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IBM-704 CODES FOR REACTIVITY STEP CALCULATIONS 
(RE-126 and RE-135) 

I. Introduction 

Two codes have been wri t ten for theIBM-704 computer to calculate 
the behavior of a r eac to r following a s tep change in react ivi ty , using one-
group, space-independent , ze ro-power kinetic theory. The r eac to r is 
a s sumed to be running at constant level before the step is made, either at 
c r i t i ca l or subcr i t i ca l conditions, with an external source . 

One of the codes (RE-126) a s s u m e s al l delayed-neutron p r e c u r s o r s 
in equi l ibr ium at the t ime of the step, while the other (RE-135) allows 
cases with nonequi l ibr ium p r e c u r s o r s to be handled. In addition, RE-126 
can handle the case of ze ro final reac t iv i ty . 

The codes have been applied to the calculation of the e r r o r s en
countered in common types of reac t iv i ty m e a s u r e m e n t s under var ious 
exper imenta l conditions.(!>2) 

II. Theory 

The solution of the kinetic equations for the case of constant kg££ 
and without an extraneous source is readi ly available in the l i t e r a tu re . 

Fo r the case with a constant source , the equations to be solved 
he re a r e : 

N 

t^effd - ^ ) - i]f;;;+ Z ^iCi + So (la) dn 
dt ""e t i \ - '-' -̂  ^* 

1 = 1 

dc. ^KfA^ 
dt i* 

where 

X.C (lb) 
1 1 

n = the total neutron concentrat ion in n e u t r o n s / c m 

t = the t ime 

k ££ = the effective mult ipl icat ion constant 

N 
j6 = 2^ jS- = the total fraction of neutrons which a r e delayed 

i=i 



N = the number of delayed neutron groups 

|3. = the fraction of neutrons in the ith delayed group 

X. = the decay constant of the p r e c u r s o r of the delayed neutrons 
in the ith group 

C. = the concentration of the p r e c u r s o r s from which the ith group 
i / 3 

of delayed neutrons a r i s e , in atomic nuc le i / cm 

So = the number of n e u t r o n s / c m / s e c due to the extraneous source 

£ = the prompt neutron lifetime. 

Consider f irs t the s teady-s ta te solution of eq. ( l ) . In that case 

dt ^* 1 1 
Thus 

Ci = 
£*X. 

(2) 

and 

— = 0 = [keff (1 - /3) - 1] — + ^ 
keff/3in 

+ Sr 

Accordingly 

^ff^_ ^eff^^. 

f £* 
and 

J^*So 

n , ^eff^" 

f* i* 

1 - k eff 

+ So = 0 

(3) 

The non-s teady-s ta te solutions a r e easi ly obtained if one takes the 
Laplace t r ans fo rms of eq. ( l ) . If s be the var iable of the t ransformed 
functions, then 

L{n(t)} = n(s) 

L{Ci(t)} = C.(s) 
(4) 
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F r o m eq. (la) 

sn(sj - no = 

and from eq. (lb) 

sC.(s) - C.„ = 

we obtain: 

f£ (1 - /3) - 1 

keff^i , . 
^ n(s) -

n(s) + Z \ C i ( s ) + ^ (5a) 
i 

(5b) 

where no and C. a r e , as usual, the initial values of n and Cj. Solving 
eq. (5b) for 0^(3) and substituting in Eq.(5a) there is obtained 

r k^££ (1 - ^) - 1 k e f f ^ l , v ^ i ' ^ iV^" 
n(s)Vs X 7^ M ' ^ o + E -TVx^T 

L ^ i ^ (s + Xi)J . s + A. s 

Thus 
X.C-, E l 10 

s + \. 
n(s) = 

"° ^ -^ s + Xi 
1 1 

3 ^eff ^̂  - /3) - 1 _ ^ ISf f^^ i 
4 ^* (s + Xi) ^* Y ^' (s + AJ (6) 

^" - N i ( s ) + N2(s} . 
r keff (1 - j3) - 1 V- keffXj^i 1 
r " ^ * " 4- *̂ (s + î)J 

1 

The quantity Ni(s) is just the t ransformed function obtained for the 
case without an extraneous source , whereas N2(s) r ep resen t s the source 
contribution. 

Let Si be the roots of the equation 

s i * ^ ^*(s +X.) 

which can be cast into the form 

keff - ^ i=i 

N 

^*s + s E [/3i/(s + \)] 

' (7a) 
:eff 1 + ^ s 



which is the inhour equation with p the final react ivi ty. This equation will 
have roots s^, one more in number than the number of delayed-neutron 
groups. For positive p, one of the roots Si is positive, the others being 
negative. For negative p, a l l of the s; a r e negative. In either case, the 
N most negative s^ a r e assoc ia ted with the t rans ient t e r m s of eq. ( l ) . 
The r ec ip roca l of the remaining Si (algebraical ly the la rges t Sj) is 
known as the asymptotic period. We may write eq. (7) in rat ional ized 
form as 

n (s - Sj) = 0 . (8) 

In order to obtain the inverse t r ans fo rms of Ni(s) and N2(s) in 
eq. (6), use is made of two formulas from the theory of Laplace t r ans fo rms . 
If f(s) is the ra t io of polynomials p(s) and q(s), so that 

f(s) = p(s)/q(s) , 

where q(s) has only simple zeros which a r e denoted by s-, then 

f(t) = L-4f ( s )}=Z^e^J* . (9) 

Also, if 

L-i{f(s)} = F(t) , 

then 

ii^i^-p F(T)dT . (10) 

We may apply eq. (9) to Ni(s) of eq. (6) to obtain 

I X i C 10 

Ni(t) = Y — ^ 
1 + I keffM/3i 

j ^ ^ * ( s j + X i ) ^ (11) 

Assuming al l delayed-neutron p r e c u r s o r s in equil ibrium, eq. ( l l ) may be 
put in the form 



w i t h 

N+i 

n(t) _ y 
no L-, ^ ' j ^ 

Sj t 
(12) 

J = i 

A ' : = (1 - p ) 

^*+x ^i 

r "j ^ ^i 

^*(i -p) +Z 
^i^i 

(13) 

^ ( s j + \ ) ' 
1 '' 

w h e r e t h e C^Q h a v e b e e n o b t a i n e d f r o m e q . (2) , a s s u m i n g kg££ - 1 b e f o r e 
t h e r e a c t i v i t y s t e p . T h i s , t h e n , r e p r e s e n t s t h e b e h a v i o r of t h e r e a c t o r , 
w i t h o u t a n e x t r a n e o u s s o u r c e , f o r r e a c t i v i t y s t e p s s t a r t i n g f r o m c r i t i c a l . 

