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EQUIPOISE 3A 

C. W. Nestor, Jr. 

a. 

Abstract 

Equipoise 3A i s  a s l i g h t l y  expanded version of Equi- 
poise 3. 
routine, which produces a picture  of the  arrangement of 
materials within the reactor,  and a sect ion of the  output 
routine, which ca lcu la tes  f i r s t -o rde r  perturbation theory 
estimates of neutron l i fe t ime and of t he  r eac t iv i ty  re -  
su l t ing  from a u n i t  increase i n  each of the  group constants 
(D, CR, Ca, and Y$) i n  each region of the  reactor .  The 
l a t t e r  output w i l l  be provided when the  ad jo in t  f l u x  option 
i s  used; t he  only addi t ional  input data  required a re  the  
average neutron speeds f o r  the two groups. 
deck and a binary deck are  on f i l e .  

The two addi t ions a re  a sect ion of the input 

A FORTRAN source 

"Picture I' Out -out 

I An addi t ional  chain l i nk  has been added t o  t h e  program preceding the 

regular input routine; the  function of t h i s  l i n k  i s  t o  read a t ab le  of 

characters i n t o  a specif ied a rea  of common storage. A FORTRAN l i s t  of 

t h i s  l i n k  i s  shown i n  Fig. 1. Composition and output of the  picture  i s  

done i n  the  regular  input routine; a sample picture  i s  shown i n  Fig. 2. 

If ce r t a in  mesh points  a re  omitted from the  region description, these 

a re  flagged with an as te r i sk ,  as shown i n  Fig. 3. 

Perturbat ion Theory Calculations 

The two-group diffusion equations used as the  bas i s  f o r  the  d i f f e r -  

ence equations i n  the  Equipoise 3 program have t h e  form 

The symbols used i n  Eq. (1) are  defined i n  Table 1. These equations may 
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PICTURE 
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Fig. 2. Sample Picture .  
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Fig. 3. Picture  Showing Omitted Points.  
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Table 1. Defi:nition of Symbols 

Subscripts 

192 fast  and thermal 
R removal 
a absorption 
f f i s s i o n  
g group index 

Latin 

F matrix t o  
M matrix t o  
P matrix of 
6F matrix of 
D, di f fus ion  

obtain neutron production from f l u x  (Eq. 3b) 
obtain neutron disappearance from f l u x  (Eq. 3a) 
perturbations i n  M 
perturbations i n  F 
coef f ic ien t  f o r  group g 

transverse buckling f o r  group g 
volume element 

Bg6 
dV 

Greek 

x eigenvalue (Eq. 2 )  

V 
c macroscopic cross  sect ion 
@ f l u x  vector (Eq. 3c)  

9 

f r ac t ion  of f i s s i o n  neutrons born i n  group g 
number of neutrons per f i s s i o n  

xg 

neutron f lux  i n  group g 
perturbed f l u x  vector (Eq. 4 )  

k% 

be wr i t ten  i n  shorthand as 

where 

.=[;j . 
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. 
(It has been assumed t h a t  D1 and D2 a re  continuous over t he  regions com- 

pr i s ing  the reac tor . )  

the  equation analogous t o  (2 )  i s  of the f o m  

If a change i s  made i n  ce r t a in  group constants, 

(P + M)* = ( h  + GX)F* , ( 4 )  

assuming the  matrix F t o  remain unchanged. 

the  quotient 

The eigenvalue i s  given by 

where the  sca la r  product ( f , g )  i s  defined by 

(f,d = J f (?) g(?) dV 
reac tor  

and 3 i s  the ad jo in t  f l u x  from the solut ion t o  

(MT + PT)@ = (X + Sh)FT@ , 

the  superscr ipt  T indicat ing the  transpose of the matrix. 
Equation (5)  i s  an exact but not pa r t i cu la r ly  useful  expression; 

it has the  property, however, of being s ta t ionary;  i . e . ,  i f  functions 

which d i f f e r  s l i g h t l y  from the exact solut ions ** and % (by S** and 6*) 

a re  subs t i tu ted  i n  the  right-hand s ide of (5),  the value of the  quotient 

d i f f e r s  from the  exact value by the terms involving the  sca la r  product 

of S** with 6%. 

t i o n s  i n  (5) t o  obtain an estimate of the eigenvalue of the perturbed 

system: 

The unperturbed flux and ad jo in t  a r e  used a s  t r i a l  func- 

The eigenvalue h of the  erturbed system i s  given by i 
5 



subtracting then gives, as an estimate of the change in the eigenvalue, 

For changes 6F in the matrix F, with M being held constant, Eq. (2) 
becomes 

I@ = (A -I 6X) (F + 6F)* . 

