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lOX, A ONE-DIMENSIONAL DIFFUSION CODE 
FOR GENERATING 

EFFECTIVE NUCLEAR CROSS SECTIONS 

R. W. Hardie 
W. W. Little, Jr. 

ABSTRACT 

BNWL-954 

lDX is a multipurpose, one-dimensional (plane, cylinder, 

sphere) diffusion theory code for use in fast reactor analysis. 

The code is designed to: 

• Compute keff and perform criticality searches on time 

absorption (a), reactor composition, reactor dimensions, 

and buckling by means of either a flux or an adjoint 

model 

• Compute and punch collapsed microscopic and macroscopic 

cross sections averaged over the spectrum in any specified 

zone 

• Compute and punch resonance shielded cross sections using 

data in the "Russian" format. 

All programming is in FORTRAN-IV. Since variable dimen

sioning is employed, no simple restrictions on problem com

plexity can be stated. In a 65K memory, 100-group problems 

are feasible for a moderate number of mesh intervals (~30). 

A representative 26-group keff calculation with 30 spatial 

intervals using data in the "Russian" format requires about 

40 seconds on a UNIVAC 1108. If the cross section data is in 

the "DTF" format, the same problem would require about 

5 seconds. 
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lOX, A ONE-DIMENSIONAL DIFFUSION CODE 
FOR GENERATING 

EFFECTIVE NUCLEAR CROSS SECTIONS 

R. W. Hardie 
W. W. Little, Jr. 

I. INTRODUCTION 

BNWL-954 

IDX is a one-dimensional diffusion theory program designed 

to compute resonance shielded and collapsed group cross sec

tions. Resonance shielded cross sections are calculated using 

data (infinite dilution cross sections and resonance shielding 

factors) in the "Russian" format. (1) Interpolation schemes 

are used to compute shielding factors applicable to specific 

compositions. Collapsed group cross sections by reactor zone 

are calculated using flux-weighting. 

The one-dimensional flux profiles and eigenvalue are 

computed by standard source-iteration techniques. Convergence 

is accelerated using fission source over-relaxation. Adjoint 

calculations are performed by transposing the scattering matrix 

and fission source and then inverting the group order of the 

input data. 

Criticality searches can be performed on time absorption 

(a), material concentrations, region dimensions, and buckling. 

Alpha and keff can be used as parametric eigenvalues . 

The format of the input data (e.g., cross sections, flux 

dumps, geometry, and composition specifications) is compatible 

with the Los Alamos one- and two-dimensional transport codes 
DTF-IV(Z) and ZDF, (3) the BNW two-dimensional diffusion theory 

code ZDB, (4) and the BNW perturbation code PERT-IV. (5) All 

five codes use the same input module. 

All programming is in Fortran-IV. Variable dimensioning 

is employed to make maximum use of the available fast memory. 
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A general description of the mathematical models used in 

lDX is given in Chapters II-V. The appendices are devoted to 

details of code operation. 

, 
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II. CALCULATION OF FLUX AND EFFECTIVE 
MULTIPLICATION CONSTANT 

BNWL-9S4 

Formulation of Difference Equations 

The mUltigroup diffusion equations can be written in the 

form 

D. 1/
2 ~. - Ei ~. + S. = 0, 

1 1 r 1 1 
i = 1, 2, • • ., I GM 

(2.1) 

where 

and 

IGM 
X' L (Vl.f)J S. 1 

~. + 
1 keff J 

j=l 

IGM = number of energy groups, 

i = energy group index, 

~i = flux in group i, 

Si source in group i, 

i-I 

L E (j +i) ~. 
J 

j=l 

Di 
(VEf)i 

i = diffusion constant for group i (= 1/3 Etr ), 

= fission source cross section for group i, 

(2.2) 

E (j +i) 

Ei r 

= downscattering cross section from group j to i, 

removal cross section for group i 

Xi = fission source fraction in group i, 

keff = effective multiplication constant. 

The spatial difference equations in lDX are set up such 

that the mesh point is placed in the center of the homogeneous 

mesh interval. Equations (2.1) and (2.2) are then integrated 

over the volume associated with each mesh point. For example, 

for mesh point k, the integration would be from [rk - (6rk/2)] 

to [rk + (6rk /2)]. 
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The leakage terms are obtained by transforming the volume 

integral over the Laplacian to a surface integral using Green's 

theorem, 

(2.3) 

The flux gradients at the mesh boundary are obtained by inter

polating the two contiguous flux values. Thus, volume integra

tion of Equation (2.1) for mesh point k leads to the expression 

a , k = 1, 2, . ., IM 

(2.4) 

where, for simplicity, the group indices have been omitted, and 

IM = 

~k 

rk 
Vk 

Sk 
}:k r 

Ak,k-l 

'Ok k-l , 

number of mesh intervals, 

flux associated with mesh point k, 

radial position of mesh point k, 

volume associated with mesh point k, 

source rate associated with mesh point 

removal cross section associated with 
point k, 

k, 

mesh 

area of boundary between mesh point k and mesh 
point k-l, 

effective diffusion constant between mesh point 
k and mesh point k-l 

[ 

DkDk_l (ork + Ork_l)] 
Dk,k-l = Dkork _l + Dk_lork 

Note that if the mesh boundary is not a zone boundary, the 

expression for 'Ok k-l reduces to Dk · , 
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If we let 

(2.5) 

and 

Q = a + + ~k V 
~k k a k+l r k (2.6) 

Equation (2.4) can be recast into the convenient form 

k = 1, 2, • . ., 1M (2. 7) 

Discussion of Boundary Conditions 

Three boundary conditions are available in lDX: reflec
-+ 

tive (v~ = 0), vacuum (~ = 0 at 0.71 Atr), and periodic. 

RefZective 

Imagine that a pseudo mesh interval (interval 0) with the 

same composition and thickness of Interval 1 is added on the 
.-

left side of the left boundary. See Figure 1. If v~ = 0 at 

the boundary, then ~O = ~l' Since (~O - ~l) vanishes, the 

coefficient of ~O - 01 [see Equation (2.4)] is immaterial, and 

thus a l can be set equal to zero. 

Vacuum 

Again, imagine that a pseudo mesh interval (interval 

IM+l) with the same composition as interval 1M is added to 

the right side of the right boundary. Since the flux vanishes 

at 0.71 Atr' from Equation (2.5) we see that the appropriate 

coefficient of ~IM - 0IM+l (where 0IM+l = 0) is 

= DIM AIM+l,IM 
0.5 8r IM + 0.71 Atr 

(2.8) 
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IL-__ -------Goundaries----

-... ...... -.-. 

o 

FIGURE 1. Schematic Diagram of Reactor with RefZective 
Left Boundary and Vacuum Right Boundary 

Note that, as in the reflective case, there is no 

bution of the pseudo flux in Equation (2.4); i.e., for 

a 1 = 0, and for 0 = 0 at 0.71 Atr , 0IM+ 1 = O. 

Periodic FZux 

In the periodic boundary condition option, 

and 

From Equation (2.5), we see that 

D1M ,1 A1M+ 1 ,IM 
O.5e ar1 + ar IM ) 

contri---\70 = 0, 

(2.9) 



• 

.. 

I 

7 BNWL-9S4 

It should be stressed that the pseudo mesh intervals dis

cussed above are not in any way a part of the code. They are 

mentioned here only for heuristic purposes. 

Solution of Difference Equations 

The eigenvalue and spatial flux profiles are computed by 

standard source-iteration techniques; i.e., by using an initial 

fission source distribution, the flux profiles in each group 

are sequentially calculated beginning in the top (highest 

energy) group. The flux profiles in each group are computed 

by directly inverting Equation (2.7). After the new fluxes in 

all groups have been calculated, a new fission source distri

bution is computed. The multiplication ratio, A, is then 

obtained by taking the ratio of the new fission source rate to 

the old (previous iteration) fission source rate. The above 

sequence of events is called an outer iteration. 

Before each new outer iteration, the fission spectrum is 

multiplied by l/A, so that A approaches unity as the iteration 

proceeds. The effective mUltiplication constant is simply the 

product of the successive A'S. Convergence is assumed when 

11 - AI < €, where €, the eigenvalue convergence criterion, is 

an input parameter. 

Fission source over-relaxation is employed in lDX to 

accelerate convergence. The procedure is as follows: After 

the new fission source rate profile, F~+l, is calculated, a 

second "new" value, F~+l, is computed by magnifying the dif

ference between the new fission source rate and the old fission 

source rate, FV
, by a factor of 8, the over-relaxation factor. 

Thus, 

(2.10) 

F~+l is then normalized to give the same total source as F~+l 
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The adjoint form of Equation (2.1) is solved by transpos

ing (in energy) the scattering matrix, interchanging the role 

of xi and (v~f)i, and inverting the group order of the cross 

sections, fission spectrum, and velocities. The calculation 

then proceeds as in a flux calculation. Thus, in an adjoint 

calculation, the group indices in the output are inverted, and 

the balance tables lack a direct physical significance. 

• 
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III. DISCUSSION OF SEARCH OPTIONS 

The lDX code computes implicit eigenvalue searches on time 

absorption, material composition, zone thickness, and material 

buckling. In contrast to a keff calculation, the fission 
spectrum is not multiplied by l/A after each outer iteration. 

Instead, after a converged A has been obtained (IA v
+

l - AVI 

< E', where E' is the parametric eigenvalue convergence 

criterion) by a sequence of outer iterations, the desired 

parameter is perturbed to make A approach unity. That is, 

first a converged A is calculated for the initial system. The 

system is then altered by an amount specified in the input 

(the eigenvalue modifier) and a second converged A is calcu

lated. Subsequent parameter changes are determined using 

either linear or parabolic interpolation procedures. The 

iteration is continued until 11 - AI < E. 