T h e i n v e r s e of N2(s) c a n b e o b t a i n e d w i t h t h e a i d of e q . (9) a n d 
e q . ( 10 ) . We h a v e 

ft 

N2(t) 

S . T 

So e J 

1 + I ^ e f f ^ i ^ 

.g*(sj +Xi )^ 

d r (14) 

T h u s 

N2(t) = So Y\ 

J 

^ i^ 1 e J - 1 

1 + 
1 J j ^ -J 
z 

T h e c o m p l e t e s o l u t i o n t o t h e p r o b l e m i s t h e r e f o r e g i v e n b y t h e s u m of 
e q . (11) a n d e q . ( l 4 ) : 

N + i 

n ( t ) 

X,-C;, 

1 J ' i 
Z -^ i^ io 

. s . + X. s- t 

J = i 

^ e f f \ ^ i 

i ^ 

+ Sr 

I 
N+1 S i t 

e -̂  - 1 

^j 1 +y J 
V / s, +X. V -«*(' J i ' J 

(15) 



This can be put in the fo rm: 

H e r e 

N+i 

^ = y (A. + B . ) e ' j \ 
no Z ^ ^ J Ĵ  

j = i 

A. = (1 - p) 

N 

^* + (keff)„ I ^ i / ( 3 j + \ ) 
° i=i ^ 

N 

£*{i - p) + X / 3 A . / ( s j +\y 
1=1 

which i s a g e n e r a l i z a t i o n of eq. ( l 3 ) . A l s o , 

(16) 

(17) 

B. = (1 - p) 
1- ^effn 

^j 

N 
i * ( l - P ) + X / 3 i ^ i / ( s j + \ ) ^ 

1=1 

(18) 

and 

C = [ l - ( l / p ) ] [1 - k . J (19) 

H e r e kgff- i s t he va lue of kg££ be fo re the r e a c t i v i t y s t e p and i s ob ta ined 
f r o m the equa t ion 

n o = i * S o / ( l - ke££) (20) 

a s s u m i n g the r e a c t o r to be a t t he s t e a d y power l e v e l UQ be fo re the s t ep . 

E q u a t i o n s ( l 6 ) - ( l 9 ) r e p r e s e n t the g e n e r a l r e a c t i v i t y - s t e p b e h a v i o r 
for e q u i l i b r i u m p r e c u r s o r s and n o n z e r o f inal r e a c t i v i t y , and a r e the 
equa t ions c a l c u l a t e d in R E - 1 2 6 . 

Now le t u s c o n s i d e r the c a s e of z e r o f inal r e a c t i v i t y . S ince t h e n 
one of the S; h a s a z e r o v a l u e , N2(t) wi l l be g iven a s 

N2(t) 
Sot 

% 

p=o 
^ i * X i 

+ Sr 

i . s j /o 

e^j^ - 1 

' J L ^ + Z ^*(sj ' + Xi)!| 
(21) 



w h e r e the f i r s t t e r m is the s- = 0 t e r m of the s u m and is ob ta ined by 
id tak ing the l im i t a s S: ^ 0 . The second 

J 
expanding the e x p o n e n t i a l and tak ing the l im i t a s s 
t e r m is the s u m ove r the r e m a i n i n g n e g a t i v e value"'s of s^. 
v a l u e 

Ni(t) has the 

Ni(t) 
nr •z Cic 

P=o 
- z 

i 

^i 

i*X, 
j . s / o 

no+X 
i 

X-C. 
'^l 10 

S. + X : 
J ^ 

S.t 

i 

^ ^ i 

r ( s j + Xi)̂  

, ( 22 ) 

w h e r e the f i r s t t e r m is s i m p l y the S; = 0 t e r m and the second t e r m , a s 
b e f o r e , r e p r e s e n t s the s u m o v e r the r e m a i n i n g N nega t ive v a l u e s of s j . 
The c o m p l e t e so lu t ion for p = 0 i s t h e r e f o r e the s u m of eq. (21) and eq. (22), 
so tha t eq. ( l5 ) t a k e s the f o r m 

N(t) 

no + Z C.̂  
1 

1 + z ^ 

£*\ 
p=o 

1 So/sj Sot 

^ i \ 

^ ' ^ Z " ' ' i*{s.+x,Y ' -^4 z ^i 
^ * X i 

no .z \ ^ i o So 
+ • 

. -i*\ s. 
J 

1 + z hh 
i* (s. + X.)^ 

s . t 
. J (23) 

w h e r e the c o n s t a n t t e r m h a s been e x t r a c t e d f r o m the s u m in eq. (2 l ) . In 
eq. (23), it should be r e m e m b e r e d tha t e a c h s u m ove r j invo lves only 
n e g a t i v e v a l u e s of s-, the z e r o - v a l u e d s . t e r m having a l r e a d y been dea l t 
wi th . Th i s h a s been i n d i c a t e d by w r i t i n g the index of s u m m a t i o n a s 
j , s . / o . Since the e x p o n e n t i a l t e r m in eq . (23) invo lves only nega t ive v a l u e s 
of s:, it r e p r e s e n t s a t r a n s i e n t t e r m . It is s een t h e r e f o r e that if p= 0, 
t h e n n(t) h a s the f o r m of a c o n s t a n t p lus a t e r m which v a r i e s l i n e a r l y with 
t i m e a f t e r the exponen t i a l t e r m h a s d e c a y e d away. 

E q u a t i o n (23) can be put in the f o r m 

n(t) _ 
Ht + 

nr 

N+1 N+i 

Aje j + Z Bj(e ^ - l) z (24) 



w h e r e 

1 - k . . 
H = ^ "^^° . (25) 

i* + X (ft/Xi) 
1 = 1 

In t h i s c a s e Bj i s s i n g u l a r . 

F o r the c a s e of n o n e q u i l i b r i u m d e l a y e d - n e u t r o n p r e c u r s o r s , it i s 
a s s u m e d tha t the r e a c t o r h a s b e e n runn ing a t the s t e a d y power no for a 
"bui ldup t i m e " of T g s e c o n d s . Then the p r e c u r s o r c o n c e n t r a t i o n for e a c h 
d e l a y e d - n e u t r o n g r o u p wi l l be g iven by: 

k . . B.n / ->^-Tp,\ 
Ci. = ^ ? ^ ( l - e ' ^) . (26) 

Subs t i tu t ing t h i s in eq. ( l l ) , the coef f ic ien t s A^ a r e found to be g iven by the 
equa t ion 

A, = (1 - P) . (27) 
J 

^* ( 1 - p) +z 
jS.X. 
'^ i 1 

1 ^ j + ^ i 

This r e d u c e s to eq. ( l7) when the v a l u e s of Xj^Tg b e c o m e l a r g e , i . e . , for 
long bui ldup t i m e s . The r e m a i n d e r of the t h e o r y is unchanged . Code 
R E - 1 3 5 does th i s c a l c u l a t i o n for the e q u i l i b r i u m c a s e and for s e l e c t e d 
bui ldup t i m e s . 

III. Method of Ca l cu l a t i on 

The codes a r e w r i t t e n in the F o r t r a n l anguage . S o u r c e p r o g r a m 
l i s t i n g s a r e g iven in Sec t ion VII. The m a j o r coding p r o b l e m e n c o u n t e r e d 
was the d e t e r m i n a t i o n of the r o o t s of the inhour equa t ion . 

