PPM)•) 

DETECTOR 
,12) 

I2i 

VARIABLES ARE'/ 

IS ',A1,' MAXs' 

IN (PPM). TYPE' 

) 
(•_')) 

SUBROUTINE PIPE. 
IN THIS ROUTINE PIPE FUNCTION 

ARE THEN CALCULATED BY LINEAR 
VALUES CLUSfcST TO TIME TAU. 
THE PARAMETERS ARE : 

TIME - CURRENT SIMULATION 

ARE STORED. PIPE LAG FUNCTIONS 
INTERPOLATION BETWEE THE TWO 

TIME 

•C 

C 
c 
c 
c 
c 
c 
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C 
C 
C 
C 
C 
C 

c-

4470 
4475 
4480 
4485 
4490 
4495 
4500 
4505 
4510 
4515 
4520 
a525 
a530 
a535 
4540 
4545 
4550 
4555 
4560 
4565 
4570 
4575 
4580 
4585 3 
4590 4 
4595 
4600 2 
4605 
4610 
4615 
4620 
4625 
4630 
4635 I 
4640 
4645 C**** 
4650 5 
4655 
4660 
4665 8 
a670 
a675 
a680 
a685 
a690 
4695 
4700 
4705 
4710 
4715 C**** 
4720 10 
4725 
4730 

22 

20 

DELT - TIME STEP INCREMENT 
TAU - TIME LAG FOR WHICH PIPE FUNCTION IS REQUIRED 
IP PIPE FUNCTION NUMBER d-9) 
FXl,FX2,FX3,FXa - CACULATED PIPE FUNCTIONS FOR TIME-TAU 

UR UPDATE VALUES IF TAU=0.0 

SUBROUTINE PIPE(TIME,DELT,TAU,IP,FXl,FX2,FX3,FX4) 
COMMON /LOG/ TITLE,PRT1,PRT2,PRT3,PRT4 
LOGICAL PRTl,PRT2,PRT3,PRTa,PRT5 
DIMENSION F(10,4,l00),CONCN(4),Td00),TITLEd8) 
LOGICAL L1,L2 
DATA Ll,L2/2*.FALSE,/,CONCN/'NAH ','NAUH','NA20',•H2 •/ 
IF(Ll) GOTO 2 
Ll=.TRU£. 
00 4 1=1,100 
T(I)=(I-100)*DELT*10.0 
00 3 IP=1,9 
F(lP,l,I)sFXl 
F(IP,2,IJ=FX2 
F(IP,3,I)sFX3 
F(ip,a,i)=Fxa 
CONTINUE 
CONTINUE 
GOTO 99 
IF(L2) GOTO 5 
L2=.TRUE. 
DO I 1=1,100 
FdO,l,I)=FXl 
FdO,2,I)=FX2 
FdO,3,I)=FX3 
FdO,4U)=FX4 
CONTINUE 
GOTO 91 
UPDATE THE PIPE FUNCTIONS FOR PRESENT TIME 
IFdAU.NE.0,0) GOTO 10 
IF(TIME.EQ.TdOO)) GOTO 22 
DO 8 1=1,99 
T(I) = Td + l) 
TdOO)=TlME 
00 20 K=l,4 
00 20 1=1,99 
F(IP,K,I)sF(IP,K,l+l) 
F(IP,1,100)=FX1 
F(IP,2,100)=FX2 
F(IP,3,100)=FX3 
F(IP,4,100)=FX4 
GOTO 99 
SEARCH FOR PIPE OUTPUT CONCENTRATION AT PRESENT TIME (TIME-TAU) 
J = 0 
OEL = T i M E - T d O 0 ) 
IFdAU.GT.DEL) GOTO 15 
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4735 
4740 
4745 
4750 
4755 
4760 
4765 
4770 
4775 
4780 
4785 
a790 
a795 

asoo 
4805 
4810 
4815 
4820 
4825 
4830 
ae35 
a840 
4845 
4850 
4855 
4860 
4865 
4870 
4875 
4880 
4865 
4890 
4895 
4900 
a905 
a910 
a915 
a920 
a925 
a930 
4935 
4940 
4945 
4950 
4955 
4960 
4965 
4970 
4975 
4960 
4985 
4990 
4995 