Time Absorption (a calculation) 

For simplicity, let us consider the one-group, time depen

dent diffusion equation 

(3.1) 

If we now assume that 

-+ -+ t 
¥,(r,t) = ¥'(r)e a (3.2) 

we can obviously rewrite Equation (3.1) in the form 

(3. 3) 

In a time absorption calculation, the parameter, a, as 

defined and used in Equations (3.2) and (3.3), is computed as 

the eigenvalue. Note that a/v is effectively an absorption 

cross section--hence the name "time absorption." 
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Material Concentration (C calculation) 

1DX can perform a flexible and comprehensive criticality 

search on material composition. Any number of materials can 

simultaneously be added, depleted, or interchanged in any 

number of zones. 

The format for specifying concentration searches can best 

be described by a simple example. Let us suppose that a zone 

mixture, say Mix 10, is to be composed of two materials mixed 

at full density, Materials 8 and 9. Let us further assume that 

Materials 8 and 9 are to be simultaneously interchanged such 

that they occupy a fixed volume fraction, 8, of the zone mix

ture. The 10, 11, and 12 vectors could then be set up as 

shown in the following tabulation. 

Mix Number (IO) Material Number (I1) Material Densitr (I2) 

10 0 0 

10 8 1.0 

10 9 -1. 0 

10 10 0 

10 8 a. - 1.0 

10 9 8 - a. + 1.0 

The first row (10,0,0) instructs the code to clear the 

storage area for Mix 10. The second row (10,8,1.0) and third 

row (10,9,-1.0) cause Material 8 and Material 9 to be added to 

Mix 10 with densities of 1.0 and -1.0, respectively. The 

fourth row (10,10,0) causes the current contents of Mix 10 to 

be multiplied by the eigenvalue. Finally, rows five (10,8, 

a. - 1.0) and six (10,9,8 - a. + 1.0) instruct the code to add 

Materials 8 and 9 to Mix 10 with densities of a. - 1.0 and 

8 - a. + 1.0, respectively. 

All of the foregoing can be summarized by the expression 

L10 1.0'L 8 ·EV - 1.0'L g .EV + (a. - 1.0)L 8 

+ (8 - a. + 1.0)L g (3.4) 
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where 

L IO = macroscopic cross section for Mix 10, 

L8 = full density cross section for Material 8, 

L9 = full density cross section for Material 9, 

EV = eigenvalue. 

Note that for an initial eigenvalue guess of 1.0, Equa

tion (3.4) reduces to LID = a'L 8 + (s - a)L 9 • Therefore, a 

and S - a are simply the initial volume fractions of Mate

rials 8 and 9, respectively. 

Zone Dimensions (0 calculation) 

IDX searches on reactor dimensions by varying the dimen

sions of each mesh interval. Each mesh width, ork , is computed 

from the expression 

o ork = ork [1 + (dimensional modifier)k EV] 

(3.5) 

o where ork is the initial mesh spacing and EV is the eigenvalue. 

Different dimensional modifiers can be specified for each 

zone. 

Buckling (B 2 calculation) 

2 In a buckling search, the quantity D.yB 
1 

zone dependent diffusion constant for group i 

zone dependent buckling modifier) is added to 

(where D. is the 
1 

and y is the 

the 1
· th group 

absorption cross section. The in-group scattering cross 

section, a i , is reduced by the same amount so that the gg 
calculated total cross section remains equal to the input total. 

cross section. The buckling is then computed as the eigenvalue. 
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IV. CALCULATION OF COLLAPSED CROSS SECTIONS 

lDX will collapse any IGM group cross section set (micro

scopic or macroscopic) to a NCR group set (IGM > NCR ~ 1) 

using the fluxes from any specified zone. The regrouping is 

determined by simply specifying the number of fine groups in 

each collapsed group. Thus, the energy bounds of the collapsed 

groups correspond to those in the original group structure. 

The collapsing scheme is as follows: 

Let 

I 

<PI 
-I a 

a (I -TJ) 

= 
= 
= 

= 

collapsed energy group index, 

total flux in collapsed group I, 
average microscopic cross section for the Ith 
collapsed group, 

scattering cross section from group I to 
group J. 

For simplicity, the zone indices have been omitted. We 

now define <PI by the equation 

I 

<PI = I ~i (4.1) 

I 

where the symbol 2: denotes a sum over the initial energy 
groups comprising the Ith collapsed group. 

The fission, absorption, and neutron emission cross sec
tions are calculated such that reaction rates are unaltered by 

the averaging procedure. Therefore, for a f' a a' and va f' 

L i 
~. _ I a 

1 (4.2) a 
<PI 

I 2 

by I 'V ~. 
Since the leakage rate in I is given 1 group --.-- , 

3El 
tr 

the formulation for calculating the transport cross section 

is not as obvious. Two options, normalized weighting and 
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reciprocal weighting, are available in lDX to calculate the 

transport cross section. Normalized weighting is given by 

I 
~. 

2 i 1 

°tr ~ L 1 

- I tr 
°tr == I 

2 ~ . 
1 

--r-

L 1 

tr 

(4.3) 

and reciprocal weighting by 

- I <PI 
(4.4) °tr I 

2 0· 1 --. 
1 

°tr 

where Lt~ lS the macroscopic cross section for the speci

fied zone. 

The collapsed downscattering cross sections are calculated 

by matching the slowing down rates. 
I J 

22 o(i-+j) ~i 
o(I-+J) = 

Thus, 

(4.5) 

Finally, the in-group scattering cross section is calcu

lated from the identity 

- I 
° gg 

NCR 

0; -2 
J=I+l 

0(1 -+J) (4.6) 

.' 
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V. CALCULATION OF RESONANCE SHIELDED CROSS SECTIONS 
USING DATA IN THE RUSSIAN FORMAT 

Cross section data in the "Russian" format is given in 

three sections: infinite dilution cross sections, inelastic 

scattering matrices, and resonance self-shielding factors. A 

brief description of the format and treatment of this data is 

given in the following paragraphs. For a more complete 

description, the reader is referred to the Russian text. (1) 

Infinite Dilution Cross Sections and Inelastic Scattering 

Matrices 

For each energy group of each isotope, nine parameters 

are given. These are defined below. 

v 

°c 

°in 

°e 

~e 

F; 

° d, e 

= total cross section (of + 0c + 0 + o· ), e In 
= fission cross section, 

neutrons released per fission, 

= 
= 

= 
= 

= 

capture cross section, 

total inelastic scattering cross section (including 

°n,2n reaction), 

total elastic scattering cross section, 

average 

average 

elastic 
removal 

cosine of elastic scattering angle, 

lethargy change by elastic scattering, 

slowing-down cross section (in lDX, elastic 
is always to next energy group). 

The second data block contains the inelastic scattering 

matrix, 0in (i-+j). This matrix contains NXCM +1 terms (where 

NXCM is the number of downscattering terms) for each energy 

group--one for in-group scattering and NXCM for scattering to 

the first NXCM lower groups. 

The code cross-checks a substantial portion of the above 

input data using the equations 

° = ° + t f 
+ o. 

In (5.1) 



and 

o. ln, i " o. (i -+j) L ln 
j 

o = d,e 8U 
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(if o = 0) n,2n (5.2) 

(5. 3) 

where 8u is the lethargy width of the group in question. 

Resonance Self-Shielding Factors 

Self-shielding factors are used to account for flux 

depression in the vicinity of large resonances. For each 

energy group of each isotope, self-shielding factors are listed 

for fission, capture, total, and elastic scattering. 

terms, 

In crude 

where 

0 

0 

f 

T 

0
0 

= 
= 
= 
= 
= 

o = f(T,o ) 0 o 

resonance shielded cross section, 

infinite dilution cross section, 

resonance self-shielding factor, 

temperature, 

(5.4) 

sum of total cross sections of all other elements in 
the medium per atom of the isotope under discussion. 

The resonance self-shielding factors are compiled for 

discrete values of 0 and temperature. The format of the input o 
data (for 

Table 1. 

a temperature dependent isotope) is pictured in 

Although three rows of shielding factors are always 

given (if the f factors are temperature dependent), the number 

of columns (discrete 0 values) can vary from 1 to 6. o 

The next two sections describe the interpolation equations 

employed to compute shielding factors for any temperature and 

total cross section. 
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TABLE 1. Format for Resonance Self-Shielding Factors 

Temperature, 1 2 3 
oK a a a 

0 0 0 

T * If 2f 3f a a a a 

Tb If 
b 

2f 
b 

3f b 

T If 2f 3f c c c c 

* T < Tb < T a c 

Temperature Interpolation Equation 

For each 0
0 

column, the shielding factor corresponding to 

the current temperature is computed by the equation(6) 

f(T) = a + SIn T (5. 5) 

where 

S is determined using the two end points, fa and fc' 

a is chosen so that F(T
b

) = f b . 

Although other interpolation schemes may be preferable in 

some instances, Equation (5.5) appears to be satisfactory for 

most FBR analyses. 

~o Interpolation Equation 

If a , the total cross section per atom of all other o 
isotopes, lies between any two tabulated total cross sections, 

say 0
1 and 02, the shielding factor is computed from the o 0 

expression 

f(o ) o 
1 

In (a /0 ) o 0 
(5.6) 
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If 0 is greater than the largest tabulated total cross seco 
tion, oL, or less than the smallest cross section, oS, the fol-

o 0 

lowing approximations are employed: 

1) 0 > o - 10 7 , f = 1. 0, (5. 7) 

-2) 10 7 L f 1.0 
Lf 1.0 7 

> 0 > 0 = + In(o /10 ), 
0 0' ln (0 L /10 7) 0 

0 

3) f 

Iteration to Obtain Total Cross Sections 

Since 0 of each isotope cannot be obtained o 

(5.8) 

(5.9) 

until the 

total cross section of all other isotopes is 

iterate to obtain both the shielding factors 

known, one must 

and the total 

cross sections. 

An initial estimate of 0 for each energy group of the 
o 

kth isotope is 

where: 

1 
o o,k N.o

t 
. 

J , J 
(5.10) 

o o,k total crofis section (excluding itself) per atom 
of the kt isotope, 

total cross section of jth isotope, °t . , J 
Nk = atom density of kth isotope. 

For simplicity, the group index is suppressed. 