The b e h a v i o r of the r o o t s can be s e e n in F i g u r e 10.25 of G l a s s t o n e 
and Edlund.v-"/ T h e r e it can be s e e n tha t one r o o t l i e s to the r i g h t of -Xj, 
whi le the o t h e r s l ie to the left, the s e c o n d be tween -Xj and -X2, e t c . , and 
the l a s t b e t w e e n -Xj^ and - 1 /^ . To find the r o o t s , an i t e r a t i v e p r o c e d u r e 
i s u s e d . A f i r s t g u e s s i s m a d e p lac ing the f i r s t r o o t a t z e r o and the o the r 
r o o t s at the m i d p o i n t s of t h e i r r e g i o n s . F o r a g iven r o o t , t h i s f i r s t g u e s s 
of s i s s u b s t i t u t e d into eq. (7a) and the c o r r e s p o n d i n g va lue of p i s 
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calculated. If the absolute value of (p - Po), where Po is the specified final 
react ivi ty, sat isf ies a convergence cr i ter ion, s is taken as the root. If 
not, the derivative dp/ds is calculated, where 

iSi 

1 d p ^ 
ds 1 + ^*s 

+ I + X, 

1 + rs 
- s 

N 

I h 
(s + X )̂̂  

and a cor rec t ion As is found where 

As = (Po - p ) / (dp /ds ) 

This cor rec t ion is added to s to produce an improved value for the next 
t r i a l . In the p roces s , a check is made to see that s has not been taken 
out of i ts proper region. If it has . As is reduced by a factor of 10 and again 
checked. This step is repea ted as often as neces sa ry to keep s inside its 
region. The p rocess then repea ts and continues until the convergence 
c r i t e r ion is satisfied. The other roots a re then calculated in the same 
manner . 

The usual method of testing for convergence in such a process is 
to specify a convergence c r i t e r ion £, and to stop the i terat ion whenever 
p - Po becomes less than C This method was considered undesirable for 
the present application for two reasons . F i r s t of all, it is difficult to 
de termine a proper c r i t e r ion of convergence for the genera l case; too high 
a value would give poor accuracy and too low a value might prevent con
vergence . In addition, the size of an £ which could be used might be 
l imited by only one of the roots , which means that the other roots would 
not be found with the maximum possible accuracy. Therefore, a way was 
sought in which the i tera t ion could be automatically stopped at the right 
place. Examination of the Newton-Raphson method used for finding the 
roots showed that the p rocess would always converge, that is , the magni
tude of the deviation, D = p - po, will dec rease with each i teration. This 
will go on indefinitely until D gets so smal l that round-off e r r o r s upset 
the calculation. When this happens, eventually the magnitude of a value 
of D will be equal to or g rea t e r than the previous value. This means that 
the i tera t ion has come as close as possible and so is ended at this point. 
However, it is possible for the dependence of p upon s to be such that if D 
changes in sign during the p roces s it might increase in magnitude. There
fore, if the present value of D is opposite in sign to the previous value, 
the above tes t is bypassed and the p rocess is continued. It is also uncon
ditionally continued after the first i terat ion, since then there is no previous 
value of D to use for comparison. 



C a s e s in w h i c h t h e a b o v e c o n d i t i o n s w i l l n o t a l l o w t h e i t e r a t i o n p r o c 
e s s t o s t o p m a y o c c u r . F o r e x a m p l e , D m a y e v e n t u a l l y a l t e r n a t e i t s s i g n 
w i t h e a c h i t e r a t i o n . T o t a k e c a r e of s u c h c a s e s , t h e p r o c e s s i s t e r m i n a t e d 
u n c o n d i t i o n a l l y a f t e r 100 i t e r a t i o n s . ( E v e n t h i s m a y t a k e o n l y a s e c o n d o r 
s o . ) I t i s b e l i e v e d t h a t t h e s e m e t h o d s m i g h t h a v e u s e i n o t h e r i t e r a t i v e c a l 
c u l a t i o n s , s i n c e t h e r o o t s a r e o b t a i n e d w i t h a b o u t t h e m a x i m u m a c c u r a c y 
p o s s i b l e w i t h o r d i n a r y s i n g l e - p r e c i s i o n f l o a t i n g - p o i n t a r i t h m e t i c . 

A f t e r t h e r o o t s a r e a v a i l a b l e , t h e A . , B . , a n d C o r H a r e c a l c u l a t e d 
a n d t h e s- , A . a n d B . a r e p r i n t e d o u t . T h e n u r r i b e r of i t e r a t i o n s a n d t h e f i n a l 
v a l u e of (Po - p ) / ( d p / d s ) a r e a l s o p r i n t e d o u t fo r e a c h r o o t . T h e n fo r e a c h 
v a l u e of t i m e w h i c h h a s b e e n r e a d i n , n ( t ) / n o a n d n ( t ) / n o a r e c a l c u l a t e d , a s 
w e l l a s t h e i n s t a n t a n e o u s p e r i o d n ( t ) / n ( t ) a n d t h e f r a c t i o n a l d e v i a t i o n f r o m 
t h e a s y m p t o t i c p e r i o d 1 - ( s i n / i i ) . T h e s e a r e a l s o p r i n t e d o u t . If Po = 0, t h e 
a p p r o p r i a t e c h a n g e s a r e m a d e in t h e f o r m u l a s , a n d B j i s l e f t o u t of c o n s i d 
e r a t i o n . C o d e R E - 1 3 5 c a l c u l a t e s t h e A- , n ( t ) / n o , ri(t)/no, e t c . , f o r a l l v a l u e s 
of b u i l d u p t i m e , T g , w h i c h h a v e b e e n g i v e n , a s w e l l a s fo r t h e e q u i l i b r i u m 
c a s e . ( N o t e t h a t p = 0 i s n o t a d m i s s i b l e f o r R E - 1 3 5 . ) 

I t c a n b e s h o w n t h a t t h e q u a n t i t i e s 

N+1 N+1 

1 - ^ A . a n d C + ^ Bj 

j = i j = i 

s h o u l d b e e q u a l t o z e r o i n a n e x a c t c a l c u l a t i o n . T h e r e f o r e , t h e s e m a g n i t u d e s 
p r o v i d e a c h e c k o n t h e a c c u r a c y of t h e r o o t s . H e n c e , t h e y a r e p r i n t e d o u t 
a s A C H E C K a n d B C H E C K , r e s p e c t i v e l y ( B C H E C K d o e s n o t a p p l y w h e n 
Po = O). V a l u e s of t h e o r d e r of m a g n i t u d e of 10" o r l e s s a r e o b t a i n e d f o r 
t h e s e a n d i n d i c a t e t h a t t h e l i m i t i n g f a c t o r fo r t h e a c c u r a c y of t h e c a l c u l a t i o n 
i s t h e 8 - s i g n i f i c a n t - f i g u r e a c c u r a c y of t h e 7 0 4 f l o a t i n g - p o i n t a r i t h m e t i c . 
W h e n Po / 0, t h e q u a n t i t i e s C a n d t h e a s y m p t o t i c p e r i o d l / s j a r e a l s o p r i n t e d 
o u t . 

F o r R E - 1 3 5 w i t h f i n i t e b u i l d u p t i m e s t h e r e l a t i o n ? Ai = 1 n o 
l o n g e r h o l d s . T h e r e f o r e , t h e v a l u e of ? A . i s c a l c u l a t e d fo r e a c h c a s e a n d 
p r i n t e d ou t a s " N O R M A L I Z A T I O N . " E a c h ' ' A j i s d i v i d e d b y t h i s q u a n t i t y i n 
o r d e r t o n o r m a l i z e t h e f l u x t o u n i t y a t t = 0. 