15 

U 

12 

J=100 
TDEL = 
IF (AB 
DTD=( 
DP = DT 
DM=1. 
GOTO 
TDEL = 
IF(TD 
J = J + 1 
IF(A8 
IF(T( 
GOTO 
DT = T( 
DTD=T 
DP = DT 
DM=1. 
FXlsF 
IFdP 
FX2 = F 
FX3 = F 
FX4 = F 
GOTO 
FX1=F 
FX2 = F 
FX3 = F 
FX4 = F 
GOTO 
ERROR 
IF(PR 
GOTO 
PRINT 
PRINT 
RETUR 
FORMA 

C ' PI 
C ' FI 
O) 

UO FORMA 
C',10X 
C,PH,C 

200 FURMA 
END 

13 

C**** 
91 

90 
92 
99 
100 

DEL-TAU 
SdOED.LT.0.001) GOTO 13 
T(100)-T(99) + TDEL)/(Td00)-
0 
-DTD 
12 
TIME-TAU 
EL.LT.Td)) GOTO 90 

T(99)) 

S(T( 
J).G 
9 
J)-T 
(J)-
D/DT 
-OP 
(IP, 
.EQ. 
(IP, 
(IP, 
(IP, 
99 
(IP, 
(IP, 
(IP, 
(IP, 
99 
OUT 
Tl) 
99 
100 
UO 

N 
TdH 
PE 0 
RST 

J)-TDEL).LE.0.001) GOTO 13 
E.TDEL) GOTO U 

(J-1) 
TDEL 

1,J-1)*DM+F(1P,1,J)*DP 
10) GOTO 99 
2,J-l)*DM + FdP,2,J)*DP 
3,J-l)*DM + FdP,3,J)*0P 
4,J-l)*DM + FdP,4,J)*DP 

1,J) 
2,J) 
3,J) 
4,J) 

PUf 
GOTO GOTO 92 

,TIME,TAU,IP,Td) 
,((CONCN(K),J,T(J),(F(1P,K,J),IP=1,10),J=1,100),K=1,4) 

1,1H ,125('*»)/' ERROR AT TIME=',F10.4/ 1,1H ,125('*»)/' ERROR AT TIME=',F10.4/ 
ELAY IS TAU=',F10.4,'PIPE IS SEGMENT NUMBER ',13/ 
VALUE IN PIPE SEGMENT IS GIVEN AT TIME=',F10.4/IH 132('* 

T CI'/' PIPE FUNCTIONS'/' MAT INDX TIME SECT = 1 •, 1 OX, ' 3 
,'23',10X,'27',9X,'29',9X,'6',9X,'25',9X,'NU',9X,'NU',6X,'RR1 
HNA'/dX,A4,l5,0PF12.5,lP10E11.3)) 
1 dX,3El2.a,2l6,aE12.a) 

SUBROUTINE DETECT. 
IN THIS ROUTINE THE DIECTOR RESPONSE IS COMPUTED. THREE 
TYPES ARE ACCOUNTED FOR; HYDROGEN IN NA, HYDROGEN IN COVER 
GAS, AND OXYGEN. THE RESPONSE IS GIVEN IN PPM WEIGHT FOR THE 
SOLUTION AND PPM-VOLUME FUR THE COVER GAS. 