Subsequent approximations to the total cross section are 

obtained using the algorithm 

v+l 
o o,k N (fV 0 . + fV 

j c,j c,J f,j °f,j 

v 
+ f . 0 

e,J e,j + a in,j) (5.11) 
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where v is the iteration index. The symbol fV indicates that 

f has been evaluated using the v
th value of 0

0
. It has been 

found that typical problems converge very well in four or five 

iterations; hence the number of iterations on a k has been 
0, 

set equal to five. 

Heterogeneity Correction to 0
0 

If desired, lDX will compute the total cross section for 

each fuel isotope using the Bell modification(7) to the 

rational approximation. That is, 

L (f) L(m)V 
1 t + t m 

a o,k = 
l'Jk Nk Vf 4v m L(m) 1 + 

Sf t 

(5.12) 

or 

L (f) L(m)V 
1 t + t m 

a = 
o,k l'Jk Nk Vf 1 + X (m) " Lt 

(5.13) 

where 

L (f) macroscopic total cross section in fuel exclud-t ing isotope k, 
L(m) = macroscopic total cross section in moderator t region, 

Nk = atom density of isotope k in fuel region, 

Vf volume of fuel region, 

Vm volume of moderator region, 

Sf = area of fuel region, 

X = 4 (V f + Vm)/Sf' 

(m)" Lt = V L(m)/(V + 
m t f Vm) . 

The heterogeneity constant, X (in units of centimeters), 

is the only input parameter. Note that X = 0 corresponds to a 

homogeneous mixture of fuel and moderator. 
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Correction to Elastic Removal Using Current Flux Spectrum 

By necessity, the infinite dilution cross sections and 

shielding factors were formulated without reference to a 

particular reactor system. Consequently, group cross sections 

were calculated using an assumed in-group flux spectrum. The 

Bondarenko(l) cross sections, for example, were computed using 

a fission spectrum weighting in the top 3 groups, and a con

stant flux [~(u) = C] weighting in the remaining groups. 

For most cross sections, the above procedure is probably 

adequate. For elastic moderation, however, appreciable errors 

can be encountered if the flux that contributes to elastic 

moderation departs significantly from the group averaged flux. 

Since elastic moderation (group transfer) usually origi

nates near the lower group boundary (~«ou), it is clearly 

more logical to use the lower boundary flux than the group 

averaged flux for computing elastic moderation. 

As an option, after calculating a converged eigenvalue 

and fluxes, lDX will recompute the elastic moderation cross 

section, 0d ,using the multigroup fluxes from any specified ,e 
zone. For group i (except for i = 1), the elastic moderation 

rate for each isotope is computed using the flux at lethargy 

point u~ where 
1 

u~ 
1 

u. - 0.66 ~ 
1 

(5. 14) 

Using linear interpolation on ~oe0(u), ° is then computed d,e 
using the expression 

{c CO e) i 
u~ 

-
[~Ciii+l) _i 1 - u. 

(~a )i+l + 1 1 
a = ou. d,e u. 1 u. ~ (u. ) e 1 -1+ 1 1 

- CCO e ) i]} (5.15) 
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for i = 2, .. . , IGM (see Figure 2). Although any number of 

iterations on ad (i.e., spectrum recalculations) can be 
,e \ 

made, it has been found that ad converges well in a few ,e 
iterations (~5). 

-e
OJ 

10 
W' 

Group i + Group 

.---ou i + 1 __ ..... __ ou i ---I~ 

I 

O.66 s- :-- 0 
I , 

N" l 
, "'Y I 

'" ... I I 
, '" : I 

rY' I I 
Y I I 

I I I 
I I I 
I I I 
I I I 
I I I J 

";+1 / I U. 
1 

U = 0 

U . I 

1 U • 
1 

---Lethargy 

FIGURE 2. Schematic Diagram of Elastic Removal Model 

Equations for Multigroup Cross Sections 

The lDX code uses and punches cross sections in the "DTF" 

format: 

a(i-l+i) 

The bar indicates that the cross sections include resonance 

self-shielding. 
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The above cross sections are computed from data In the 

"Russian" format using the following equations: 

-1 fi 1 (5.16) of = of f 

-i fi fi i 

[t a
i 

] 
1 + 0. (i-+j) °a = Of °c - -f c In In 

(5.17) 

(vof)i i fI 1 (5.18) = \! of f 

_i [f~ i ~~ i fi i a~n) ] (1 i 
°tr = °t 

- of + °c + - ).le) c 

+ fi 1 + fi i 
+ 

i (5.19) of ° 0· f c c In 

o(i-l-+i) -i-l + (i-l-+i) (5.20) = ° 0. d,e In 

a(i-2-+i) = 0. (i-2-+i) (5.21) In 

B (i - 3 -+i) = 0· (i-3-+i) (5.22) In 

o (i-+i) (5.23) 

A few words should be given to the treatment of ° 2 . n, n 
Since most codes do not handle ° 2 directly, it must be n, n 
incorporated in the above cross section format. This is 

accomplished by adding 2 x ° 2 to the inelastic scattering n, n 
matrix and subtracting ° 2 from the capture cross section. n, n 

• 
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APPENDIX A 

SIMPLIFIED LOGICAL FLOW DIAGRAM 

A simplified logical flow chart is given on the following 

two pages. With the exception of two minor subroutines, CLEAR 

(sets an array equal to a specified constant) and ERR02 (prints 

error messages), all subroutines and their functions are shown 

in the flow diagram. 
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INP REAG2 

Co~trols Reading and Reads Floating Poi nt 
CALC Printing of All I ~put Data in Generalized 

Program Management. Data IExcept C ross Section s). Format. 

REAI2 

Reads Integer 
Data in Generalized 
Format. 

RCINPI RCPUP 

Reads Cross Section Reads Cross Section 
Data in the Russian Data in the Russian 
Format from Cards. J-- Format from Cards. 

1 
RCCHK RCPRTl 

Checks Cross Section J Prin;s Cross Section 
Data in the Russian Data in the Russian 
Format for Consistency. Format. 

RCSTUP 

Computes f-factors for 
Temperature Dependent 
Isotopes. 

r+ RCCALl 

e. 
Calculates er. 

0 

3 
c 
. .3 
~ 
~ -

bO 

RCCAL2 

Calculates f-factors. --
.. ... RCCSS 

Calculates Resonance 
Shielded Cross Sections. 

c. 
0 

~ 
c 
0 

~ RECS 
~ Reads Cross Sections -

'" in DTF Format a~d b-6 
Make Cross Section Tape. 
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.llill 
Calculates Miscellaneous 
Parameters (e.g., cross section 
mixes, geometric parameters). 

g. 
.3 

~ 
FI SCAl 

V> 
Calculates Fission Sums 
and A and Normalizes 
Flux and Fission Rate. 

r+ MONPR 

Monitor Print--
Prints Time, EV, >., etc. 

g. 
.3 
" :.:> 

u:: OUTER INNERl 

Performs an Outer Calculates Coefficients 
Iteration. for the Flux Equation. 

INNER 

Calculates the Flux 
for Specified Group. 

FI SCAl 

Recalculates Fission Sums 
and )"and Renormalizes 

CNNP Flux and Fission Rate. 

Perform s Converg ence - Tests and Calculates New 
Parameters for Searches. 

FINPR 
MONPR 

Fi ,lal Pri nt--Pri nts 
Monitor Print. Radii. Areas, Fluxes, etc. 

NBAl 

Computes and Prints 
Balance Tables. 

GRAM 

Computes and Prints 
Material Inventories. 

CRUNCH 

Calculates. Prints, and 
Punches Collapsed 
Cross Sections 
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APPENDIX B 

INPUT INSTRUCTIONS 

BNWL-9S4 

The following pages describe the input data for lDX. 

Most input is read in via generalized input subroutines. The 

format for data read in through the generalized input sub

routines must adhere to the following form: All cards must 

contain six data fields of 12 columns each, either 6(11,12,19) 

for integer data or 6(Il,I2,E9.4) for floating point data. 

The last nine columns of each field contain the data associated 

with the particular field; columns 2-3 contain an integer, N, 

from 0 to 99. The first column of each field must contain: 

o no effect (N = 0), 

1 - repeat associated entry N times, 

2 - do N linear interpolations between associated data 

entry and succeeding data entry, 

3 - terminate reading of this array with previous data 

entry. 

Variable Columns Description 

CARD 1: FORMAT (11A6,I6) 

To run a series of cases~ repeat from this card. 

ID(1l) 

MAXT 

CARD 2: 

A02 

104 

1-66 

67 -72 

Identification card. 

Maximum running time (minutes). Not used 
if zero. 

FORMAT (1216) 

1-6 Problem type: 
= 0, regular calculation, 
= 1, adjoint calculation. 

7-12 Eigenvalue type: 
= 1, keff' 

2, time absorption (a), 
= 3, concentration (C), 
= 4, zone thickness (6), 
= 5, buckling (B2). 



Variable 

S02 

IGM 

NXCM 

ML 

M07 

NPRT 

NPUN 

NRCF 

NIFF 

MMOI 

CARD 3: 

IGE 

1M 

IZM 

MT 

MOl 

Columns 

13-18 

19-24 

25-30 

31-36 

37-42 

43-48 

49-54 

55-60 

61-66 

67- 72 

B-2 

Description 

Parametric eigenvalue type: 
= 0, none, 
= 1, keff, 
= 2, a.. 

Number of energy groups. 

Number of downscattering terms. 

BNWL-954 

= -N, N input cross section materials from 
tape on logical unit IS, 

= +N, N input cross section materials from 
cards. 

Initial flux guess option: 
= 0, none, 
= 1, fluxes from cards. 

Print option: 
= 0, delete printing of cross section 

data and fluxes (mini), 
= 1, delete printing of input cross 

sections in the Russian format (midi), 
2, full print (maxi). 

Flux dump option: 
= 0, no punch, 
= 1, punch fluxes. 

Number of mixes used in generating reso
nance shie lded cros s sections. If NRCF 
= 0, cross section data is in DTF format. 

Number of spectrum recalculation itera
tions in the calculation of ad, e' (See 
Equation 5.15.) Not used if NRCF = O. 

