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A.B3J.^.A^5 

B M is a prograa using laultigroup diffusion theory to calculate 
the reactivity or critical conditiens and flux distribution of a multi-
region reactor. As an essential part of this program are calexilations 
of perpendicular buckling^ fission produced xenon^ and time variation, 
due to produetioa and depletion of isotopes. The adjoint fluxes may 
also be computed and the progran includes the calculation of the nuclear 
GOBFtaEts from fairly simple input combined mth a library of cross sec­
tions . 

B!#4 is presently being coded for the Datatron^ the Bemington Band 
1103A, and the IBM fOk, 
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« ! ' 'A.r- ^f 

Irtrodi.ic"t.ioa_ 

DM4 is a progras feLose primary purpose is the calculation of the 
spatial and energy distrinu!;ioD of the flux of neutrons in a spherical, 
cylindrical or slab reactor and of the reactivity of this system. As 
auxiliary programs intiBiatelj associated with this, I1I4 includes 

1) The calculation of multigroup cross sections using interpolaised 
estimates of the flux within an ener®/- group to weight ifhat is es­
sentially a point cross seetioa table. 

2) A b'oxnout rô b̂iae using the flaxes calculated by the main pro­
gram to compute the consumption and production of reactor materials 
in finite time steps® After calculating the amount of an absorb­
ing material to add in order to maintaiB the multiplication at 
uriitjj it computes new group constants and returns to the main pro­
gram to ecrnpute nev fluxes» 

3} The calculation of the xenon distribution from the fluxes^ re~ 
con^utatioB of the group constants using this added material fol­
lowed by return to the main program to calculate new fluxes and 
multiplication ^̂ ith the new group constants^ Hae xenon distribution 
is computed for equilibriam or for a given fcime after shutdown. 

4.1 Calculation of the adjoint fluxes; using the main flux program 
with altered nuclear constants* 

5) Iteration on any one of several reactor parameters, such as, 
concentration of one of the elements in one of the regions, thick­
ness of one of the regions^ or density of one of the materials« 
This procedure ohtains the value of the chosen parameter at which 
the reaetl-'»'ity is equal to a given valae, 

•me Biffusion Etaation 

Itie principle cslcalation is the solution of a diffusion theory 
approximation for the multiplieation; 

v:(V5J W fee) ->^t (x.s) pf (x,E) 

l^ dE* 



'̂•̂ •'Â '̂ iax ] 

Xf (x.B) 

K 
Z f (x,E')yf (x,E^) 0 (x,E')dE^ 

^ain 

In addition to the diffusion approxiiaation, several other assumptions 
have "been made in writing Equation (l). 

The second term coTering inelastic scattering implies thatj, X (X,B), 

the prohahility that a neutron ahsorhed at a higher enersr E ' will he 
emitted with an energy hetween E and E + dl (if an inelastic collision 
takes place,) is dependant oa E * only in that it is zero for E > E ^ The 
divisor X ĵn (x,l ) is given hy 

X^ i^(x,E')=/ ^^^(^,E')6S« 

and is included to normalise the truncated X (x,E). 

The third tern coTers elastic scattering and is exact except for the 
assumption that scattering is isotropic in the center of mass system. 
It is anticipated that in the rare cases liiere this is signifieaBt, non-
isotropic components can he included by replacing the scatterer "by seT-
eral scatterers of different atomic weigfet. 

The terms in Equation (l) that have not teen descrihed, may he de­
fined as follows; 

X is the single spatial coordinate over which the integration 
of Equation (l) is performed in details In the case of a 
sphere^ x is the distance from the center, in cylindrical cal­
culations it is the perpendicular distance from the axis. 
Finally^ in the case of slab geometry it is the single Car­
tesian cooriinate heing investigated« 



E is the energy of the neutrons 

B(X^E) is the peutron diffusion coefficient 

0(y,̂ E) is the neutron flux 

2I^(X^E) is the macroscopic total cross section 

Z^IJJ.(X,E) IS the macroscopic inelastic scattering 
cro&s section. An inelastic event is defined as a 
collision of the typesi (n;n',), (nj 2n,), (nj 3hj) etc. 

Yjn (X|l) is the number of neutrons emitted per in­
elastic collision with the A*^ isotope. 

oc^ is the maxiimmi fractional energy loss for a neutron 
colliding with the A*^ isotope. 

z_g is the macroscopic elastic scattering cross sec-
th tion for the A isotope. 