•C 
C 
C 
C 
c 
c 
c 
c 
•c 
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5000 
5005 SUBROUTINE DETECT 
5010 C 
5015 COMMON /BLK/ L,A,M,C1,C2,C3,C4 , LG,WS,WCT,wT 1, wT2,wT3,wT4,WEx,TEMP, 
50 20 C FINTIM,RUNA,DTMIN,DTMAX,S1,S2,S3,S4,JT,KS,TPR,IQ,ICT,W,JCT, 
5025 C wR,WA,WX,wb,WC,WD,wE,Q,TQ,TX,QS,P0IS,PH,PA,Kl,K2,K3,Ka,Rl,R2,R3, 
50 3 0 C WHCT,WHPU,TPLEN,VPLEN,IC,TPL,CHNA,RR1,QX,QXT,QHT,C1SAT,8ETA, 
5035 C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NODE,NTYPE, 
5040 C TLAG,CDET,IDLE,C3SAT,PDEL,FIGTTL,PTDL,KH 
5045 COMMON /LUG/ TITLE,PRT1,PRT2,PRT3,PRT4,PR(5 
5050 CUMMON /DUB/ TIME,DELT,DC 1,DC2,0C3,0C4,ABSC 
5055 REAL*4 L(50),A(50),M(50),C1(bO),C2(SO),C3150),C4(50),W(50) 
5060 R£AL*4 SI(50),S2(50),S3(SO),S4(50),Q(8),TQ(8),TX(8),QS(50) 
5065 REAL*4 KI,K2,K3,K4,KS,TITLE(18),TLAG(7),CDET(7),IDLE(7) 
50 7 0 REAL*8 DC 1(50),0C2(50),0C3(50),DC4(50),TIME,DELT,ABSC(4,10) 
5075 LUGICAL PRTl,PRT2,PRT3,PRT4,PRT5 
5080 DIMENSION LG(50),IQ(8),IC(8),ICT(8),NGRAF(1 0),NVECT(10,5), 
5085 C NAMEdO,lS),IPI(50),NODE(7),NTYPE(7),FIGTTL(15,lO) 
5090 TIM=TIME 
5095 DEL=DELT 
5100 DO 10 N=l,NUDET 
5105 LTP=NTYPE(N) 
5110 IF(LTP.EQ.3) GUTO 15 
5115 N1=N0DE(N) 
5120 IP = IPKN1) 
5125 TAU=M(N1)/W(N1)+TLAG(N) 
5130 IKTAU.GT.TIME) TAUsTIME 
5135 CALL PIP£(TiM,DEL,TAU,IP,FXl,FX2,FX3,FX4) 
5140 CALL PIP£(TIM,DEL,TAU,10,X1,X2,X3,X4) 
5145 SD1=-(X1+RR1)/2.*FX1 
5150 SD2=-R3*FX2 
5155 SD3=-SD2 
5160 SD4=-(S01+SD2)*0.5 
5165 C01=(FXl+SDl*TAU)*1.008 3E+6/453.6 
5170 CD2=(FX2+S02*TAU) 
5175 CD3=(FX3+SD3*TAU)*l6.0E+6/453.6 
5180 CDa=(FXa+SDa*TAU)*2.0166E+6Va53.6 
5185 GOTO 19 
5190 15 CDa=PH*1.0£+6/(PH+PA) 
5195 19 GOTO (20,30,ao), LTP 
5200 C**** HYDROGEN DETECTOR 
5205 20 DPPs(CDl+CD4-CD£T(N))/TDLE(N) 
5210 CALL INTG1(N,C0ET(N),DPP,DELT) 
5215 GOTO 10 
5220 C**** OXIGEN DETECTOR 
5225 30 DPP=(CD3-CDET(N))/TDL£(N) 
5230 CALL INTGl(N,CDET(N),DPP,DELT) 
5235 GOTO 10 
5240 C**** HYDROGEN GAS DETECTOR 
5245 40 DPP=(CDa-4DET(N))/TDLt(N) 
5250 CALL INTGl(N,CDET(N),DPP,DELT) 
5255 C**** OTHER TYPES OF DETECTORS 
5260 10 CONUNUE 
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5265 
52 7 0 
5275 
5280 
5285 
5290 
5295 
5300 
5305 
5310 
5315 
5320 
5325 
5330 
5335 
5340 
5345 
5350 
5355 
5360 
5365 
5370 
5375 
5380 
5385 
5390 
5395 
5400 
5405 
5410 
5415 
5420 
5425 
5426 
5427 
5430 
5435 
5440 
5445 
5450 
5455 
5460 
5465 
5a70 
5a75 

saeo 
5485 
5490 
5495 
5500 
5505 
5510 
5515 

99 RETURN 
END 
SUBROUTINE 

C NPICT) 
PLOTER(J,NP,NN,X,T,YMX,TF,YSC,DYS,FIGTTL,ABSl,NAME, 

SUBROUTINE PLOTER 

IN T H I S R O T I N E A FIGURE ON THE C A L C O M P P L O T T E R IS P R E P A R E D 
PARAMRTERS ARE 

IN VECTOR TO BE DRAWN J - NUMBER OF POINTS 
NP - FIGURE NUMBER 
NN - NUMBER OF CURVES IN FIGURE 
X - VECTOR INCLUDING THE CURVES 
T - THE TIME VECTUR 
YMX - MAXIMUM VALUE OF VECTORS TO 
TF - TOTAL/FINAL TIME OF THE PLOT 
YSC - SCALE OF THE ABSCISAE 
HEAD - FIGURE HEADING 
ABSC - ABSCISAE HEADING 
NAME - NAME OF CURVES - LEGEND 