Number of mixture specifications for 
generating resonance shielded cross sec
t ions. (See Appendix D for s amp Ie 
problem.) 

FORMA T (12 I 6 ) 

1-6 Geometry: 

7-12 

13-18 

19-24 

25-30 

= 0, plane, 
= 1, cylinder, 
= 2, sphere. 

Number of space intervals (~3). 

Number of material zones. 

Total number of materials, including 
mixes. 

Number of mixture specifications. 



Variable 

BOl 

B02 

NCR 

NXINP 

NTR 

NFGM 

IPUN 

Columns 

31-36 

37-42 

43-48 

49-54 

55-60 

61-66 

67-72 

B-3 

Description 

Left boundary condition: 
= 0, vacuum, 
= 1, reflective, 
= 2, periodic. 

Right boundary condition. 

BNWL-954 

Number of collapsed groups. If NCR ~ IGM, 
no group collapsing calculation is done. 

Number of collapsed downscattering terms. 
lDX also calculates this quantity, NXCMP. 
If NXINP = 0, NXCMP is used. If 
o < NXINP < NXCMP, 

NXCMP 

a (I -* I + NXINP :: I 0 (I -* J) 

J=NXINP 

Type weighting for collapsed 0tr: 
= 0, normalized [Equation (4.3)], 
= 1, reciprocal rEquation (4.4)]. 

Number of collapsed materials. 

O. print collapsed cross section data, 
= 1, punch collapsed cross section data, 
= 2, write collapsed cross section data 

to t~pe on logical unit 16, put end of 
file (EOF) mark after last material, 
and rewind tape. 
3, write collapsed cross section data 
to tape on logical unit 16 (an EOF mark 
is not put on tape and tape is not 
rewound). 

If IGM group data is desired as output, 
set NCR equal to IGM and continue as in a 
group collapsing calculation. 

CARD 4: FORMAT (6E12.6) 

EV 1-12 Initial eigenvalue guess. 
search calculations.) 

(Used only in 



Variable 

EVM 

S03 

BUCK 

LAL 

LAH 

Columns 

12-24 

25-36 

37-48 

49-60 

61-72 

B-4 BNWL-954 

Description 

Initial eigenvalue modifier. This value 
should decrease keff--i.e., EV + EVM 
should produce a lower keff than EV. 
Since EV and EVM are completely problem 
dependent, no representative values can 
be given. However, these parameters are 
important so some thought should be given 
to estimating a reasonable value. (Used 
only in search calculations.) 

Parametric eigenvalue (see third word on 
Card 2). 

Buckling (cm- 2). Caution--search calcula
tions that include a buckling term cannot 
be performed using input cross sections 
(mixes) directly in zones. Furthermore, 
a given input mix cannot be used directly 
in two or more zones in keff or search 
problems that have a buckling term. These 
problems can be avoided by mixing with a 
densi ty of 1. O. If searching on buckling, 
BUCK should be zero. 

Lower limit on IA - 11, where A-I is, 
in essence, the predicted change in the 
current reactivity. After LAL is reached, 
the eigenvalue slope is no longer altered. 
LAL is used only in search calculations. 
Recommended value ~0.005. 

Upper limit on IA - 11. If IA - 11 is 
greater than LAH, LAH rather than A-I I 
is used in predicting the new eigenvalue. 
LAH is used only in search calculations. 
Recommended value ~0.5. 

CARD 5: FORMAT (6E12.6) 

EPS 1-12 Convergence criterion on the total fission 
source rate. The problem is automatically 
terminated after 100 iterations. 

EPSA 13-24 Parametric eigenvalue convergence crite
rion. The eigenvalue is recalculated when 
IAv+l - Avl is less than EPSA. EPSA is 
only used in search calculations. Recom
mended value %10 x EPS. 

• 



Variable Columns 

POD 2S-36 

ORF 37-48 

SOl 49-60 

B-S BNWL-9S4 

Description 

Parameter oscillation damper. Ratio of 
the computed eigenvalue change to the 
predicted eigenvalue change. POD can be 
used to accelerate convergence or damp 
out oscillations. (Used only in search 
calculations.) 

Over-relaxation factor. If instabilities 
arise, reduce ORF. Recommended value 
~1.4. 

If X is negative the total 
normalized to Ixf Mwt using 
factor of 2lS MeV/fission. 
X = total source/keff. 

power is 
the conversion 
If positive, 

CARD 6: FORMAT [6(Il,I2,E9.4)]* 

OptionaZ--required if MO?c1. 

NO(IM,IGM) 1-12 Initial flux guess for first mesh point 
in fi rs t group. 

NO (IM, IGM) 13-24 Initial flux guess for second 
in first group. Continue for 
points and all energy groups. 

mesh point 
all mesh 

The flux 

CARD 7: 

RO (IM+l) 

RO (IM+l) 

CARD 8: 

MO(IM) 

MO (1M) 

guess for each group does not start on a 
new card. 

FORMAT [6(Il,I2,E9.4)] 

1-12 Spatial position (cm) of first mesh 
boundary (0.0). 

13-24 Spatial position of second mesh 
boundary. 

FORMAT [6(Il,I2,I9)] 

1-12 

13-24 

Zone number for first mesh interval. 

Zone number for second mesh interval. 

* GeneraZized input format (see page B-1). 



Variable 

CARD 9: 

M2 (I ZM) 

M2(IZM) 

B-6 

Columns Description 

FORMAT [6(11,12,19)] 

1-12 

13-24 

Material number for first zone. 

Material number for second zone. 

BNWL-9S4 

CARD 10: FORMAT [6(II,I2,E9.4)] 

OptionaZ--pequiped if BUCKIO op if I04=5. 

GAM(IZM) 1-12 Buckling modifier for first zone. 

GAM (IZN) 

CARD 11: 

K7 (IGM) 

K7(IGM) 

CARD 12: 

V7(IGM) 

V7 (IGM) 

13-24 Buckling modifier for second zone. 

FORMAT [6(I1,I2,E9.4)] 

1-12 Fission fraction (spectrum) in first 
energy group. 

13-24 Fission fraction in second energy group. 

FORMAT [6(I1,I2,E9.4)] 

1-12 Neutron velocity for first energy group 
(cm/sec). Not used if I04r2 and S02r2. 

13-24 Neutron velocity for second energy group. 

CARD 13: FORMAT [6(11,12,19)] 

OptionaZ--pequiped if M01>O. Fop instpuctions in setting up 

the IO, Il, and I2 capds fop a "C" seapch and fop a sample 

ppoblem using data in the Russian fopmat, Bee Chaptep III and 

Appendix D, pespectively. 

IO(M01) 1-12 Material number of Mix 1. 

IO(M01) 13-24 Material number of Mix 1. 

IO(M01) N-(N+12) Material number of Mix 2. 

CARD 14: FORMAT [6(11,12,19)] 

OptionaZ--pequiped if M01>O. 

I1(M01) 1-12 o. 
I1(M01) 13-24 Material number of first material in Mix 1. 

I1(M01) 

I1(M01) 

25- 36 Material number of second material in 
Mix 1. 

N-(N+12) O. 
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Variable 

Il(MOl) 

B-7 BNWL-9S4 

Columns Description 

(N+13) Number of first material in Mix 2. 
-(N+24) 

CARD 15: FORMAT [6(Il,I2,E9.4)] 

Optional--required if M01>O. 

I2(MOl) 1-12 0 (to clear storage area for Mix 1). 

I2(MOl) 13-24 

I2(MOl) 25-36 

I2(MOl) N-(N+12) 

I2(MOl) (N+ 13) 
-(N+24) 

Concentration of first material in Mix 1 
(atoms/barn-em). 

Concentration of second material in Mix 1. 

o (to clear storage area for Mix 2). 

Concentration of first material in Mix 2. 

CARD 16: FORMAT [6(Il,I2,E9.4)] 

OptionaZ--required if I04=4. 

R3 (I ZM) 1-12 

R3(IZM) 13-24 

Dimensional modifier for first zone (if 
zero, zone width is held constant). 

Dimensional modifier for second zone. 

CARD 17: FORMAT [6(IlzI2,I9)] 

OptionaZ--required if NCRs .. 1GM. 

NPN(NCR) 1-12 Number of 
collapsed 

NPN(NCR) 13-24 Number of 
collapsed 

CARD 18: FORMAT [6(Il,I2,I9)] 

OptionaZ--required if NCR~IGM. 

original groups in first 
group. 

original groups in second 
group. 

NFP(NFGM) 1-12 Material number of first material to be 
collapsed. 

NFP(NFGM) 13-24 Material number of second material to be 
collapsed. 
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Variable Columns Description 

CARD 19: FORMAT [6(11,12,19)] 

Optional--required if NCR9GM. 

NZN(NFGM) 1-12 Zone number of fluxes used for first 
collapsed material. 

NZN(NFGM) 13-24 Zone number of fluxes used for second 
collapsed material. 

CARD 20: FORMAT [6(11,12,19)] 

Optional--required if NRCF>O. 

ZN(NRCF) 1-12 Zone number of fluxes used in 0d e itera
tion for first cross section mix: 

ZN(NRCF) 13-24 Zone number of fluxes used in 0d e itera
tion for second cross section mix. 

CARD 21: FORMAT [6(11,12,19)] 

Optional--required NRCF>O. 

HETC(NRCF) 1-12 

HETC (NRCF) 13- 24 

Heterogeneity constant (cm) for first 
cross section mix. See Equation (5.13). 

Heterogeneity constant" for second cross 
section mix. 

CARD 22: FORMAT [6(I1,12,19)] 

Optional--required if NRCF>O. 

J1(MM01) 

J1(MMOl) 

J1(MM01) 

Jl(MM01) 

J1(MM01) 

1-12 

13-24 

25-36 

Not used. 

Number of first input isotope in first 
cross section mix(~ML). 

Number of second input isotope in second 
cross section mix. 

N-(N+12) Not used. 

(N+ 13) 
-(N+24) 

Number of first input isotope in second 
cross section mix (~L). 