IV. I n p u t S p e c i f i c a t i o n 

I n p u t f o r b o t h c o d e s i s o n - l i n e . T h e i n p u t d e c k fo r a g i v e n p r o b l e m 
for R E - 1 2 6 i s m a d e u p a s f o l l o w s : 



One ca rd containing a problem designation number , po, kgxo ~ 
(kg££ - l) •̂  0, i , N, and M, according to format 1 (see Section VI). 
(Note that the subscr ip t on p does not denote initial value. Although ^exn 
is the init ial value of kg^j the quantity Po is the final value of p.) 

Cards containing X ,̂ i = 1,. . ., N; N •$30, 5 per card, according to 
format 2. 

Cards containing jB̂ , i = 1, . . ., N; N ^ 30-5 per card, according to 
format 2. 

Cards containing M values of t, M ^ 500, 6 per card, according to 
format 3. 

Here N is the number of delay groups and M is the number of 
t i m e s . The p rob lem designation number mus t be an integer less than 
32,768. 

The X. must be in o rder of increas ing absolute value, with Xj the 
smal les t . The j8- mus t be o rde red so that a given jB̂  is associa ted with 
the c o r r e c t X.. 

1 

The ca rds for RE-135 a r e made up s imi la r ly to those for RE-126, 
with minor change. The T g ' s a r e en te red according to the same format 
as the t ' s , and a r e placed behind the t c a rd s . The f irst card follows format 
lA, and contains p Q, ^exn' -̂  , N, M, and L, the number of T g ' s up to 500. 

Within each floating-point field of the ca rds , data may be punched 
in any form allowed by the F o r t r a n input rou t ines . 

V. Operating Detai ls 

The codes a r e run in the s tandard manner for F o r t r a n object 
p r o g r a m s . Input is on-l ine; output is off-line, using logical tape 10. No 
sense switches a re used. The s tandard F o r t r a n e r r o r stops apply. After 
p rocess ing one set of data, the p r o g r a m s r e t u r n to r ead more data. No 
end-of-f i les a r e wri t ten. Output tapes should be printed on P r o g r a m 
Control . 

A typical RE-126 problem with N = 15, M = 20 takes less than 
3 seconds, while a typical RE-135 p rob lem with N = 15, M = 20, L = 20 
takes l e s s than one minute . 
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Cols . 1 6 7 18 19 

VI. INPUT CARD FORMATS 

33 34 42 43 45 46 49 

1 3 0 0 0 1 + 1 OppOE - 0 3 + 0 OpppppOE+pp 4 • O O E - 0 5 6 12 

P r o b l e m P^ 
Identification exo r N M 

Cols. 1 

Cols . 1 

FORMAT 1 

14 15 28 29 42 43 45 46 48 49 53 

- 1 0 0 0 0 

/ 

0 

'o 

0 0 E - 0 2 0 • OppppppE+pp 

k e ̂ 0 

1 • OpppppOE 

I * 

- 0 3 15 

N 

2 0 

M 1 

2 0 

L 

14 15 

FORMAT lA 

28 29 42 43 56 57 70 

E 

Cols . 1 

1 

/3i 

11 12 

'^i+1 

^ i + i 

22 23 

^ i + 2 
/Si+2 

FORMAT 2 

33 34 

^i+3 
/Si+3 

^i+4 
/3i+4 

44 45 55 56 66 

0 1 OE 

K+l 

^K+1 
K+2 

- K+2 

K+3 

• K+3 

t K+4 

T K + 4 

02 

t K+5 

T K + 5 

FORMAT 3 

Float ing Point N u m b e r s : 

e.g. 1.000E=02 1.000x10-

Cols. 72-80 Available for 
Card Identification Symbols 

on All F o r m a t s 



VII. CODE LISTINGS 

^ODF FOR RFACTIVITY STEP CALCULATIONS RE-126 
r 

DIMFNSI0NDC(30) .BETA{30).T{500).S(31).A(31).B(31),RDD(30). 
IP(500).PDOT(500) .PFRI0D(500).ERROR(500).W(31).X(31).SD(30).BSD(30) 

47 RFADl.NO.RHO.EXK.PNL.N.M.(DC( I ) •I = 1.N ) 
1 FORMAT(I6.1PE12.4.1PE15.7,1PE9.2.I3.I4/(1P5E14.7)) 
RFAD3.(RETA(I).I=1.N) 

3 F0RMAT(1P5E14.7) 
RFAD4.(T(K).K=1.M) 

4 F0RMAT(1P6E11.4) 
NA=N+1 

r 
C ASSIGNMENT OF STARTING POINTS FOR ITERATIONS 
r 

-̂ (1 )=0.0 
6 005 J=2.N 
5 S(J)=-(DC{J)+DC(J-1))/2.0 
S(N+l)=-(1.0/PNL+DC(N))/2.0 

r 
WRITEOUTPUTTAPE10.44.NO.RHO.EXK.PNL.( I .BETA( I ).DC( I ) . I =1•N) 

44 F0RMAT(31H1REACTIVITY STEP PROBLEM NUMBER I 6/17H0FINAL REACTIVITYIP 
441F12.4/17H0INITIAL EXCESS KIPE 14.7/24H0PROMPT NEUTRON L IFETIME1PE9. 
4422/27H0DFLAYFD NEUTRON PARAMFTERS/36H01 BETA 
443LAMBDA/(I 3.1PE21.6.1PE18.6) ) 

WPITEOUTPUTTAPF10.54 
54 F0RMAT(25H0ROOTS OF INHOUR EQUATION/91H0J S(J) 
541A(J) B(J) DEVIATION ITERATIONS) 

C 
C OBTAINING ROOTS OF INHOUR EQUATION 
C 

131 nO130J=l.NA 
IT=1 

7 RHOOFS=0.0 
8 D09 1=1.N 
SD( I )=S(J)+DC( I ) 
BSD(I )=BETA(I )/SD(I ) 
BDD{I)=RSD(I)/SD(I) 

9 RHOOFS=RHOOFS + BSD( I ) 
RHOOFS=(PNL*S{J)+S(J)*RHOOFS)/(1.0+PNL*S( J) ) 
nFV=RHOOFS-RHO 
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137 I F ( I ' - l ) 1 3 9 . 1 3 9 , 1 3 8 
138 IF(DFV*PREDFV)139.134.135 
1̂ 5 IF(MRSF(DFV)-ABSF(PREDEV))139.134,134 
139 IF( IT-100)900.134.134 
900 PREDEV=DEV 

IT=IT+1 
1^ U=0,0 

V = 0.0 
14 009011=1,N 

U=U+BSD(I) 
901 V=V+BDD(I) 

RH0D0T=( (PNL+U)/(1.0 + PNL*S(J) )-S(J)*V)/(1.0 + PNL*S(J) 
DFLTA=-DFV/RH0D0T 

16 IF(J-l)17,17,18 
18 IF(J-N-1)19,20,20 
17 IF(S(J)+DELTA+DC(1))21,21,250 
?1 DFLTA=DFLTA/10.0 

G0T017 
19 IF(S(J)+DELTA+DC(J))22,22,23 
77 DELTA=DFLTA/10.0 

G0T019 
?3 IF(-DC(J-1)-S(J)-DELTA)24.24.2 50 
24 OFLTA=DFLTA/10.0 

GOT02 3 
?0 IF{S(J)+DELTA+1.0/PNL)25.2 5.2 6 
25 DELTA=DELTA/10.0 

GOT020 
26 IF(-DC{N)-S(J)-DFLTA)27,27,250 
27 DFLTA=DFLTA/10.0 
28 GOT026 
250 S{J)=S(J)+DFLTA 

G0T07 
r 
CALCULATION OF A AND B COEFFICIENTS 
C 

134 W(J)=0.0 
X(J)=0.n 

35 0036 1=1,N 
W(J)=W(J)+BSD(I) 