BE DRAVN 

DIME 
C ,Z( 
REAL 
DATA 
TF5 = 
TLd 
TL(2 
TI = 0 
TX = T 
Jl = l 
J2 = J 

NSIUN X(250,5),T(2S0),HEAD(15),NAMS(3),TL(2),TK250) 
250),NAM£(10,15),lPAK(200),FIGTTLd5,10) 
*8 ABSI(4,10),ABSC(4) 
KP/0/ 

TF/5. 
)=TF/25. 
)=TF5-TL(1) 

C 
C**** INSERT ALL TITLES 

DO 1 1=1,15 DO 1 1=1,15 
1 HEADd)=FlGITL(I,NP) 
DO 2 1=1,4 

" AriSCd)=ABSI(l,NP) 
IF(NP.Gr.l) GOTO 1 
CALL STRTPL 

IN PROPER VECTORS FOR PLOTTER DRAWING 

16 

KP=KP+1 
CALL BGNPL(KP) 
DO 17 N=1,NN 
DO 16 Kl = l ,3 
N3=(N-1)*3+K1 

17 

J3) 
»AK,N) 

N 3 = ( N - 1 ; * 3 + K l 

NAMS(K1)=NAME(NP,N 
CALL LINEb(NAMS,IP-
CONTINUE 
CALL TITLEdH ,-1, ' T IME (SEC ) ', 9, 

CALL HEADIN(HEAD,100,3,1) 
CALL GRAF dI,TF5,TX,0.0,DYS,YSC) 
UY=5.3-0.3*NN 

ABSC,32,8.,6.) 

'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
c 
c 
c 
•c 
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5520 CALL BLNK1(5.0,7.8,UY,5.6,2) 
5525 CALL GRlDd,l) 
5530 CALL FRAME 
5535 DO 40 N=1,NN 
5540 DO 10 1 = 1,J 
5545 Z(I)=Xd,N) 
5550 10 CONTINUE 
5555 1=0 
5560 00 42 J3=J1,J2 
5565 1=1+1 
5570 Z(I)=Z(J3) 
5575 Tld) = T(J3) 
5580 42 CONTINUE 
5585 NM=2*N+20 
5590 CALL CURVE(Tl,Z,J,NM) 
5595 40 CONTINUE 
5600 CALL RESEICBLNKl') 
5605 UY2=UY+0.2 
5610 CALL LEGEND(IPAK,NN,5.2,UY2) 
5615 CALL ENOPL(KP) 
5620 IF(KP.LT.NPICT) GOTO 99 
5625 CALL DONEPL 
5630 99 RETURN 
5635 END 
564 0 C C 
5645 C C 
5650 C BLOCK DATA C 
5655 C IN THIS ROUTINE DEFAULT AND OTHER INITIAL DATA ARE PLACED C 
5660 C C 
5665 C ---------------------------------------------------------------------C 
5670 C 
5675 BLOCK DATA 
5680 COMMON /BLK/ L , A,M,C 1,C2,C3 ,C4 ,LG,WS,WCT,WT1,WT2,WT3,wT4,WEX,TEMP, 
5685 C FINTiM,R0NA,0TMIN,DTMAX,Sl,S2,S3,S4,JT,KS,TPR,IQ,ICT,W,JCT, 
5690 C WR,WA,WX,WB,WC,WD,WE,Q,TQ,TX,QS,PDIS,PH,PA,K1,K2,K3,K4,R1,R2,R3, 
5695 C WHCT,WHPU,TPL£N,VPL£N,IC,TPL,CHNA,RR1,QX,QXT,QHT,C1SAT,B£TA, 
570b C ALFA,TMM,NPICT,NGRAF,NVECT,NAME,IPI,NUDET,NODE,NTYPE, 
5705 C TLAG,CDET,IDLE,C3SAT,PDEL,FIGTTL,PTDL,KH 
5710 COMMON /LOG/ TITLE,PRT1,PRT2,PRT3,PRT4,PRT5 
5715 COMMON /DUB/ TIME,DELT,DC 1,DC2,DC3,DC4,ABSC 
5720 REAL*4 L(50),A(50),M (50),C1(50),C2(50),C3(50),C4(50),W(50) 
5725 R£AL*4 SI (50),S2(50 ), S3(50),S4(50),Q(6),TQ(8),TX(8),QS(50) 
5730 REAL*4 K1,K2,K3,K4,KS,TITLE(18),TLAG(7),COET(7),TOLE(7) 
5735 REAL*8 DC 1 (50),DC2(SO),DCS(SO),DC4(50),TIME,DELT,ABSC(4,10) 
57a0 LOGICAL PRT 1,PRT2,PRT3,PRTa,PRTS 
5745 DIMENSION LG(50 ),IQ(8),IC(8),ICT(8 ) ,NGRAF (1 0 ),NVECT (1 0 , 5), 
5750 C NAME(10,15),IPI(50),NODE(7),NTYPE(7),FIGTTLd5,10) 
5755 C** DEFAULT VALUES 
5760 DATA BETA/0.001/, 
5765 C C1SAT/1.418E-6/, 
5770 C CDET/7*0.0/, 
5775 C OTMAX/1.0/, 
5760 C OTMIN/0.005/, 
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5785 
5790 
5795 
5800 
5805 
5810 
5815 
5820 
5825 