Vf(XJE) IS the prohahility that a neutron emitted after 
a fission has energy in the range E to E-f^E, 

K is the multiplication* 

A.|. and rf are the macroscopic fission cross section 
and the ntamber of neutrons emitted per fission respec­
tively. 

a e Multigroup Method 

If we define energy ranges E-̂  to E and integrate Equation (l) over 
these ranges we ohtain a set of equations, one xv.r each energy group. 

^ V P ^ {xWf ( X H T ^ ix) 0^ CJC)-!^ CX)I i=l, 2, 3-'I (3) 

where 

H^ Cx)== ^ fij (x) 0J (x) +X^ P M (k) 

and 



The nuclear con&tan-ss Tj^^ ""^^, T^J.X , T^^ and the flux 0 are re­
lated to the functions la Equation 1*1̂  hy integration formulas as de­
scribed in the section of this reporî  on crosc sections o 

The Spatial Integration 

We further define I+l mesh points^ 0^ x, ̂  XQ •" °jCf at which the 
functions of IquatioRS \3), Ĉ !-}̂  and (5^ are defined. Setting€=-0 
1 or 2 for planar^ cylindrical and spherical geometries respectively, 
ve ohtain; 

where 

-a i 0^ -F b̂ r, 0^ ' c„ 0^ =d^„ (n 0, 1, 2 •»•!) 

^\-U^-Z—: ""n 
2̂ n ' 

^\==^\+--'n^ i^^n^y) ^\ (E = 1, 2 -..I-l) 

\ 

- Ux, ' - A., 

d\= fAx^. f H\ 

^^•n=\i+, ^ ^n 

^^n^y,-U2 K+r̂ n̂ J' 

Boundary Conditions 

At the houndaries of the mesh, X Q = 0 and Xjĵ  the equations for 3?•^^, 

'b^^, G^^, and d \ are modified t" agree with the houndary conditions. 

(7) 

18) 



"These are 

/ s 0̂  - 0 / 
U V ^ Di ^̂  ^ ^B„^0i=O 

i J, ± ''^^ " ^W-l , „ i w i . 

-i A ^ . 

•which correspond to the physical boundary conditions 

- |I-BOCE)] DCO.E) ^ ^ ( 0 , E ) tBoCE) 0(O,E)=O 

[ I -%CE3 D(X,E) V01X.E) +B^(B) 0(X,E)=O 

These equations permit solut ions corresponding to flux zero a t an 
extrapolated end point , symmetrical or non-syiBEetrical s l abs , a control 
rod using the boundary conditions developed hy Kushneriujs, or to an in­
f i n i t e , non-moderating r e f l ec to r . 

Equations (9) lead to the following equations for n = 0 and 1. 

a i = il^/l B^i 

^o'=- % H B / AX^ 

C o ^ - 0 

C-0 

.9) 

(10} 

' . l i ) 



a.̂ „=. 0 

^'i=^'s-^^'i^V, 

^\- Ml »1 

a\^o 

Hmnerical Procedure 

Since the boundary conditions^ Equations (ll) and ("l2)> ap3;»ly at 
opposite ends of the mesh, the solution of Equatims (6) and (f) subject 
to them requires some special device. ¥e define p - and q^„ b^ 

Substituting Equation (13) into Equation (6)_, gives as a solution 

P n=^ 
bi -c^ pi n n •'̂  n-i 

i __ d \ + c \ qi^^, ilk) 
q n ^ : ^ 

pir-qi = 0 

If the source H jj is known^ it is possible to calculate the p^n and q'''̂  
beginning with n̂ O,. Substituting these values in Equation (13) the 
0iii may then be evaluated. 

t-



Since 

T^ij = 0 i^j 

Hjj can be calculated from^P^ without any knowledge of the ^^^. Thus, 
if the Pji are known, the 0̂ ^̂  can be calculated^ beginning with 1 = 1 and 
proceeding^ one group at a time, to i=-I= 

Having computed the 0°̂ ^̂ , the P^ are computed by an equation similar 
to Equation (5), 

these are normalized by 

n — n 
1 

K 

_1_ ^ p ^ y ^ 
V ^ n n 

n=i 

whei'e 

I 

= Ŝ  '̂n 
n-i 

The K of Equation (l?) is the reactivity computed for this iteration. 
Using the values of P^ computed in this way, it is possible to recalcu­
late the 0^^ and continue in this iterative fashion until the results 
show satisfactory convergence. 