36 X(J)=X(J)+DC(I)*BDD(I) 
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^7 A(J)=(1.0-RH0)*(PNL+(1.0+FXK)*W(J))/(PNL*(1,O-RHO)+X(J)) 
102 IF(RHO)101.104,101 
104 IF(J-1 )108.108,101 
101 B(J)=(RH0-1.0)*EXK/(S(J)*{PNL*(1.0-RHO)+X(J))) 

GOT0105 
108 L=l 

W R I T F 0 U T P U T T A P E 1 0 , 1 0 6 . L . S ( 1 ) » A ( 1 ) . D E L T A . I T 
106 FORMATdH I 2 . 1P2E17 . 7 . 1 P E 3 4 . 7 , 1 17 ) 

GOT0130 
lOB WRITFOUTPUTTAPE10.38.J.S(J).A(J).R(J).DELTA.IT 
^8 F0RMAT(1H I 2 . 1P4F17.7 .1 17) 
1̂ 0 rONTINUF 

WRITFOUTPUTTAPF10.56 
56 FORMAK12H00UTPUT DATA/118H0TIME NEUTRON DENSITY TIME DFRI 
'S61VATIVE OF DENSITY REACTOR PERIOD FRACTIONAL DEVIATION FROM ASYM 
562PTOTir PFRIOD) 
150 IF(RH0)151.152,151 

C 
CALCULATION OF TIME BEHAVIOR FOR ZERO FINAL REACTIVITY 
C 

152 UA=0.0 
110 00111 1=1,N 
111 UA = UA+BETA( I )/DC( I) 

H=-EXK/(PNL+UA) 
112 00113 <=1,M 

WA=0.0 
XA=0.0 
YA=0.0 
ZA=0.0 

114 00115 J=1,NA 
VA=EXPF(S(J)*T(K)) 

10 00 IFACCUMULATOROVERFLOW1001,1001 
1001 VR=A(J)*VA 
10 02 IFACCUMULATOROVERFLOW10 03,1004 
1004 WA=WA+VB 
TOO'' VC=(S( J)*VA)*A( J) 
1005 IFACCUMULATOROVERFLOW115,10 06 
1006 XA=XA+VC 
115 CONTINUE 
116 00117 J=2,NA 
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V O = F X P F ( S ( J ) * T { K ) ) 
1007 IFACCUMULATOROVERFLOW1008.100 8 
1008 VF=B(J)*VD 
1009 IFACCUMULATOROVERFLOWlOlO.lOll 
ion YA = YA+VE-R( J) 

GOT01050 
1010 YA=YA-B(J) 
1050 VF=(S(J)*VD)*B(J) 
1012 IFACCUMULATOR0VERFLOW117.1013 
101^ ZA=ZA+VF 
117 CONTINUE 

P(K)=H*T(K)+WA+YA 
113 PDOT(K)=H+XA+ZA 

GOT0107 
r 
CALCULATION OF TIME BEHAVIOR FOR NON-ZERO FINAL REACTIVITY 
r 

151 C=(1.0-RHO)*FXK/RHO 
39 0042 l< = l,M 

P(K)=C 
POOTfK)=0.0 

41 0042 J=1,NA 
VG=EXPF(S(J)*T(K)) 

1014 IFACCUMULATOROVERFLOW1015.1015 
1015 VH=(A(J)+R(J))*VG 
1016 IFACCUMULATOROVERFLOW1017.1018 
1018 P(K)=P(K)+VH 
1017 VI=(S(J)*VG)*(A(J)+B(J)) 
I0i9 IFACCUMULATOROVERFLOW42.10 20 
1020 PDOT(K)=PDOT(K)+VI 
42 CONTINUF 
107 0040 <=1.M 

PFRIOD(K)=P(K)/PDOT(K) 
ERROR(K)=1.0-S{1)*PERIOD(K) 

40 WRITEOUTPUTTAPE10,43.T(K).P(K).POOT(K).PFRIOD(K).FRROR(K) 
43 FORMATdH 1 PEl 1. 4 . 1PE16 . 7 , 1P2E23 . 7 , 1PE31 . 7 ) 

SUMA=0,0 
SUMR=0.0 

80 D081 J=1,NA 
81 SUMA=SUMA+A(J) 



D=SUMA-1.0 
120 00121 J=2,NA 
121 SUMB=SUMB+B(J) 
122 IF(RH0)123,124,123 
123 G=l.0/5(1) 

WRITF0UTPUTTAPE10,58,G,C 
58 F0RMAT(18H0ASYMPT0TIC PER IOD1PE14.7/2H0C1PE14,7) 

F=SUMR+B(1)+C 
WRITEOUTPUTTAPE10.8 3.E 

83 FORMAT(9H0B CHECK 1PE14.7) 
124 WRITEOUTPUTTAPE10.82.D 
82 FORMAT(9H0A CHECK 1PE14.7) 

G0T047 

FRFQUFNCY80( 11).8(10).139(100.1.0).16{0,1,10),18(10,1,0),17(1,0.10 
1 ),19(1.0,10),23(1.0.10).20(1.0.10).26(1,0,10),137(0,1,10),35(10), 
239(15),41(11),80(11),102(1,0,1),110(10),112(15),114(11),116(10), 
3107(15),120(10).122(1.0,1).6(10),131(11),14(10),138(1»0,1), 
41000(0,1),1002(0,1),1005(0,1),1007(0.1).1009(0,1),1012(0.1). 
51014(0.1).1016(0,1),1019(0,1),135(10,0,1),104(0,1,6),150(1.0,1) 



CODE FOR REACTIVITY STEPS WITH NONEQUILIBRIUM PRECURSORS RE-135 
C 

OIMENSIONOCC^O).BETA{30).T(500).S(31).A(31).B(31).P(5 00),PDOT(500) 
1.PFR100(500) .ERROR(500),W(31),X(31).G(30).TB(500).SD(30). 
2RSO(30.31).RDD(30) 

47 RFAD1.RH0,EXK,PNL,N,M,LA,(DC(I),I=1,N) 
1 FORMAT(1P3E14.7,I3,2I4/{1P5E14,7)) 

RFAD2. (BETA(I ).I = 1.N) 
2 FORMAT(1P5E14.7) 

RFA03.(T(K).K=1.M) 
3 FORMAT(1P6E11.4) 

LR=LA+1 
RFA03.(TB(L),L=2,LR) 
NA=N+1 

r 
C ASSIGNMENT OF STARTING POINTS FOR ITERATIONS 
C 

S(1 )=0.0 
6 005J=2,N 
5 S(J)=-(DC(J)+DC(J-1))/2.0 

S(N + 1 )=-(1.0/PNL + DC(N) )/2.0 
C 

WRITEOUTPUTTAPE10,45,RHO.EXK.PNL.(I.BETA(I).DC(I).I=1»N) 
45 FORMAT(17H1FINAL REACT I V ITY1PE14 .6/17H0INITIAL EXCESS K1PE14.6/24H 
4510PROMPT NEUTRON LIFETIME1PE14 .6/27H0DELAYED NEUTRON PARAMETERS/36H 
45201 BETA LAMBDA/(I 3.1PE21.6,IPE18.6) ) 