C 

C 
C 
C 
C 
C 
C 

DATA 
JT/0/ 
PDEL/0.01/, 
PRTl,PRT2,PRT3,PRT4,PRT5/5*,FALSE,/, 
Q/8*0.0/, 
TIME/0.0/, 
TQ/8*10.0/, 
TX/8*80,0/, 
WTl,wT2,wT3,wT4/4*0,0/ 

END 



APPENDIX D 

The Input Data; How to Run CCTL-DYSP 

1. Tit le 

The f i r s t line is a t i t le of 72 c h a r a c t e r s and will be printed at the top 
of each output page. 

2. INLIST 

The data in this section a r e inser ted in a free NAMELIST format . All 
the data a re single va r i ab les or v e c t o r s , and should be placed bet-ween 

A&INLISTA* as a f irs t card, and 

A&END as the las t ca rd . 

All the vec to r s can be input as whole vec to r s 

X — a j , 3.2; . . . , 3-50' 

or single m e m b e r s ; e.g., 

x(5) = aj ; x(7) - ay. 

In the f i rs t case , all e lements of the vec tors have to be supplied. (The v a r i 
ables can be input in any o rde r . ) 

L ( 5 0 ) = CCTL segment length, in feet; 

L G ( 5 0 ) = a logic var iab le , which de te rmines the type of segment 

= 0 the segment is excluded from the simulation 

= 1 plenum mixing segment 

= 2 pipe segment 

= 3 plenum mixing with cover gas 

= 4 mul t ip l e -en t ry mixing plenum 

= 5 mul t ip le -en t ry mixing plenum with cover gas; 

A ( 5 0 ) = segment c r o s s section a rea , in ft^; 

CI (50) = NaH concentrat ion, in ppm; 

C2(50) = NaOH concentrat ion, in ppm; 

C3(50) = Na20 concentrat ion, in ppm; 

C4(50) = hydrogen concentrat ion, in ppm. 

•A indicates a space. 
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Only the f i rs t value for each of C l ( l ) , C2(l), and C3(l), and C4(l) has to be input 
to calculate the initial dis t r ibut ion in the sys tem. 