• 
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Variable Columns Description 

CARD 23: FORMAT [6(I1,I2,E9.4)] 

OptionaZ--required if NRCF>O. 

ATEM(MM01) 1-12 

ATEM(MM01) 13-24 

ATEM(MM01) 25-36 

Not used. 

Temperature of first input isotope in 
first cross section mix. 

Temperature of second input isotope in 
first cross section mix. 

CARD 24: FORMAT [6(I1,I2,I9)] 

OptionaZ--required 

MF(MM01) 1-12 

MF(MM01) 13-24 

MF(MM01) 25-36 

if NRCF>O. 

Not used. 

Fuel or moderator designation (Oil = fue11 
moderator) of first input isotope in first 
cross section mix. 

Fuel or moderator designation of second 
input isotope in first cross section mix. 

CARD 25: FORMAT [6(I1,I2,E9.4)] 

OptionaZ--required if NRCF>O. 

U7(IGM) 1-12 Lethargy width (ou) for first energy 
group. 

U7(IGM) 13-24 Lethargy width for second energy group. 

CARD 26: FORMAT [6(I1,I2,I9)] 

OptionaZ--required if NRCF>O and ML<O. 

NUT(IMLI) 1-12 Sequence number on cross section tape 
(generated by PUPX) of first input 
isotope. 

NUT ( I ML I ) 13-24 Sequence number on cross section tape of 
second input isotope. 

CARD 27: FORMAT (A6,E6.2,7I6,3E6.0) 

OptionaZ--required if NRCF>O and ML>O. 

HOLN(ML) 1-6 Name (of first input isotope). 



Variable 

ATW(ML) 

NT(ML) 

NGB(ML) 

NGE(ML) 

NPFF (4,ML) 

NPFF(4,ML) 

NPFF(4,ML) 

NPFF(4,ML) 

TEM (3, ML) 

TEM (3 ,ML) 

TEM(3,ML) 

B-lO BNWL-954 

Columns Description 

7-12 Atomic weight (used in calculating mate
rial inventories). Caution--if NRCF>O 

13-18 

19-24 

25-30 

31-36 

37-42 

43-48 

49-54 

and the same input isotope is in more than 
one mix used in generating resonance 
shielded cross sections, the material 
inventory table is frequently in error. 

= 0, isotope is not temperature dependent, 
= 1, isotope is temperature dependent. 

Group number where f-factors start. 

Group number where f-factors end. 

Number of discrete °0 values for fission 
f-factors. 

Number of discrete °0 values for capture 
f-factors. 

Number of discrete °0 values for total 
f-factors. 

Number of discrete °0 values for elastic 
scattering f-factors. 

55-60 First temperature f-factors are given for. 

61-66 Second temperature f-factors are given 
for. 

67-72 Third temperature f-factors are given for. 

CARD 28: FORMAT (12E6.3) 

Optional--required if NRCF>O, ML>O, and NPFF(l,ML»O. 

SF(4,ML,6) 1-6 First discrete 00 value for fission 
f-factors. 

SF(4,ML,6) 7-12 Second discrete 00 value for fission 
f-factors. 

CARD 29: FORMAT (12E6.3) 

Optional--required if NRCF>O, ML>O, NPFF(l,ML»O, and NT (ML) = o. 
FF(4, 1-6 First fission f-factor for group NGB(ML). 

3xIGM, 6) 

FF(4, 7-12 Second fission f-factor for group NGB(ML). 
3xIGM,6) 
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Variable Columns Description 

F F ( 4, 3x I GM, 6) N-(N+6) First fission f-factor for group 
NGB (ML) + 1. 

Continue through group NGB(ML); then repeat cards 28 and 29 

for capture 3 total 3 and elastic scattering if NPFF(2 3ML)3 

NPFF(3 3ML) and NPFF(4 3ML) are not equal to zero respectively. 

CARD 30: FORMAT (12E6.3) 

Optional--required if 

NT(ML) = 1. 

FF(4,3xIGM,6) 1-6 

FF(4,3xIGM,6) 

FF(4,3xIGM,6) 

FF(4,3xIGM,6) 

7-12 

N-(N+6) 

(N+ 7) 
-(N+12) 

First fission f-factor for group 
NGB(ML) at temperature TEM(l,ML). 

Second fission f-factor for group 
NGB(ML) at temperature TEM(l,ML). 

First fission f-factor for group 
NGB(ML) at temperature TEM(2,ML). 

Second fission f-factor for group 
NGB(ML) at temperature TEM(2,ML). 

Continue for TEM(3 3ML) and through group NGB(ML); then 

repeat cards 28 and 30 for capture 3 total 3 and elastic 

scattering if NPFF(2 3ML)3 NPFF(3 3ML)3 and NPFF(4 3ML) are not 

equal to zero respectively. 

CARD 31 : FORMAT (I 3, FlO. 4, F 9. 4, F 5. 3, FlO. 4, F 6. 4, F 9. 4, F 6. 4, 

F6.4,F8.4) 

Optional--required if NRCF>O and ML>O. 

Group index 1-3 Group number. 

SR(9,IGM) 4-13 °t (for first group) . 

SR(9,IGM) 14-22 ° f· 
SR(9,IGM) 23-27 \! • 

SR(9,IGM) 28-37 °c' 
SR(9,IGM) 38-43 0· • ln 
SR(9,IGM) 44-52 °e' 
SR(9,IGM) 53-58 ].le· 



Variable 

SR(9,IGM) 

SR(9~IGM) 

Columns 

59-64 

65-72 

Repeat through group IGM. 

B-12 

~ . 
ad . , e 

Description 

CARD 32: FORMAT [I3,E7.4,10E6.4/(12E6.4)] 

Optional--required if NRCF>O and ML>O. 

Group index 
SM(IGM,NXCM+1) 

SM(IGM,NXCM+1) 
SM(IGM,NXCM+1) 

1-3 

4-10 

11-16 

17-22 

Group number. 
o. (i ~ i ) - - for fir s t g roup. 

In 
o. (i~i+1). 

In 
o. (i~i+2). 

In 

BNWL-954 

Continue through o. (i~i+NXCM). Repeat through group IGM. -z..n 
Repeat from card 27 for ML isotopes. 

CARD 33: FORMAT (A6,E6.2,10A6) 

Optional--required if NRCF=O. 

HOLN(ML) 1-6 Name (of first input isotope). 

ATW(ML) 

AA(lO) 

7-12 

13-72 

CARD 34: FORMAT (6E12.5) 

Atomic weight. 

Miscellaneous information. 

Optional--required if NRCF=O and ML>O. Punched cross section 

data from lDX is also -z..n this format. 

C(ITL,IGM,ML) 1-12 of (barns)--for first group of first 
isotope. 

C (ITL, IGM,ML) 

C (ITL, IGM, ML) 

C(ITL,IGM,ML) 
C(ITL,IGM,ML) 
C (ITL, IGM,ML) 

13-24 

25-36 
37-48 
49-60 

61-72 

°a' 
vOf' 

°tr' 
o(i~i). 

o(i-1~i). 

Continue through o(i-NXCM~i). Repeat through group IGM. 

Repeat from card 33 for ML isotopes (if ML<O, simply repeat 

card 33 for each input isotope). 
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• 10(111 MAXT 

Identification card Max. Running 
Time (min) 

A01 104 i.Q.l .lliM. NXCM J.\L M07 NPRT NPUN NRCF ~ MMOI 

Problem Eigenvalue Parametric No. of No. of • -N,N Initial Flux Print Flux Punch No. of No. of No. of Mix 
Type, Type, Eigenvalue Energy Down- Input Guess Option, Option, Option, Mixes Used Spectrum Specifica-
• 0, Regular '1, kef! Type, Groups Scattering Materials '" 0, None "0, Mini • 0, No Punch in Genera- Recalculation tions for 
o I, Adjoint 

• 1, Absorp-
• 0, None Terms From Tape o I, Fluxes • I. Midi • I, Punch ting Iterations Generating 

tion 1<>1 '1, keff • -IN, N From Cards '1, Maxi Fluxes on Resonance in the Shielded 

= 3, Concen- '1,~ 
Input Cards Shielded Calculation Cross 

tration ICI Materials Cross of os: e Sections 
From Cards Sections • 4, Zone 

(If NRCF' 0, Thickness 101 1 
XS Data is in • 5, Buckling (B I 
DTF Formatl 

• 

IG[ .!!>t IZM 1M MOl BOI B01 NCR NXINP NTR NFGM .!f!!!i 
Geometry, No. of No, of Total No. ~lo. of Left Right No. of NO. of Type No. of • 0, Print 
o 0, Plane Space Material of Materials Mixture Boundary Boundary Collapsed Collapsed Weighting Collapsed Collapsed 
o I, Cylinder Intervals Zones Including Specifica- Condition, Condition Groups Down- for Materials C ross Section 
o 1, Sphere Mixes tions 00, Vacuum (If NCR ~IGM scattering Collapsed Data 

o I, Reflec- No Group terms "tr o I, Punch 
tive Collapsingl 

(If NXINp· 0, Collapsed Data 
o 1, Periodic 

Calculated 
o 0, Normalized 02, Write 

by Code I 
= 1, Reciprocal Collapsed Data 

on Tape, [OF, 

• 
and Rewind Tape 
03, Write 
Collapsed Data 
on Tape 

l 
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APPENDIX C 

STORAGE REQUIREMENTS 

BNWL-954 

lDX uses variable dimensioning by storing the subscripted 

variables in one array, A(35000). The variable dimensioned 

arrays require N storage locations (N ~ 35000), where 

N = MAX (Nl,N Z) 

Nl = IGM (13 + 5oMMOl t - 40NRCpt + NXCMt + 83 t + IX) 
x x + IZM(ML + IGM + 4 + ZoNCR + ZoIGM + 1*) 

+ IM(4 oIGM + lZ) 
+ ML(4 + 34t) 

+ 4 oMOl 

+ 3 oMMOl t 

+ 3 0NRCpt 

+ NCR x 

+ MT(NXCM + 5) 
+ ZoNPGMx 

+ lZ 

and 

NZ = IGM(2 + 5 oMMOl t - 40NRCpt + NXCMt + 83 t +lx) 
x x 

+ IZM(IGM + 3 + ZeNCR + ZoIGM + 1*) 
+ MT(NXCM + 5) (IGM + 1)4---

+ IM(IGM + 7) 

+ ML(4 + 34t) 

+ 3 oMO 1 

+ 3 o MMOl t 

+ 30NRCpt 

+ NCRx 

+ ZoNFGM x 

+ 4 

All of the above variables are input to lDX on cards 1 and Z. 

t 
resonance shielding calculation 

x 
group collapsing calculation 

* delta (8) eigenvalue calculation 



," 
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APPENDIX D 

SAMPLE PROBLEM 

This section demonstrates the procedure used in setting 

up a lDX input deck for a problem using cross section data in 

the Russian format. The problem is a 26 group keff calcula

tion for a two-zone spherical reactor (see Figure D.l). The 

number of mesh intervals (1M) is 30 (20 for core and 10 for 

blanket); each interval is equal to 2 cm. The number of 

mixes used in generating resonance shielded cross sections 

(NRCF) is two, one mix for the core and one for the reflector. 