WRITFOUTPUTTAPE10,54 
54 FORMAT(25HOROOTS OF INHOUR EQUATION/69H0J S(J) 
541B(J) DEVIATION ITERATIONS) 

=;UMB = 0,0 
C 
C OBTAINING ROOTS OF INHOUR EQUATION 
C 

1^1 001^0J=1,NA 
IT = 1 

7 RHOOFS=0.0 
a D09I=1,N 

S0( I )=S(J)+DC(I ) 
RSO(I ,J)=RETA(I)/S0(I) 
BDD(I)=BSD(I.J)/SD(I) 



9 RHOOFS=RHOOFS+BS0(I.J) 
RHOOFS=(PNL*S(J)+S(J)*RHOOFS)/(1.0 + PNL*S( J) ) 
DEV=RHOOFS-RHO 

137 IF(IT-1)139.139.138 
n 8 IF(DFV*PRFOFV) 139,134.135 
135 IF(ABSF(DEV)-ABSF(PREDEV) ) 139,134,134 
139 IF(IT-lOO)10.134,134 
10 PRFOFV=DFV 

IT=IT+1 
13 u=0.0 

V=0.0 
14 00901I=1.N 

U=U+BSD(I,J) 
901 V=V+BDD(I) 

RH000T= ( (PNL + U) /( 1.0 + PNL*S{ J) )-S ( J ) ̂ V̂ ) / ( 1. 0 + PNL*S ( J ) ) 
0FLTA=-DEV/RH0D0T 

16 IF(J-1)17,17,18 
18 IF(J-N-1)19,20,20 
17 IF(S(J)+OFLTA+DC(1))21,21.250 
71 OFLTA=0FLTA/10.0 

G0T017 
19 IF(S(J)+OFLTA+DC(J))22.22.23 
22 OFLTA=OFLTA/10.0 

G0T019 
2 3 IF(-DC{J-1)-S(J)-DELTA)24.24.2 50 
24 OFLTA=OFLTA/10.0 

G0T023 
2 0 IF(S(J)+DFLTA+1.0/PNL)2 5.2 5,26 
25 0FLTA=DELTA/10.0 

GOT020 
?6 TF(-Or(N)-S(J)-DFLTA)2 7.2 7.2 50 
27 OFLTA=OFLTA/10.0 

GOT026 
21̂ 0 S( J)=S( J)+DELTA 

G0T07 
C 
CALCULATION OF B COEFFICIENTS 
C 

]^4 X(J)=0.0 
141 D0142I=1.N 
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142 X(J)=X(J)+DC(I)*PDO(I) 
R(J)=(RHO-1.0)*EXK/(S(J)*(PNL*(1.0-RHO)+X(J))) 
SUMR=SUMB+P(J) 

r 
1̂ 0 WRITFOUTPUTTAPE10.3 8.J.S(J) .R(J) .DELTA,IT 
^8 FORMAT(I3,1P3E17.7.I17) 

GA=1.0/S(1) 
C=(1.0-RHO)*EXK/RHO 
F=SUMP+C 
WRITFOUTPUTTAPE10.2 00.C.GA.F 

200 FORMAT(2HOC1PE14.7/18HOASYMPTOTIC PER IODIPE14.7/8H0B CHECKlPE14.7) 
600 00601L=1.LB 
706 IF(L-1)701.701,700 
701 WRITFOUTPUTTAPE10.702 
702 F0RMAT(17H1EQUILIBRIUM CASE) 
705 007041=1.N 
704 G( I ) = 1.0 

G0T0703 
700 WRITE0UTPUTTAPE10.602.TB(L) 
602 F0RMAT(23H1PRECURS0R BUILDUP TI MEIPE14.6/39H0I FRACTION EQUILIBR 
6021IUM CONCENTRATION) 

C 
CALCULATION OF A COEFFICIENTS 
C 

604 006051=1.N 
G( I ) = 1.0-EXPF(-DC(I)*TB(L) ) 

60 5 WRITFOUTPUTTAPE10.606.I,G(I) 
703 WRITEOUTPUTTAPE10,611 
606 FORMAT(I3,1PE27.7) 
611 FORMAT(13H0VALUES OF A ) 

<;nMA = 0.0 
607 00608J=1,NA 

W ( J ) = 0 , 0 
609 006101=1.N 
610 W(J)=W{J)+G(I)*BSD(I.J) 

A(J) = (l.0-RHO)*(PNL+(1.0+FXK)*W(J) )/ (PNL*(1.0-RHO)+X(J) ) 
SUMA=SUMA+A(J) 

608 W R I T E O U T P U T T A P E 1 0 . 6 1 2 . J » A ( J ) 
612 F O R M A K I H I 2 . 1 P E 1 7 . 7 ) 

WRITFOUTPUTTAPE10,3 30.SUMA 



710 IF(L-1)71],7]1,7?0 
711 ACHEC<=SUMA-1.0 

WRITEOUTPUTTAPE10,712,ACHECK 
712 FORMAT(9H0A CHECK 1PF14.7) 
7:'0 WRITFOUTPUTTAPE10,57 
^no nO^01J=l,NA 

P(J)=P(J)/SUMA 
^ m A{ J)=A( J)/SUMA 

^=r/SUMA 
r 
CiLCULATION OF TIMF BEHAVIOR 
r 

11? n0113K=l,M 
P(K)=C 
PDOT(K)=0.0 

41 D04?J=1,NA 
VG=EXPF(S(J)*T(K) ) 

1014 IFArCUMULATOROVFRFLOW1015,1015 
101R VH=(A(J)+B(J))*VG 
1016 IFACCUMULATOROVERFLOW1017,1018 
1018 P ( K ) = P ( K ) + V H 
1017 V I = ( S ( J ) * V G ) * ( A ( J ) + R ( J ) ) 
1019 IFACCUMULATOROVERFLOW42,10?0 
1020 DDOT(K)=PDOT(K)+VI 

42 rONTINUF 
PFRIOD(K)=P(<)/PDOT(<) 
PRR0R(K)=1.0-5(1)*PFRIOD(K) 

1 13 WRITF0UTPUTTAPE10,43,T(K) »P(K) ,PDOT(K) ,Pf^RIOD(K) ,i^RROR(K) 
601 CONTINUE 

COT047 
r 

43 FORMATdH 1 PEl 1 . 4 , IPE 16 . 7 , 1P2 E23 . 7 ,1PF3 1 . 7 ) 
57 FORMAK120H0TIME NEUTRON DENSITY TIMF DERIVATIVE OF DENSIT 
571Y REACTOR PERIOD FRACTIONAL DEVIATION FROM ASYMPTOTIC PERIOD ) 

330 FnRMAT{16H0NORMALIZATION 1PE14,7) 
C 

FRFQUENCY6(5),131(7),8(6),135(10,0,1),14(6),16(0,1,6),17(1,0,10),1 
19(1,0,10),23(1,0,10),20(1,0,10),26(1,0,10) ,141(6),18(6,1,0),600(30 
2),604(6),607(7),609(6),300(7) ,112(30),41(7),1014(0,1),1016(0,1),10 
319(0,1),137(0,1,9),138(1,0,4),139(100*1,0),706(0,1,29),710(0,1,29) 