Q ( 8 ) = leak at the Ith injection point, in l b / s e c ; 

QT(lOO) = normal ized t ime-dependent leak function; 

T Q ( 8 ) = t ime , in seconds, when the leak at node I s t a r t s ; 

T Q T ( I O O ) = t ime table at -which normal ized leak-function values a re 
given; 

T X ( 8 ) = t ime (in seconds) when the leak at node I is terminated; 

I Q ( 8 ) = CCTL node number at which leak might occur, i.e., nodes 
at -which nozzles were installed; 

I C ( 8 ) = node numbers for which detailed concentration information 
will be s tored in CCTX.DATA file for future plotting; the 
nodal information s tored includes CI , C2, C3, C4, and de
tectable hydrogen concentrat ions, in ppm; 

ICT (8) = nodes for which hydrogen concentration will be printed 
every JCT t ime s teps; for ICT(l) , however, ALFA will be 
pr inted. 

3. PARM 

The data in this section a r e sys tem p a r a m e t e r s and a re inser ted in a 
free NAMELIST format . These a r e sca lar va r i ab le s . If they will not be in
cluded in the input s t r eam, the default value (usually 0) will be ass-umed by the 
p r o g r a m . The p a r a m e t e r s should be placed between 

A&PARMA as the f i rs t card, and 

A&END as the las t card, and should be separa ted by commas . 

TEMP = sodium t empera tu re , in °F; 

WS = total sodium flow, in ga l /min; 

WCT = flow through the cold t r ap , in gal /min; 

WTl = flo-w toward the de tec tors from node 6; 

WT2 - to be determined; 

WT3 = flow toward the de tec tors from node 23, in gal /min; 

WT4 = flow to-ward the de tec tors from node 25, in gal /min; 

WEX = sodium leak bet-ween nodes 3 and 22, in gal /min; 

P D E L = max imum permi t t ed change in node 23 for pipe update; 

PTDL = max imum t ime interval at which pipe is updated; 



P R T l = (Logical) if TRUE, initial pipe-function distr ibution will be 
printed; 

PRT5 = (Logical) if TRUE, t ime-dependent r e su l t s a r ranged for 
pr in t -p lo t also will be plotted on the CALCOMP plotter; 

TCLT = Cold- t rap t e m p e r a t u r e ; 

PH = Hydrogen par t ia l p r e s s u r e in cover gas, in m m Hg; 

PA = Argon par t i a l p r e s s u r e in cover gas, in m m Hg; 

FINTIM = simulat ion t ime, in seconds; 

DELT = single integrat ion t ime step, in seconds; 

DTMIN = minim\jm permi t ted t ime step, in seconds; 

DTMAX = maxi inum permi t ted t ime step, in seconds; 

VPLEN = total gas plenum volume, in ft^; 

TPR = printing t ime interval for complete concentrat ion map, in 
seconds; 

T P L = t ime intervals at which an entry for plotting is calculated, 
in seconds; 

JCT = number of t ime steps bet-ween two consecutive printings of 
detectable hydrogen concentrat ion and m e t e r readings (a 
single line is pr inted every JCT t ime steps); 

Kl = fraction of water leak to Na + H20-»-NaOH + ^H^, react ion; 

K2 = fraction of water leak to 2Na + H20^Na0H + NaH, react ion; 

K3 = fraction of -water leak to 4Na + H20^2NaH + Ha20, react ion; 

K4 = fraction of water leak to 2Na + H20-*Na20 + H2, react ion; 

RI = ra te of hydrogen disengagement from liquid sodium to cover 
gas , in sec ~ ; 

BETA = co ld- t rap stat ic efficiency; 

R3 = r a t e of NaOH dissociat ion, in sec"^. 

4. DTCTR 

This section contains a l is t of p a r a m e t e r s descr ibing the de tec tors 
moni tor ing CCTL. P a r a m e t e r s a r e inser ted in free NAMELIST format and 
should be placed bet-ween 

A&DTCTRA as the f i rs t card, and 

A&END as the last card , and should be separa ted by commas . 
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NUDET = number of de tec tors in p re sen t simulation (maximum is 7); 

N 0 D E ( 7 ) = the node number to which detector is attached; 

NTYPE(7) = type of detector 

1 = hydrogen detector in sodium 

2 = oxygen detector in sodium 

3 = hydrogen-gas detector in cover gas; 

T D L E ( 7 ) = diffusion t ime constant for the nickel membrane , in 
seconds; 

TLAG(7) = t ime lag bet-ween detector sample line inlet and detector , 
in seconds. 

5. P r i n t - P l o t Data 

These data will d i rec t the printing of t ime-dependent plots . If TPRS is 
t rue , then graphic output on a CALCOMP plotter also will be generated. The 
data mus t be input in the formats descr ibed below. 