Atom Densities 

Isotoee Core Blanket 

Pu 239 0.0020 0.0000 

2 u238 0.0080 0.0150 

3 0 o .0192 0.0300 

4 Fe o .0120 0.0200 

ML=5 Na o .0110 0.0050 

FIGURE D-1. Schematic Diagram of Reactor Considered 
in Sample Problem 

11 

The input is self-explanatory, except perhaps, for the 

10, II, 12, and Jl arrays (see Table D.l). If the cross sec

tion data is in the DTF format, the II array gives the mate

rial number (macroscopic or microscopic) of the cross section 

to be added to material 10 at density 12. However, for cross 

section data in the Russian format, the array Jl is the 

number of the input isotope and II is the resulting material 



D-2 BNWL-954 

number of the shielded cross section set. In the sample prob-

1 f 1 U238 h d .. . d· d ern, or examp e, , t e secon Input Isotope, IS eSIgnate 

material 2 (in the core) and material 6 (in the reflector). 

Because of resonance shielding, it is necessary to give the 

same isotope a different material number whenever it is used 

in a cross section mix. From MM01 (the number of cross sec

tion mix specifications) + 1 to MOl, the 11 vector has the 

same meaning as when the data is in the DTF format. Thus, in 

1 12 13 d 14 1 · . U2380 our examp e, rows , ,an res u t In a macros cop 1 c 2 

cross section set calculated in the reflector mix environment. 

TABLE D-l. MateriaZ Specifications for SampZe ProbZem 

10 11 12 J1 

1 10 0 0 0 
2 10 1 0.0020 1 
3 10 2 0.0080 2 
4 10 3 0.0192 3 
5 10 4 0.0120 4 
6 10 5 0.0110 5 
7 11 0 0 0 
8 11 6 0.0150 2 
9 11 7 0.0300 3 

10 11 8 0.0200 4 
11 (MM01) 11 9 0.0050 5 
12 12 0 0 
13 12 6 0.0244 
14 (MOl) 12 7 0.0488 



lOX SAMPLE PROBLIlM 2 
o 1 26 10 -5 0 1 0 2 5 11 
2 30 2 12 14 1 0 4 0 1 II 0 

0.0 0.0 .0 0.0 .001 .5 
1.0-6 1.0-5 1.0 1.3 -400.0 

219 0.02 9 40.0 60.03 RO 
120 1110 23 MO 

10 113 M2 
0.020 0.098 0.190 0.268 0.196 0.135 K7 
0.058 0.022 0.009 0.003 0.001115 0.0 K7 

3 K7 
126 1.03 V7 
1 6 101 5 111 3 123 10 

0 1 2 3 4 5 11 
0 6 7 8 9 0 II 
6 73 11 0 , 
0 .0020 80 .0192 .0120 .0110 12 '" 0 .0150 • 300 .0200 .0050 0 12 

.0244 .04883 12 
4 4 6 123 NPN 
1 2 3 4 5 10 NFP 
6 7 8 9 113 NFP 

6 II 5 23 NZN 
1 23 ZN 

1 2 1.03 HETe 
1 2 3 4 5 Jl 

0 2 3 4 53 Jl 
1 6 900.01 5 800.03 AT EM 
1 4 1 2 11 3 01 2 13 MF 
1 3 .481 2 .571 3 .6911 7 .77 1.03 U7 

1 4 6 8 103 NUT 



A02 
104 
S02 
IGM 

NXCM 
ML 

M07 
NPRT 
NPUN 
NRCF 
NIFF 
MMOl 

IGE 
1M 

IZM 
MT 

"101 
BOI 
BO;> 
NCR 

NXINP 
NTR 

NFGM 
IPUN 

EV 
EVM 
50:3 

BUCK 
LAL 
LAH 

* * -4C * lOX * * * * 

lOX SAMPLE PROBLEM 

OI1=REGULAK CALCULA TI 0111 ADJOINT CALCULJ\ TI ON 
EIGENVALUE TYPE (1/2/3/4/5=KEFF/ALpHA/CONCENTRATION/DELTA/BUCKLING) 
PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA) 
flU~IBER OF ErlERGY GROUPS 
NU~1BER OF DOWI'JSCA TTER IIIG TERMS 
NEGATIVE/P05ITIVE=NUMBER OF MATERIALS FROM TAPE/CARDS 
FLUX GUESS (01 l=IIOI~E/CARDS) 
PRINT opTIO'" (0/1/2=MINI/MIDI/MAXI) 
FLUX DU~IP (0/1=1 10/YES) 
flO. OF ~lIXE5 I)SED Itl GEtIERATING XS DATA (IF 0, DATA IS W DTF FORMAT) 
NU~1BER OF ITERATIOIIS III CALCULATION OF SIGE 
t1U~IBER OF :·lIX SPECIF. FOR GEtJERATII.G SHIELDED XS 

GEOMETRY (0/1/2=PLANE/CYLINDERISPHEPE) 
tIU~IBER OF SPACE HITERVALS 
IJU~I8ER OF i·IATER I AL ZOlrES 
TOTAL NUMBER OF MATERIALS INCLUDING MIXES 
nU~1BER OF r'lIXTURE SPECIFICATIONS 
LEFT OOUNDARY COfiDITION (Q/1I2=VAcUUM/REFLECTIVE/PERIODIC) 
RIGHT OOUNDARY COfiDITION (O/1/2=VACUUM/REFLECTIVE/PERIODIC) 
tIU~1BER OF COLLAPSED GROUPS (IF IICR> IGM, flO EFFECT) 
tlU~1BER OF COLLAPSED DO,HISCATTERIIlG TE.RMS (IF 0, CALCULATED By lOX) 
TYPE WEIGHTIIIG FOR COLLAPSED SIGTR (O/l=nORMALIZED/RECIPROCAL) 
tIU~IBER OF COLLAPSED MATERIALS 
COLLAPSED CROSS SECTIol1 OUTpUT (0/1/2/:3=PRINT/PUNCH/TAPE+EOF/TAPE) 

FIRST EIGENVALUE GUESS 
EIGEtNALUE MODIFIER 
PARAMETRIC EIGENVALUE 
BUCKLWG (CM-2) 
LA~1BDA LOWER 
LA~1BDA UPPER 

EPS EIGEtNALUE COrJVERGEllCE CRITERION 
EPSA PARAMETER COt!VERGEI'ICE CR lTERIorl 

POD PARAMETER OSCILLATIOn DAMPER 
ORF OVEH-RELAXATIotl FACTOR 
SOl NEGATIVE/P05ITIVE=POWEH (MWT)/nEUTRON SOURCE RATE 

LAST 100:35 

2 

0 
1 
0 

26 
10 
-5 

0 
0 
0 
2 
5 

11 

2 
:30 

2 
12 
14 

1 eJ 

0 
, 

-1> 

4 
0 
1 
5 
0 

0.0000 
O.cOOO 
0.0000 
0.0000 
1.0000-0:5 
5.COOO-Ol 

t.COOO-06 
1.0000-05 
t.COoO+OO 
1.:5000+00 

-4.0000+02 



• 

MESH POINTS 
RO 31 

-.00000 .200ClO+01 .~OOOO+u1 .6000;)+01 .80000+01 .10000+02 .12000+02 .1~000+02 .16000+02 .18000+02 
.20000+02 .22000+02 .24::100+J2 .26000+02 .28000+02 .30000+02 .32000+02 .3~000+O2 .36000+02 .38000+02 
.40000+02 .~2000+02 • ~4000+'~2 .~6000+02 .48000+02 .50000+02 .52000+02 .5~00O+()2 .56000+02 .58000+02 
.60000+02 

ZONE NUMBERS BY MESH IHTERVAL 
MO 30 

1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 

MATERIAL NUMBEHS BY ZOHE 
M2 2 
10 11 

FISSION FRACTIONS 
K7 26 

.20000-0 1 .9aoco-01 .19000-00 .268 00-00 .19600-00 .13500-00 .58000-01 .22000-01 .90000-02 .30000-02 

.10000-02 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 

.00000 .00000 .:)11000 .00000 .00000 .00000 
t:J , 

NEUTRON VELOCITY 
V7 26 

.10000+01 .10000+01 .10000+.11 .10000+01 .10000+01 .10000+01 .10000+01 .10000+C1 .10000+01 .10000+01 

.10 0<>0+01 .10000+01 .1C::lOO+J1 .10000+u1 .10000+01 .10000+01 .10000+01 .10000+.11 .10000+01 .10000+01 

.10000+01 .10000+01 .10000+J1 .10000+01 .10ClOO+01 .10000+01 

MIXTURE SPECIFICATIONS ( IO/I11I2=MIX NUMBER/MAT; NUMAER FOR MIX/MIITERIAL DEt~SITY ) 
10 1~ 
10 10 10 10 10 10 11 11 11 11 
11 12 12 12 
Il 14 