After an analysis similar to the above, neglecting the second order term 

6h(@*,6F@), it is seen that 

The static multiplication constant ke is the reciprocal of the eigen- 

value h; therefore the reactivity p is given by 

‘ke 6h 

ke x 
- 

p = - = - -  7 

1 (@*,P@) 
P = - -  (F constant, change in M) , (94 

h (@*,Fa) 

(@*, 6F@) 
p E +  (M constant, change in F) . (9b) 

(@*,F@) 

For each of the group constants (denoted by a )  appearing in (l), a 
reactivity coefficient C ( a )  is defined such that 

6 



6ke/ke c ( a )  = 

f o r  each of the  regions comprising the  reactor,  assuming 

tinuous over a region. 
t o  be con- 

With the  symbol <i, j> used t o  mean 

$3. dV y s region 1 J  

the following expressions f o r  the  r eac t iv i ty  coef f ic ien ts  a re  obtained: 



The sca la r  product i n  the  denominator i s  given by 

the  expressions f o r  C(D1) and C(D2) a re  derived by solving Eq. (I) f o r  

02$1 and V2$2, respectively.  

The neutron l i fe t ime I i s  r e l a t ed  t o  the  inverse period a through 

the  expression 

If the  usual assumption i s  mde t h a t  the  t i m e  dependence of t he  f lux i s  

ekp(a t ) ,  then 

where 

again using the unperturbed f lux and ad jo in t  as t r ia l  functions, an e s t i -  

mate f o r  t h e  l i fe t ime (using Eq. 9%) i s  

Calculations 

The seven r e a c t i v i t y  coeff ic ients ,  (11) through (17), are computed 

for each region of t he  reactor  and l i s t e d  i n  the order given; t h e  l i f e t ime  



estimate (21) is also computed and printed. 

output is shown in Fig. 4.  

A sample of the additional 

Additional Input 

The only additional input data needed are the averaged group veloci- 

ties VI and v2; these are to be punched as shown in Fig. 5 in the eight- 
digit fields beginning in columns 29 and 37 on the third card of the 
Equipoise 3 input, which contains the values of XI, X2, B:, and BZ. 
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t-J 
0 

PERTURBATION THEORY RESULTS 

NEUTRON L IFETIME 4.0130E 01 SECONDS 

REACTIVITY PER UNIT INCREASE I N  

D i  SIGRI SIGAl 
REG 

1 -4o4383E-02 3.5525E-02 -1o1870E-03 

2 -2o0201E-03 3o6169E-03 -5o4027E-05 

3 -1,9773E-Dl 1.5827E-01 -5.2883E-03 

4 -1-8420E-01 i - 4 f 4 3 E - 0 1  -4,9263E-03 

5 - 1  -6836E-01 I - 3476E-04 -4.5027E-03 

6 - 3 , 3 7 6 6 ~ - ~ 2  2 . 7 ~ 2 7 ~ - 0 2  - 9 . 0 3 ~ 7 ~ - 0 4  

7 -4.9787E-02 3.9850E-02 - I  33 1 SE-03 

8 -9.2439E-02 7-3989E-02 -2.4723E-03 

NUSF I 02  S f G A 2  

Fig. 4. React ivi ty  Coeff ic ient  Output. 

nu5f2 

4, 7395E-02 

2. t572E-03 

2. I 8 J5E-01 

1.96fOf-01 

1 . 7978E-01 

3. bOS8E-02 

5.3 I 66E-02 

Q 87 t 2E-02 
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