In order to accelerate the rate of convergence, one uses F^ instead 
of P^ in Equation (k). 

t\=P t V ^ ; t^n^ (iH)Pn; 

I-l 

t^n-+W(t^n^ (tH)^n A^„ 

(19) 

The presubscript, t, is the iteration number 

The Muclear Constants 

The integration of Equation (l) leads to the following definitions 
for the functions appearing in Equations (3)^ i^), and (5). 

j j i ^ D(E) 0 (E) dE 

-^i+l 

(20) 

T^== / { Z , (E) 0 (E) ™ ^^,^^(y4,^^(E^)y,,^(EO0(EO^_ 

(%,Ei) 

3̂ 0 (E')dE7 dE /r_ 

E 

(21) 

0(E) dE n 

-B^-Di 

8 



nUi fe X,^i-^/ ^,„(^')>',„(^')0(K')Y^ 
A 

^^i+i 
'j+i 

fE MinC^A:^ Ê )̂ 

E, .. 

L-c-jH 

X f (E) dE % - ^±j-i 

^ f (Eiy^^CE) dE (Ej-Ej„) 

Lfj+I 

0i^ 0 (E) dE 

t—"1+1 

^i • ^iti 

(22) 

(23) 

(2lt) 

(25) 

B is the perpendicular buckling, an 
input constant. 

The calculation of these quantities must use different equations 
sinee^E) is not taio¥ii, though 0^ is, and since these equations imply 
a computation at each mesh point—an excessive amount of work. As a 
compromise^ we use the function ^ ¥ ( E ) in place of 0 (E) in Equations 
(20) through (24). Equation (25) need not be performed at all. ^If (E) 
is obtained f ro*- a set of 0^^ by integrating the 0 \ over regions of 
uniform composition and interpolating. Thus, if 

k0i= ̂  0\ Af^ 
4. 

(26) 

X 



where k iB.di3aT,e3 "Vte fc"^"'^ ̂ -egion. 

^f (Ej-WV^/ ' l TVS E Eî , ̂  E<Ei (21) 

She coefficients are defined fey 

^0i - ^Ci t ~^™ -I ^Ci Ei,̂ , 
Ei.,, -̂  (28) 

^ 2 

The cross sections used in the auxiliary averaging program are to be 
fouad in a library of cross sections on magnetic tape. In this library 
th<=i values of the cross sections of each isotope are given at a relatively 
large number of energies _;, E/^^ The EA in general are different for each 
i«.otopej, being chosen as the aost convenient ones to represent the be­
havior of that isotope's cross sections. The assumption involved is that 
*-Me cross sections can be approxlEBted by step-functions as shown in 
Figure 1, Page 11, if a sijfficient number of points are used. 

10 



i! 

a a-' 

0'^ 

ff^ 

^ 

-} 
Eg E| Efe I,- Ey 1^ E^ 1, 

figure lo "ro=!S Section- approiriinated by 
»ter-furctioP5» 

The information -stored in the library for each isotope is the iso­
tope lien^.ification. A, ins atoiiic weight dp^f ande^_^. For each energy 
value for each i-otope rfeê e i5 al̂ oÔ -iĵ  0^, (f^jy / .^, 0"^ ^f.'^in'' -̂ ^ ^°-
in.tsr-P.pdiat® stage xn the cro-̂ - section averaging program, before con-
vp-Tzmg microscopic t.o inacrosropic quantities, and before averaging over 
eni*rgy, '^hi^re xs an optiOB of adding the combination of isotopes to the 
lib-̂ Ar̂ ?- a^ a B€V xsotopp, 

1'h-=- input :o the cross s*^ctioB averaging program is, in addition "BO 
the I.t̂ •̂ -Jry, the following lata; 

M 

Set of A arA Mp 

t^e resG^riai. ilenti-^ication. 

Ph-- i-cntopî s apl relative numter of 
atom-3 of each p"»i»ŝ nt In the mixture« 

Ui? •iej:3x%Y of -he miiiture. 

Th? ^pper snergv liiEXts of the groups 
no b« ajsS'̂  _n the main cole. 

jjxga-»'(=- 2, fage .?, f=-jfpld,ir.̂  th* mstioi of combining the cros^ sec 
t-̂ ocs of thi* 1 ot'-pes pr=^?ento Pere wa i*=-f in*''^^ ae the eros« section 



I? 

for tbe A"*̂^ isotope at. the/""'̂ ' energy value E/^ at which cross sections 
for that iSQ-̂ Jop*; axe specifie'l. 