VIII. SAMPLE PROBLEMS 

LISTING OF INPUT FOR SAMPLE RE-126 PROBLEM 

1001 -l.OOOOE-03 -l.OOOOOOOE-05 l .OOE-04 6 18 

1.2700000E-02 3 ,1700000E-02 1.1500000E-01 3 .1100000E-01 1.4000000E 00 

3.8700000E 00 

2 .4700000E-04 1.3850000E-03 1 .2220000E-03 2 .6460000E-03 8.3200000E-04 

1 .6900000E-04 

O.OOOOE 00 l.OOOOE-01 2 .0000E-01 5 .0000E-01 l.OOOOE 00 2.0000E 00 

5.0000E 00 l.OOOOE+01 2.0000E+01 5.0000E+01 l.OOOOE+02 2.0000E+02 

5.0000E+02 l.OOOOE+03 2.0000E+03 5.OO0OE+03 l.OOOOE+04 2.0000E+04 



SAMPLE RE-126 PROBLEM 

RFACTIVITY STFP PROBLEM NUMBER 1001 

FINAL RFACTIVITY-lO.OOOOF-04 

INITIAL EXCFSS K-9.9999998E-06 

PROMPT NEUTRON LIFETIMElO.OOE-05 

DELAYED NEUTRON PARAMETERS 

1 
2 
3 
4 
5 
6 

BETA 
?.470000E-04 
1.385000E-03 
1.22?O0OE-O3 
7.646000E-03 
8.?70000E-0* 
l,690000E-04 

LAMBDA 
1.270000F-0? 
3.170000E-07 
1.150000E-01 
3tllOOOOE-01 
1.400000E 00 
3.870000E 00 

ROOTS OF INHOUR EQUATION 

J S( J) AIJ) 
1 -7.7651502E-03 5.6696573E-
2 -1.6992855E-02 1.4796816E-
3 -7.8748't37E-02 8.85A4829E-
h -7.091't694E-01 4.9024398E-
5 -1.2571837E 00 1.3641038E-
6 -3.7871837E 00 2.7594904E-
7 -7.5318442E 01 1.3109635E-

OUTPUT DATA 

TIME 
0. 

lO.OOOOF-
2.0000F-
5.0000F-
l.OOOOF 
2.n000F 
5.0000E 
l.OOOOF 
2.0000F 
5.0000E 
l.OOOOF 
2.0000F 
5.0000F 
l.OOOOE 
2.0000E 
•S.OOOOF 
l.OOOOE 
2.0000F 

NEUTRON DENSITY TIME 

-02 
-01 
-01 
00 
00 
00 
01 
01 
01 
02 
02 
02 
03 
03 
03 
04 
04 

9.9999998E-01 
8.6546080E-01 
8.6104505F-01 
8.4998388E-0] 
8.3528361E-01 
8.1217320E-01 
7.6069750E-01 
6.9884400E-01 
6.1373485E-01 
4.5504643E-01 
2.9502320E-01 
1.3367931E-01 
2.1601327E-02 
1.0248144F-02 
l.OOlOlOlE-02 
l.OOlOOOOF-07 
1.0010000E-02 
l.OOlOOOOE-07 

-01 
-01 
-02 
-02 
-02 
-03 
-01 

B( J) 
-5.6697183E-
-1.4796989E-
-8.8546396E-
-4.9025899E-
-1.3642865F-
-2.7605486F-
-1.3208252E-

-03 
•03 
•04 
-04 
-04 
-05 
-03 

DERIVATIVE OF DENSITY 
-9.8257155F 00 
-5.0922915F-02 
-4.1419780F-02 
-3.3201629F-07 
-2.6451342F-02 
-2.0654555F-07 
-1.4734292F-02 
-1.0527689F-02 
-7.0874897F-03 
-4,1553471F-03 
-7.4626553F-03 
-1.0054885F-03 
-9,02844?4F-05 
-1.8492869F-06 
-7.8454527F-10 
-5,9914546F-20 
-8.7361211F-37 

n. 

DEVIATION 
-6.4002525E-11 
-1.0965951E-10 
5.0683373E-10 
1.0434031E-09 
S.4764647E-09 
1.6711908E-08 
1.1487576E-06 

REACTOR PERIOD 
-1.0177376E-
-1.6995508E 
-2.0788257F 
-7.5600668E 
-3.1578118E 
-3.9371748F 
-5.1627693E 
-6.6381519E 
-8.659410aE 
-1.0950864E 
-1.1979882E 
-1.3294950E 
-2.3925862F 
-5.5416736E 
-1.275911IE 
-1.6707128E 
-1.2153779E 
O.OOOOOOOE-

-01 
01 
01 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
03 
07 
17 
34 
-40 

ITERATIONS 
11 
6 
5 
5 

15 
15 
7 

FRACTIONAL DEVIA DEVIATION FROM ASYMPTOTIC PERIOD 
9.9920971E-01 
8.6802733E-01 
8,3857605E-01 
8.0120696E-01 
7.5479117E-01 
6.9466071E-01 
5.9910321E-01 
4.8453752E-01 
3.7758374E-01 
1.4964893E-01 
6.9744185E-02 