CARD 1 = The f irst ca rd can be any comment of up to 80 c h a r a c t e r s . 

CARD 2 = NPICT ;FORMAT(I2), number of pic tures to be printed. 

CARD 3 = N G R A F ( 1 0 ) ; F O R M A T (10(12, IX)), NPICT numbers each 
giving the number of curves to be dra-wn in a p ic ture . 

CARD 4-1 = NVECT(10):FORMAT(10(I2, IX)) 

These numbers from 2 to 55 give the position of the var iab les to be drawn in 
the 55-place vector VECT as wri t ten in the CCTX.DATA file. 

#1: t ime (sec) 

#2: ALFA defined by (Cl(l) + C2(l) ) /average total hydrogen concentra
tion in the loop 

#3: water leak (mol / sec) 

#4: total water leak (mol) 

#5: hydrogen flow to the cover gas (mol / sec) 

#6: excess hydrogen in cover gas over node 27 (mm Hg) 

#7: hydrogen par t i a l p r e s s u r e in cover -gas plenum (mm Hg) 

#8: total hydrogen in the CCTL sys tem (mol) 

#9-15: detector readings (ppm) 

#16: NaH concentrat ion in the IC(l)th node (mol/lb) 

#17: NaOH concentrat ion in the IC(l) th node (mol/lb) 



#18: Na20 c o n c e n t r a t i o n in the I C ( l ) t h node ( m o l / l b ) 

#19: h y d r o g e n c o n c e n t r a t i o n in the I C ( l ) t h node ( m o l / l b ) 

#20: d e t e c t a b l e h y d r o g e n c o n c e n t r a t i o n in the I C ( l ) t h node (ppm) 

# 2 1 - 2 5 : s a m e a s # 1 6 - 2 0 , but for IC(2)th node 

#26 -30 : s a m e a s # 1 6 - 2 0 , bu t for IC(3)th node 

# 3 1 - 3 5 : s a m e a s # 1 6 - 2 0 , but for IC(4)th node 

# 3 6 - 4 0 : s a m e a s # 1 6 - 2 0 , but for IC(5)th node 

# 4 1 - 4 5 : s a m e a s # 1 6 - 2 0 , but for IC(6)th node 

# 4 6 - 5 0 : s a m e a s # 1 6 - 2 0 , but for IC(7)th node 

# 5 1 - 5 5 : s a m e a s # 1 6 - 2 0 , bu t for IC(8)th node 

CARD 5-1 = NAME(10) :FORMAT(5(3A4, IX)): n a m e s to be a s s i g n e d 
to e a c h c u r v e ; m u s t b e t e r m i n a t e d by $ 

CARD 6-1 = ABSC(10) :FORMAT(4A8) : 32 a l p h a m e r i c c h a r a c t e r s 
to be p r i n t e d a long the a b s c i s s a of the p i c t u r e 

CARD 7-1 = F I G T T L ( 1 0 ) : F O R M A T ( 1 5 A 4 ) : t i t l e to be g iven to the 
Ith f i gu re can be up to 60 c h a r a c t e r s and m u s t be t e r 
m i n a t e d by $. C a r d s e q u e n c e s 4 - 5 - 6 a r e r e p e a t e d 
N P I C T t i m e s . 

CARD 8 (A4) = 9999: t h i s is the l a s t c a r d ind ica t ing the end of the da t a 
input . 

A s a m p l e input da ta se t is sho-wn belo-w. 

6. S a m p l e Input Da ta Set 

RUN # 24j CCTLP LEAK DETECTION SIMULAT ION.(.0ISLB/SEC AT INJ#4, DUR = 5SEC) 
KINLST L = l . , 4 0 , 9 , 1 . , 1 0 . , 1 . , 1 . , . 2 7 7 5 , . 4 1 7 1 , 

. 4 0 2 1 , . 4 5 8 6 , . 7 7 6 8 , . 8 5 4 6 , . 7 7 8 6 , . 7 2 2 1 , . 7 2 2 1 , 