—E.T^ - -=" - — 1, C5| i-Ii(^+Ij^^ 

-Ev; •- _ ^ _ _ __î  ^-l-Mz^Si + ^s^s 

Levels Levels Levels 
for for for Combined cross sections 
Isotope Isotope Isotops 
1 23 

Figure 2. Method of combiBing the cross sections of the 
isotopes present. 

IE this way the cross section* are combined to get a set for a nev 
"i«otope" of atomic weight 1| A| f-I.-iÂ  *" *. At this point, the new iso-
top with Bame equal to M can be added to the library. i?he cross sec-
tioss are then averaged over energy according ô the EquatioBS (20) 
through (f|.|. In these equations D^l)=3^ . 

I. 



i ' 

T"o convert the ̂ resul^s to macroscopic cross sections # is divided by 
Cj, and T^, T^J, and P." are Biultlplied by C^ where 

0»6023 £ 

A 

The 0̂ p used in. the nuclear constant evaluation may be input to a 
problem or may be the result of a previous iteration or stage of the 
calculation. This cross section, averaging routine may be transferred 
to at some stage of the calculation when some of the auxiliary programs 
have caused a change in concentratioa of some components» It is also 
possible to transfer control to this part of the program after a number 
of iterations when the computer feels that the flux weighting is svf-
ficiently important and the spectrum of neutrons has changed appreciable 
from the initial guess. 

If a problem is begun without a set of 0^^ to use for flux weighting 
the cross sections, the program automatically replaces the ^ ^ ( E ) by 

I 

%-%t« * 

Self- Shielding 

Usually this calculation will be used on a homogenized approximation 
to the actual reactor. For this reason, it is incorrect to mix the iso­
topes in a mixture according to their relative concentrations as descrxbed 
in the luclear Constants Section of this reports fhis difficulty can he 
solved by multiplying the concentrations by self-shielding factors which 
should be functions of energy and are the ratios of the flux densities in. 
the regions of a lattice cell. Therefore, provision is made in the aux­
iliary cross section averaging program for use of these self-shielding 
factors. This is done by distinguishing, in the list of isotopes present 
in a mixture, be-cweea isotopes associated with each of three submixtures» 
For each of these subiaixtures a self-shielding factor is given for each 
energy range in the main program so that the input includes a set of f̂ , ̂  
f-s_2,> an^ fij • The 1^ in Figure 2^ Page 12, are then multiplied by the 
appropriate fi, , fj_^, or f^^in adding-up cross sections for a mixture, 

In order to minimize the work involved in input preparation, the pro­
gram substitutes a value of unity for any self-shielding factor that has 
not been specified» 



XenoE_MiitioP 

2MM coctaini^ an auxiliary prograiE which can add xenon to the mixture 
ini+.ially present m a region containing fissionable material. This can 
only be done at a stage in the calculation vken the P̂ ^ are available and 
tbp amount adied is that corresponding to equilibrium or to a given time 
afî er coaplete shutdown. 

?h5 input required ±e 

A t - the tin? since shutdown in hours 

lAt = 0 gives equalibriuia xenon concentration) 

1 - the power densxtjy of the reactor in kw/cc 

The calc'jlatics siakes use of the following constants 

(J - fissions per kw sec 

Yjfg - xenon atoms produced per fission 

Yj - iodir4e aiioas produced per fission 

)\Xe ~ probability per hour of decay of a xenon atom 

')\l - probability per hour of decay of an iodine atom 

Then 



•B/'^iXs^ 'Ola-' 

IK ' 31J 
% - 1/2 „ 5 ^""^ P n ^ % 

«=«V, 

Ihe ! ^ obtained from Equation (30) is treated in exactly the same 

manner a?, the other 1^ in the cross section averaging routine.* The 

us* of Ca« in Equation (31) implies that the cross section library eon-

eains an extra file for xenon. 

Buraup 

DMM contains an option to penait the calculation of the behavior of 
a reactor as a function of fAme as reactor imterials are depleted and 
produced due to neutron absorption. 