-3.7373652E-02 
-8.5787916E-01 
-4.2031928E 01 
-9.9075418E 04 
-1.7973335E 15 
-9.4375919E 31 
l.OOOOOOOE 00 

ASYMPTOTIC PERIOD-1.2878051E 02 

C l.OOlOOOOE-02 

B C H F C K 2.3283064P-10 

A CHECK -3.7752903E-08 



LISTING OF INPUT FOR SAMPLE RE-135 PROBLEM 

- 1 . 0 0 0 0 0 0 0 E - 0 3 - 1 . 0 0 0 0 0 0 0 E - 0 5 l , 0000000E-04 6 18 1 

1.2700O00E-02 3 .1700000E-02 1.1500000E-01 3 .1100000E-01 1.4000000E 00 

3.8700000E 00 

2 .4700000E-04 1.3850000E-03 1.2220000E-03 2 .6460000E-03 8.3200000E-04 

1.6900000E-04 

O.OOOOE 00 l.OOOOE-01 2 .0000E-01 5 .0000E-01 l.OOOOE 00 2.0000E 00 

5.0000E 00 l.OOOOE+01 2.0000E+01 5.0000E+01 l.OOOOE+02 2.0000E+02 

5.0000E+02 l.OOOOE+03 2.0000E+03 5.0000E+03 l.OOOOE+04 2.0000E+04 

l.OOOOE+02 



SAMPLE RE-135 PROBLEM 

FINAL REACTIVITY-10,OOOOOOE-04 

INITIAL EXCESS K-lO.OOOOOOE-06 

PROMPT NEUTRON LIFETIME 10.OOOOOOE-05 

DELAYED NEUTRON PARAMETERS 

BETA 
2.470000E-
1.385000E-
1.222000E-
2.646000E-
8.320000E-
1.690000E-

-04 
'03 
-03 
-03 
-04 
-04 

LAMBDA 
1.270000E-
3.170000E-
1.150000E-
3.110000E-
1.400000E 
3.870000E 

-02 
-02 
-01 
-01 
00 
00 

ROOTS OF INHOUR EQUATION 

1 
2 
3 
4 
5 
6 
7 

S( J) 
-7.7651502E-
-1.6992855E-
-7.8748437E-
-2.0914694E-
-1.2571837E 
-3.7871837E 
-7.5318442E 

-03 
-02 
-02 
-01 
00 
00 
01 

B(J) 
-5,6697183E 
-1.4796989E 
-8.8546396E 
-4,9025899E 
-1.3642865E 
-2,7605486E 
-1.3208252E 

C l.OOlOOOOE-02 

ASYMPTOTIC PERIOD-1.2878051E 02 

03 
03 
04 
04 
04 
05 
03 

DEVIATION 
-6.4002525E-
-1.0965951E-
5.0683373E-
1.0434031E-
8.4764647E-
1.6711908E-
1.1482576E-

-11 
-10 
-10 
-09 
-09 
-08 
-06 

P CHECK 4.6566129E-10 



EQUILIBRIUM CASE 

VALUES OF A 
1 5.6696573E-01 
2 1,4796816E-01 
3 8.8544829E-02 
4 4.9024398E-02 
5 1.3641038E-02 
6 2.759A904E-03 
7 1.3109635E-01 

NORMALIZATION 9.999999SE-01 

A CHFC< -3.7?52903E-0f 

TIME 
0. 
lO.OOOOE-
2.nOOOE-
5,noooE-
l.OOOOE 
2.0000F 
5.0000E 
i.noooE 
2.0000E 
5.0000E 
l.OOOOE 
2.0000F 
5.0000E 
l.OOOOF 
2.0000E 
5.0000F 
l.OOOOE 
2.0000F 

^ 

-02 
-01 
-01 
00 
00 
00 
01 
01 
01 
02 
02 
02 
03 
03 
03 
04 
04 

lEUTRON DENSITY 
l.OOOOOOOE 00 
8.6546081E-01 
8.6104507E-01 
8.4998391E-01 
8.3528364E-01 
8.1217322E-01 
7.6069752E-01 
6.9884403E-01 
6.1373487E-01 
4.5504645E-01 
2.9502321E-01 
1.3367931E-01 
2.1601328E-02 
1.0248145E-02 
l.OOlOlOlE-02 
l.OOlOOOOE-02 
l.OOlOOOOE-02 
l.OOlOOOOE-02 

TIME DERIVATIVE OF DENSITY 
-9.8257158F 00 
-5.0922916E-02 
-4.1419781F-02 
-3.3201629E-02 
-2.6451343E-02 
-2.0654555E-02 
-1.4734292E-02 
-1.0527689E-02 
-7.0874899E-03 
-4.1553472F-03 
-2.4626554F-03 
-1.0054886F-03 
-9.0284427F-05 
-1.8492869F-06 
-7.8454530F-10 
-5.991'i548F-20 
-8.2361213E-37 
0. 

REACTOR PERIOD 
-1.0177376E-01 
-1.6995508E 01 
-2.0788257E 01 
-2.5600668E 01 
-3.1578118E 01 
-3.9321748E 01 
-5.1627693E 01 
-6.6381519E 01 
-8.6594107E 01 
-1.0950865E 02 
-1.1979882E 02 
-3.3294960E 02 
-2.3925862E 02 
-5.5416737E 03 
-1.2759112E 07 
-1.6707128E 17 
-1.2153779E 34 
0. 

FRACTIONAL DEVIATION FROM ASYMP 
9.9970971E-01 
8.6802733E-01 
8.3857605E-01 
8.0120696E-01 
7.5479118E-01 
6.9466072E-01 
5.9910321E-01 
4,8453752E-01 
3.2758375E-01 
1.4964891E-01 
6.9744185E-02 

-3.2373652E-02 
-8.5787916E-01 
-4.2031929E 01 
-9.9075419E 04 
-1.2973336E 15 
-9.4375920E 31 
l.OOOOOOOE 00 



PRECURSOR BUILDUP TIME l.OOOOOOE 02 

I FRACTION EQUILIBRIUM CONCENTRATION 
1 7.1916838E-01 
2 9.5799640E-01 
3 9,9998987F-01 
4 l.OOOOOOOE 00 
"5 l.OOOOOOOE 00 
6 l.OOOOOOOE 00 

VALUES OF A 
1 4.9438086E-01 
2 1.7865057E-01 
3 1.0448728E-01 
4 5.6007820E-02 
5 1.5411410E-02 
6 3.1136034E-03 
7 1.4794845E-01 

NORMALIZATION 9.9999998E-01 

TIME 
0. 
lO.OOOOF-
2.0000E-
5.0000F-
l.OOOOF 
2.0000E 
5.0000E 
l.OOOOE 
2.0000F 
5.0000F 
l.OOOOE 
2.0000E 
5.0000E 
l.OOOOE 
2.0000E 
5.0000F 
l.OOOOE 
2.0000E 

-02 
-01 
-01 
00 
00 
00 
01 
01 
01 
02 
02 
02 
03 
03 
03 
04 
04 

NEUTRON DENSITY 
l.OOOOOOOE 00 
8.4803162E-01 
8.4308465E-01 
8.3071760E-01 
8.1433791E-01 
7.8872307E-01 
7.3227112E-01 
6.6568585E-01 
5.7683970E-01 
4.1924650E-01 
2.6724894E-01 
1.1934537E-01 
2.0112511E-02 
1.0217351E-02 
1.0010088E-02 
l.OOlOOOOE-02 
l.OOlOOOOE-02 
l.OOlOOOOE-02 

TIME DERIVATIVE OF DENSI 
-1.1101230F 01 
-5,7117202F-02 
-4.6373220E-02 
-3.706858aF-02 
-2.9413450E-02 
-2.2818141E-02 
-1.6035303F-02 
-1.1197677F-02 
-7.2582629F-03 
-4.0205176F-03 
-2.2991741E-03 
-9,0364596E-04 
-7.8781350E-05 
-1.6101786E-06 
-6.8309059F-10 
-5.2166604F-20 
-7.1710544E-37 
0. 

o 

REACTOR PERIOD 
-9.0080103E-02 
-1.4847219E 01 
-1.8180420E 01 
-2.2410284E 01 
-2.7685903E 01 
-3.4565614E 01 
-4.5666185E 01 
-5.9448566F 01 
-7.9473518E 01 
-1.0427675E 02 
-1.1623693E 02 
-1.3207093E 02 
-2.5529533E 02 
-6.3454764E 03 
-1.4654115E 07 
-1.9188522E 17 
-1.3958896E 34 
O.OOOOOOOE-40 

FRACTIONAL DEVIATION FROM ASYMPTOTIC PERIOD 
9.9930052E-01 
8.8470911E-01 
8.5882630E-01 
8.2598078E-01 
7.8501481E-01 
7.3159281E-01 
6.4539521E-01 
5.3837295E-01 
3.8287619E-01 
1.9027539E-01 
9.7402781E-02 

-2.5550649E-02 
-9.8240658E-01 
-4.8273578E 01 
-1.1379040E 05 
-1.4900175E 15 
-1.0839292E 32 
l.OOOOOOOE 00 