. 7 7 6 6 , . 8 5 4 6 , . 7 7 8 6 , . 4 5 8 8 , . 4 0 2 1 , . 4 1 7 1 , . 3869 , 
1 . , 2 . 6 9 , 1.0, 2 . 0 8 3 , 7 . 5 , 1 9 . 0 , . 8 , 
3 1 . , 
10*1 .0 , 
2 8 . 0 , 1.0, 1 6 . 0 , 1 6 . , 0 . 0 , 0 . 0 , 16 .585 , 

3 6 . 8 7 , 4 2 . 6 7 , 4 2 . 2 6 , 
A= 1.069, . 0 9 6 9 3 , . 3 3 9 5 , . 0 9 6 9 3 , . 2 1 2 7 , 1 .49, 

16*0 .324 , 
. 2127 , . 0 9 8 9 3 , 4 . 0 3 , 6 . 3 3 5 , 6 . 4 4 5 , . 15255 , . 1 5 2 5 5 , 
. 15255 , 

10*0.0 
0 .00248 , 3 . 2 7 6 , 0 .00248 , . 1 7 9 6 , . 0 , . 0 , 

4*0 .00248 , 
LG= 3 , 2 , 1, 2 , 1, 1 6 * 1 , 4 , 1 , 2 , 2 * 1 , 5 , 2 , 4 , 2 , 0, 9*0, 

2 , 1, 2 , 0, 0, 0, 2 , 2 , 2 , 2 , 
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CI d ) = 75.E-9, 
C2d) = l .E-9, 
C3d) = 35.E-6, 
C4d) = l.E-8, 

Q(4)=0.015, 
TX(a)=15.0, 
T0(a)=10.0, 
IQ=22, 19, 17, 16, 15, 12, 10, b, 
IC=16, 6, 49, 23, 47, 1, 27, 29, 
ICT=47, 6, 49, 23, 47, 16, 27, 1, 

SEND 
&PARM TEMP=900.,WS=800., WCT=4.,WT1=5.,BETA=0.9,WT3=5.0,wEX=1., 
FINTIM=120.,OELT=0.05,IPR=20.0, TCLT=240.0, PDEL=0.10, 
PH=0.1, PA=800.0, Kl=0.45, K2=0.2, K3=0.25, K4=0.1, Rl=9.625E-6, 

R3=7.5E-5, VPLEN=40., rPL=0.5, JCT=10, PRT5=.TRUE., 
a£ND 
&OTCTR NU0Er=4, 

N0DE(1)=49, N0DE(2)=49, NUD£(3)=47, N0DE(4)=27, 
NTYPE(1)=1, NTYPE(2)=2, NTYPE(3)=1, NTYPE(4)=3, 
TLAGd) = 10.0, TLAG(2) = 12.0, TL AG ( 3) = 1 0 . 0 , TLAG(4) = 1.0, 
TDLEd) = 14.0, TDLE(2) = 15.0, IDLE ( 3 ) = 1 4 . 0 , IDLE (4 ) = 1 0 . 0 , 

&END 
******** DATA FOR PRINT PLOT FOLLOW, LAST CARD MUST BE '9999' ******** 
04 
04,04,05,02 
20,35,40,11 
AT NODE 16 $,AT NODE 23 i,AT NODE 47 *,AT NODE 27 i 
HYDROGEN CONCENTRATION IN (PPM) 
HYOROREN TRANSIENT CONCENTRATION RESPONSE TO .075LB LEAKS 
36,37,38,39 
NAH AT # 23$,NAOH AT *23$,NA20 AT »23S,H2 AT # 23 » 
REACTION PRODUCTS CONC. IN (PPM) 
CHANGES IN REACTION PRODUCTS IN RESPONSE TO .075 LB LEAKS 
09,11,20,45,50 
H-DE1ECT0R1S,H-DETLCT0R3$,INJECTOR J4$,PUMP IMODE 3>,CCTL VESSELS 
HYDROGEN CONCENTRATION IN (PPM) 
DETECTOR READINGS RESULTING FROM .075LB LEAK-INJECTOK J44 
10,12 
H-DETECTOR2S,0-DETECTOR4$ 
DETC2 IN (WPPM)j DETC4 IN (VPPM) 
H-DETECTORS READING IN COVER GAS AND STEAM GENERATOR TOPS 
9999 
/* 
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