The input required is 

-7/ 

[».] 

the number of iterations to be done between each 
time step 

the adiress of the concentration which is zo be 
varied to keep '• equal tc 1^ 

1^ - the value of the reactivity which is to be main­
tained 

a guess as to the change in M^ necessary in each 
time step 

the tolerance for the i /iation of 1 from Ij 

T - zhe length of the time step to be used 

L - the power lev 1 defined in the previous section 

IoT,e: *If At=0, Pxe""" '̂Xe K *̂ ^̂  equilibriian xenon concentration.. Also 

^-le~0 if kp=o so chat >MI±~ need be computed only for fissioning regions. 

15 



The calculation is based on the approximation that the neutron flux 
and the concentrations reneln constant during each time step. 

The cross section library contains with each isoto^, a set of three 
or fewer isotope transformation cross sections, ^p^^kl • 

Shese are aieroscopie cross sections for the transformation of isotope 
A into isotope A'. 

k i 
^eroscopic transformation cross sections, Xla—jA'^ are calculated 

from the microscopic cross sections by the equation 

k 

A-̂ A' 

k,,.i 
^A^A^ f ^̂ > ^^ 

The changes in the % are obtained by adding the^ % to the old !«» 

(3a} 

/ \ ' i ti k i 

A-~*A A-»A 
N ¥ (% - Ei^,> (33) 

Having computed the new compositions of the regions, it is necessary' 
to adjust the concentration of isotope J i n order to keep K equal to K^j^. 
S IS added to "^Mj^ and the program transfers to the cross section avero>j-
m g routine to compute new nuclear constants and thence to the main r^-ri -
gram. After H iterations the new value of K is compared with KQ» If 
I-^KQJ, 0.1^ is added to % £ . If K^-Kg, 0.1 is subtracted from ^Ig; xr. 
either case, the procedure oeginriing with the transfer to the cross "ee-
tlon program is repeated. If we define K^ Mid Ki^j as the reactivities 
obtained in two successive trials. 

(3i-) 

where % . is the value of I« used in the A * ^ trial. The procedure is 
repeated"'"using Equation (S^J to find the amount of control material until 

16 



lo - lj_-^ £ . At this point all the 1^ are printed out and the program 
transfers to the calculation? of Equation (33) for the next time step. 

The Adjoint Equation 

At the computer's option^ 3MM may be used to calculate the adjoint 
fluxes. The equation adjoint to Equation (l) is 

TD (z, E) V0* (x, E) - X t̂ (* E) 0* Cx, E) 

E 

^Ain. feE') 0* (x,E') dE' 

%in 

+- Z J . ^ . . / 0* Cx,E') dE' 
A* C^^A)E ^ 

»fe2c(Euin;05) 

= -Is H f (x,E) Y^ Cx,E) y X f (x,E^) 0* (x, l ' ) dÊ  

%in 

(35) 

The corresponding multigroup equations are almost identical in form 
to Equations (3), C^), and (5) 

VD*^ (x) V0*i (x)tT*i tx) 0*i (x) = H*i (x) i=l,2,3"I 136/ 

g*i (^)^ ^ 5,*ij ̂ ^) 0*j ^^) ̂ ^ * i p* ̂ ^j 3̂-7) 

j=i+i 



P* '(^)- ̂  ^ F*J 0*J Cx) 
J=i 

(38) 

She only difference between these equatioES and Equations (3), (k), 
aad (5) is that the sum in Equation ( .7) is over J7i while in Equation 
(k) it is o¥er j.cio The definitions of the nuclear constants, however, 
are quite differeciSo The adjoint equations ^lalogous to Eqimtions (20) 
throu^i (25) are 

D*i= 

-Ei 

D(B) 0* (E) dE 

l£Ei. 

(39) 

„*i. 

% 

i E^(B) 0 CD ̂  y r,„ iE)^^^L Cl')0*Cl') dE' 

A^(1-<A)E / 0* CE') dE' 

»^x(Ei+,^<E) 

dE 

( to) 

p * i j . s ^inJElnnJE) 

- -%. 
A ^ i n ^ (E) 

Vvin/E') 0* (E') dÊ  

.+1 1 I t l 

(la) 

18 



A Cl-<^)E 
/0*(1 +J^ ^I^^ I f{-&^) m' ^ dE 

X * i ^ 

AE) 

f (E) Vf (E) dE 

^r^j+i 

Ll̂ i+-l 

r^i 

[EI - %t7] 

(in) 

(te) 

F*= X f (E) 0*(E) dE ^ j . E^^,^ 

L:-EJ+, 

0 (E) dE (̂ 3) 