0 1 2 :3 ~ 5 0 6 7 8 
9 0 6 7 

12 14 
.00000 .20000-02 .80000-:':2 .19200-01 .12000-01 .11000-01 .00000 .15000-C1 .30000-01 .20000-01 
.50000-02 .00000 .24~00-C1 .48800-01 

NUMBER OF GROUPS PER CRUIICHED GROUP 
r.pN 4 

~ 4 6 12 

NUMBERS OF r~ATERIALS TO DE CRUNCHED 
r.FP 5 

1 2 10 11 12 



ZONE NUMBERS OF FLllXES USED FOR CHUNCH CALCULATIO~J 
I~ZN 5 

1 1 1 2 

ZONE NUMAERS FOR EACH CROSS SECTION MIX 
ZM 2 

1 2 

HETEROGENEITY CONSTANT FOR EACH CHOSS SECTION MIX 
HETC 2 

.10000+01 .10000+01 

ISOTOPE NUMBER FOR EACH TERM IN xS MIX VECTOR 
J1 11 
o 1 2 3 
5 

TE~'PERATURES 
ATEM 

.9,:,000+0 3 

.80000+03 

FOR EACH TERr~ IN XS MIX VECTOR 
11 

.9QO'i)0+03 .90000+J3 .90000+03 

2 

4 5 o 

.90000+03 .90000+03 .130000+03 

FUEL OR MODERATOR Dt:~IGtJATIOIJ FOR EACH TERM W XS MIX VECTOR CO/1=FUEL/MODERATORl 
MF 11 

0 0 0 0 1 
1 

LETHARGY WIDTHS 
U7 26 

.48000-00 .48000-00 .48000-03 .57000-00 .57000-00 .69(lOO-00 

.77000-00 .77000-00 .77000-J!) .77000-00 .77000-00 .77000-00 

.77000-00 .77000-00 .77000-JI) .770CO-00 .77000-00 .10000+01 

SEQUENCE ~JUr~BEHS OIJ TAPE FOR CROSS SECTIOtJ DATA I~I THE RUSSIAIJ FORMAT 
I.UT 5 

1 4 6 8 10 

CHECK M3PU49 GROUP 

2 CHECK M1U238 GROUP 

PI<ESUM,\BLY SIGMAC~J,2~Jl = 4.200000-01 

PHESUMABLY SIGMACM,2Ml = 8.019999-01 

0 

.69000-00 

.77000-00 

2 4 

.80000+03 .80000+03 

0 0 

.69000-00 .77000-00 .77000-00 

.77000-00 .77000-00 .77000-00 

" 



CROSS SEC TI 01'1 DATfI FOR THE FOLlO-ING ISOTOPES WAS GIVEN IN THE RUSSIAN FORMAT 

ISOTOPE ISOTOPE NUMBER 
NUMBER Oil TAPE 

1 M:3P1J49 1 t:J 

2 MIlJ2:38 4 
, 

--J 

:3 0 6 
4 M2 FE 8 
5 I'IA 10 



MIXTURE SPECIFICATIONS FOR CALCULATING SHIELDED CROSS SECTIOI~S 

1 
2 

MIXTURE 
NUMBER 

10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 

CROSS SECTION 
MIX NU~1BER 

10 
11 

I~IX 
COMMAND 

0 
1 
2 
3 
~ 

5 
0 
6 
7 
8 
9 

ZONE FLUXES 
FOR xS MIX 

1 
2 

MATERIAL 
DENSITY 

.00000000 

.20000000-02 

.79999999-02 
• 19200')00-01 
.12000\)00-01 
.11000000-01 
.00000000 
• 15000ijOO-01 
• 30 000000-01 
• 20000000-tH 
.49999999-02 

HETC. COI~ST. 

FOR XS MIX 

.10000000+01 

.10000000+01 

ISOTOPE TEMPERATURE O/l=FUEL/MOD 
tJUMBEI1 (DEG K) 

0 .90000000+03 0 
1 .90000000+03 0 
2 .90000000+03 0 
:3 .90000000+C3 0 
4 .90000000+C3 1 
5 .90000000+03 1 
0 .80000000+C3 0 
2 .80000000+03 0 t::J 

:3 .80000000+C3 0 
, 

00 
4 .80000000+03 1 
5 .80000000+C3 1 

:. 



MIXTURE SPECIFICATIONS 

MIXTURE NU~lBER ~lIX COMMAtlD MATERIAL DENSITY 

1 10 0 .00000000 
2 10 1 .20000000-02 
3 10 2 - .79999999-02 
4 10 :3 .1920 0000-01 
5 10 4 .12000000-01 d 
6 10 5 .11000000-01 , 
7 11 0 .00000000 <D 

8 11 6 .1500;:'000-01 
9 11 7 .30000000-01 

10 11 8 .20000000-01 
11 11 9 .49999999-02 
12 12 ~ .00000000 
13 12 6 .24400000-01 
14 12 7 .4a8 O()000-01 



lOX SAMPLE PHOBLEM 

TIME SIGE OUTER EIGENVALUE EIGENVALUE LAMBDA 
(MII~UTES ) ITERATIONs ITERATIOtlS SLOPE 

.16 0 0 .00000000 .0000000 0 .00000000 

.18 il 1 .00000000 .98287991-00 .98287988-00 

.18 ~ 2 .00000000 .10072591+01 .10248039+01 

.19 :; 3 .00000000 .10163560+01 .100%313+01 

.20 () 4 .00000000 .11)179630+01 .10015812+01 

.21 U 5 .00000000 .10183523+01 .10003824+01 

.22 0 6 .00000000 .10184363+01 .10000826+01 

.23 Ii 7 .00000000 .10184537+01 .10000170+01 

.24 a 8 .00000000 .10184575+01 .10000038+01 

.24 0 9 .00000000 .10t84584+01 .10000008+01 

.27 1 10 .00000000 .10184584+01 .00000000 

.28 1 11 .00000000 .10097408+01 .10097408+01 

.29 1 12 .00000000 .10124162+01 .10026496+01 

.30 1 13 .00000000 .10123253+01 .99991015-00 

.31 1 14 .00000000 .10123755+01 .10000496+01 

.32 1 15 .00000000 .10123785+01 .10000029+01 
'=' .33 1 16 .00000000 .10123799+01 .10000014+01 , 

.33 1 17 .00000000 .10123802+01 .10000002+01 >-' 
co 

.36 2 18 .00000000 .10t23802+01 .00000000 

.37 2 19 .00000000 .11)110640+01 .10116640+01 

.38 2 20 .00000000 .10115890+01 .99992584-00 

.39 2 21 .00000000 .10116042+01 .10000150+01 

.39 2 22 .00000000 .10116036+01 .99999944-00 

.42 j 23 .00000000 .10116036+01 .00000000 

.43 j 24 .00000000 .10115381+01 .10115381+01 

.44 j 25 .00000000 .10114366+01 .99989972-00 

.45 j 26 .00000000 .10114443+01 .10000076+01 

.45 j 27 .00000000 .10114427+01 .99999841-00 

.46 j 28 .00000000 .10114427+01 .10000000+01 

.49 't 29 .00000000 .10114427+01 .00000000 

.50 '+ 30 .00000000 .10114033+01 .10114082+01 

.51 '+ 31 .00000000 .10113741+01 .99996619-00 

.51 '+ 32 .00000000 .10113764+01 .10000023+01 

.52 '+ 33 .00000000 .10113758+01 .99999938-00 

.55 5 34 .00000000 .10113758+01 .00000000 

.56 5 35 .00000000 .10113455+01 .10113455+01 

.56 5 36 .00000000 .10113393+01 .99999379-00 

.57 5 37 .00000000 .10113397+01 .10000004+01 



FINAL NEUTRON BALANCE TABLE 

GROUP FISS. SOURCE FISSIONS Itl-SCATTER OUT-SCATTER ABSOI1PTION LEFT LEAK. RIGHT LEAK. TOTAL LEAKAGE 

1 6.718+17 1.141+17 -8.590+09 5.716+17 9.391+16 0.000 6.274+15 6.274+15 
2 3.292+18 3.877+17 9.134+16 2.875+18 4.820+17 0.000 2.650+16 2.650+16 
3 6.382+18 9.575+17 9.794+17 6.293+18 1.005+18 0.000 6.341+16 6.341+16 
4 9.002+18 1.449+18 3.475+18 1.081+19 1.569+18 0.000 1.027+17 1.027+17 
5 6.584+18 6.913+17 7.720+18 1.318+19 1.002+18 0.000 10191+17 1.191+17 
6 4.535+18 1.306+18 1.540+19 1.728+19 2.119+18 0.000 5.348+17 5.348+17 
7 1.948+18 1.525+18 2.079+19 1.907+19 2.736+18 0.000 9.315+17 9.315+17 
8 7.390+17 1.462+18 2.068+19 1.736+19 2.950+18 0.000 1.106+18 1.106+18 
9 3.023+17 1.278+18 1.807+19 1.386+19 3.343+18 0.000 1.164+18 1.164+18 

10 1.008+17 9.130+17 1.374+19 Cl.035+18 3.820+18 0.000 9.842+17 9.842+17 
11 3.359+16 5.648+17 9.321+18 5.448+18 3.253+18 0.000 6.485+17 6.485+17 t:J 