0*i^ % - %f I (i^if) 

The integrations in Equations (39) to (̂ 3) are carried out using the 
f\inctions ̂ f *(E) defined in a manner identical to the ̂ 'î (E) of Equations 
(26), (27), and (28) except that adjoint fluxes are substituted for the 

0\̂  

Detenttination of Critical Conditions 

By a procedure very similar to that described in the section of this 
report on burnout, DMM nay be soade to determine the conditions tmder which 
a reactor is critical. As imput, we specify the address of single number, 
2» wMch is to be varied, the number of iterations, 'Ti, between varia­
tions, a first guess, J, for the amount by which it is to be varied, KQ, 
the reactivity desired, and £, the tolerance for the deviation of the 
final reactivity from KQ* 'She number to be varied might be, for example, 
the mesh spacing in any region, the concentration of one component in any 
region, the density of any region, the power level (since this effects 

19 



the equilibrijia xenon concentration), or any other continuous variable 
of which the reactivity is a function» The equation governing the trial 
changes m ^ is zhe same as Equation {^k} 

-i ,^r \ - {\ • ̂ -,) ^ ^ ^ ^ (^5) 
% - %- , 

Trials are made iteratively until 

Meutron Balance 

^o "• % - £ » 

(il-6) 

IMk computes the various components of neutron transfer from and to 
each group and region and can, at the computer's option, print these out. 
These components are 

1) The degradation from each group, 1, in region kj 

n^„, j^M 

2) The degradation into each group, i, in region k: 

i i _ ^ ^ i^ij ^j ^ 

-^ l-»» 4 ' » " 

3) The production due to fission in each group, i, in 
region k: 

^J^ = ̂  F„ X^ A¥̂  (48) 
n=lk_, 

(i*T) 
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k) fhe loss due to neutron capture from each groap, i, in 
region kt 

5) The los^ due to leakage from each group, i, at the inner 
•boundary of region k: 

6) The loss due to leakage from each group, i, at the outer 
"boundary of region kt 

k^i ^ _ kpi ^ % " ̂ \-i 

(50) 

(51) 
^ A X 

T) The loss due to perpendicular buckling from each group, 
i, in regioa ks 

^X'- IZ, B"V0i,Af^ (52) 
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8) The flujc in each group ia region k: 

\ 

V-̂  X̂  0\^\ (53) 
11=1, 

k-i 

The program also sums these functions over i to give the total transfer 
in each region. 

¥arious ohvious equalities apply to these functions and sums, provid­
ing a check on the operation of the code. 

Iteration on the Perpendicular Buckling 

In finding the reactivity of a cylindrical or slab reactor by means 
of a one-space dimensional program, oae is faced with the problem of 
accotmting for leakage in the direction perpendicular to that being 
studied* This is usually done by specifying a perpendicular buckling, 
B^, and adding B'̂ D to the total cross section^ If the reactor is \inre-
flected in the perpendicular direction the evaluation of B* is simplej 
otherwise it is necessary to determine a value of the reflector savings. 
If the leakage from the core ia the perpendicular direction^^p is known, 
the perpendicular buckling is 

fit ̂ gp 
D0 

The method by which this can be accomplished in D M is as follows: 
The input for two reciprocal versions of the reactor (noraally a cylin­
drical and a slab version) are read in at one time, an initial guess 
being given for the perpendic\il.ar buckling in one of these. .A calcula­
tion is then performed on the first version and the kg|«|', ̂ i , and -^^ 
axe recorded» If the regions from k^jto kg^ have been specified as the 
core region, the program determines cgiS- f J.Q^ ^-^Q equation 

Cgi. 

lS=k4, 

22 

A, 

file:///inre


^^^ is assumed to be zero and the boundary conditions require that X j : 
be zero (wben the reactor is symetric) so that if, as is normal, the core 
includes the central region, these two terms iilll not effect Equation 
(5̂ )« The values of ^B^ obtained in this manner are then used in the 
reciprocal problem as the perpendicular buckling. 

After performing the reciprocal calctilation a set of ^B^ are com­
puted from its results in the same manner and used in the initial prob­
lem. This process is continued iteratively with "^flux iterations per­
formed on each problem between calculations of the CB^. When the two 
reactivities agree within a tolerance, £, the process is terminated. 

Sotes This program uses a different value of the perpendicular buckling 
in each energy group and accomodations must be Biade for this in the cal­
culation of the % i . 