12 0.000 3.173+17 5.512+18 3.621+18 1.610+18 0.000 2.815+17 2.815+17 
, 

..... 
13 0.000 1.440+17 3.634+18 2.720+18 8.122+17 0.000 1.021+17 1.021+17 ..... 
14 0.000 2.514+17 2. 720+18 1.280+18 1.292+18 0.000 1.480+17 1.4AO+17 
15 0.000 1.520+17 1.280+18 5.370+17 6.742+17 0.000 6.923+16 6.923+16 
16 0.000 6.950+16 5.370+17 2.272+17 2.693+17 0.000 3.995+16 3.995+16 
17 0.000 2.188+16 2.272+17 8.702+16 1.242+17 0.000 1.604+16 1.604+16 
18 0.000 7.721+15 8.702+16 3.612+16 4.207+16 0.000 8.831+15 8.831+15 
19 0.000 1.078+15 3.612+16 1.158+16 2.154+16 0.000 2.999+15 2.999+15 
20 0.000 6.092+14 1.158+16 2.578+15 8.200+15 0.000 7.972+14 7.972+14 
21 0.000 3.274+13 2.578+15 3.614+14 2.134+15 0.000 8.262+13 8.262+13 
22 0.000 1.982+13 3.614+14 1.93:5+14 1.201+14 0.000 4.803+13 4.803+13 
23 0.000 1.748+1:3 1.933+14 9.332+13 7.492+13 0.000 2.502+13 2.502+13 
24 0.000 7.83(i+12 9.332+13 3.8;'4+13 4.375+13 0.000 1.123+13 1.12:3+13 
25 0.000 1.552+12 3.834+13 1.272+13 2.123+13 0.000 4.386+12 4.386+12 
26 0.000 2.703+11 1.272+1:5 -8.033+05 1.195+13 0.000 7.668+11 7.668+11 

27 3.359+19 1.161+19 1.243+20 1.243+20 2.723+19 0.000 6.356+18 6.356+18 



ZONE RADIUS AVG RADIUS AREA VOLUME TOTAL FLUX POWER FISSION SOURCE 
(CM) (CM) (CM2) (CM:5) (rUCM2-SEC) (MWT IL ITER) 

1 1 -0.00000 1.00000+00 0.00000 :5.:5510:5+01 1.74422+16 2.45974+00 2.09526+14 
2 1 2.00000+00 :5.000ilQ+00 5.02654+01 2.:54572+02 1.7:5668+16 2.44919+00 2.08627+14 
:5 1 4.00000+00 5 • .,0000+00 2.01062+02 6.:56696+02 1.72167+16 2.42816+00 2.068:55+14 
4 1 6.00000+00 7·00000+00 4.52:589+02 1.2:5988+0:5 1.699:52+16 2.:59685+00 2.04165+14 
5 1 8.00000+00 9.0000Q+00 8.04247+02 2.0441:5+0:5 1.66980+16 2.:55550+00 2.00641+14 
6 1 1.00000+01 1.10000+01 1.25664+0:5 :5.04944+0:5 1.6:5:5:56+16 2.:50446+00 1.96290+14 
7 1 1.20000+01 1.:500130+01 1.80956+0:5 4.20581+0:5 1.590:52+16 2.24415+00 1.91149+14 
8 1 1.40000+01 1.50001)+01 2.46:501+0:5 5.66:524+0:5 1.5410:5+16 2.17508+00 1.85260+14 
9 1 1.60000+01 1.70000+01 :5.21699+0:5 7.2717:5+03 1.48591+16 2.09781+00 1.78671+14 

10 1 1.80000+01 1.90000+01 4.07150+0:5 9.08129+0:5 1.42542+16 2.01299+00 1.714:58+14 
11 1 2.00000+01 2.1000,,)+01 5.02654+0:5 1.10919+04 1.:56009+16 1.921:52+00 1.6:5619+14 
12 1 2.20000+01 2.:5000()+01 6.08212+0:5 1.:5:50:56+04 1.29047+16 1.82:557+00 1.55280+14 
1:5 1 2.40000+01 2.500u'j+01 7.2:5822+0:5 1.5716:5+04 1.21718+16 1.72054+00 1.46489+14 
14 1 2.60000+01 2.70000+01 8.49486+0:5 1.6:5:501+04 1.14085+16 1.61:512+00 1.:57:519+14 t:l 

15 1 2.80000+01 2.90000+01 9.8520:5+0:5 2.11450+04 1.06218+16 1.50221+00 1.27849+14 , ,.... 
16 1 :5.00000+01 :5.10000+01 1.1:5097+04 2.41609+04 9.81690+15 1.:58879+00 1.18158+14 N 

17 1 :5.21)000+01 :5·:50000+01 1.28680+04 2.7:5779+04 9.00742+15 1.27:587+00 1.08:5:54+14 
18 1 :5.40000+01 :5.50000+01 1.45267+04 :5.07960+04 8.19547+15 1.15857+00 9.84687+1:5 
19 1 :5.60000+01 :5.7000,J+01 1.62860+(14 :5.44151+04 7.:59169+15 1.04415+00 8.86670+13 
20 1 :5.80000+01 :5.900uO+01 1.81458+04 :5.62:552+04 6.60545+15 9.32118-01 7.905:59+1:5 
21 2 4.00000+01 4.10000+01 2.01062+04 4.22565+04 5.71045+15 1.16288-01 9.54698+12 
22 2 4.20000+01 4.:50~0'j+01 2.21671+04 4.64788+04 4.78247+15 7.8647:5-02 6.455:56+12 
2:5 2 4.40000+01 4.5000,0+01 2.4:5285+04 5.09021+04 :5.95988+15 5.:52829-02 4.:57264+12 
24 2 4.60000+01 4.70000+01 2.65904+04 5.55266+04 :5.2:5770+15 :5.61502-02 2.96619+12 
25 2 4.80000+01 4.9000J+Ol 2.89529+04 6.0:5520+04 2.607:50+15 2.45502-02 2.01414+12 
26 2 5.00000+01 5ol000,j+01 3.14159+04 6.5:5736+04 2.05818+15 1.66757-02 1.:56802+12 
27 2 5.20000+01 5.:50(01)+01 :5.:597"'4+04 7.06062+04 1.5791:5+15 1.1:5128-02 9.28116+11 
28 2 5.40000+01 5.50000+01 3.664:55+04 7.60:549+04 1.15891+15 7.64:51:5-0:5 6.27210+11 
29 2 5.6000:)+01 5.70000+01 3.94081+04 8.16646+04 7.86697+14 5.11190-0:5 4,19787+11 
:50 2 5.80000+01 5.9000·:J+0 1 4.227:52+04 8.74954+04 4.5229:5+14 :5.:54048-0:5 2.74791+11 
:51 6.00000+01 4.52:589+04 



lOX SAMPLE PROBLEM 

MATERIAL INVENTORY (KILOGRAMS) FOH EACH ZONE 

MATERIAL ATOMIC WT. 

1 
2 
3 
4 
5 

ZONE 

ZONE 

1 
2 

M3PU~9 239.050 
M1U238 238.050 

0 16.000 
M2 FE !i5.!l50 

NA 22.990 

AVERAGED FLUXES 

FLUX 
(N/CM2-SEC) 

1.00857+16 
2.26212+15 

COLLI\PSED FISSION FRACTIOflS 

GROUP FISS. FRACT. 

1 5.76000-01 
2 ~.11000-01 
3 1.30000-02 
~ 0.00000 

ZOtlE 1 
2.68l+\)2 LITERS 

2.1 28+02 
8.~76+02 
1.367+02 
2.9d3+;)2 
1.126+'32 

VOLUME 
(LITERS) 

2.68J82+02 
6.36096+02 

/ltm ZO~IE AVERAGED 

ZotlE 1 

1.07719+15 
5.5~'i58+15 

3.~05/l8+15 
5.80037+13 

ZONE 2 
6'367+02 LITERS 

0.000 
3.775+03 
5.0H+02 
1.181+03 
1.215+02 

FLUXES BY GP.OUP 

ZONE 2 

9'79983+13 
1'00094+15 
1'11941+15 
~.37702+13 



COLLAPSED CROSS SECTlOHS 

GROUP 1 SIGF SIGI\ NUSIGF SIGTR GXG G-1XG G-2XG 
MAT 1 ZONE 1 .19824+01 .2006,)+01 .64166+0 1 .47172+01 .16430+01 .00000 .00000 .00000 
MAT 2 ZONE 1 .54311-00 .5621U-OO .15391+0 1 .48499+01 .17153+01 .00000 .00000 .00000 
MAT 10 ZONE 1 .83097-02 .89441-02 .25146-01 .12166+00 .71173-01 .00000 .00000 .00000 
MAT 11 ZONE 2 .81467-02 .90855-02 .2 3081-0 1 .16666-00 .93433-01 .00000 .00000 .00000 
MAT 12 ZoNE 2 .13252-01 • 1448il-01 .37545-01 .17977-00 .86639-01 .00000 .00000 .00000 

GROUP 2 SIGF SIGA NUSIGF SIGTr~ GXG G-1XG G-2XG . . . 
MAT 1 ZONE 1 .16623+Cl .1821';+01 .48668+01 .75511+01 .56343+01 .10229+01 .00000 .00000 
MAT 2 ZONE 1 .24943-02 .14847-00 .64354-02 .73530+01 .70309+01 .24990+01 .00000 .00000 
MAT 10 ZONE 1 .33445-02 .49037-02 .97851-02 .21271-00 .20101-00 .40850-01 .00000 .00000 
MilT 11 ZONE 2 .20165-04 .23834-02 .52024-04 .29508-00 .28025-00 .63009-01 .00000 .00000 t::l 

MAT 12 ZONE 2 .32801-04 .36821-02 .84626-04 .36255-00 .34253-00 .76853-01 .00000 .00000 , 
f-' .... 

GROUP 3 51GF 5101\ NUSIGF SIGTR GXG G-1XG G-2XG 
MAT 1 ZONE 1 .18994+01 .2534'>+01 .54582+01 .12894+02 .10356+02 .95812-01 .45270-01 .00000 
MAT 2 ZONE 1 .00000 .49021-00 .00000 .12751+02 .12258+02 .17361-00 .73426-01 .00000 
MAT to ZONE 1 .37987-02 .92252-02 .10916-0 1 .30036-00 .29054-00 .67968-02 .69665-03 .00000 
MAT 11 ZONE 2 .00000 .8014;)-02 .00000 .41401-00 .40496-00 .12447-01 .11342-02 .00000 
MAT 12 ZONE 2 .00000 .12405-01 .00000 .48102-00 .46751-00 .16~37-01 .17952-02 .00000 

GROUP 4 SIGF 5I6A tJUSIGF SIGTR GXG G-1XG G-2XG . . . 
MAT 1 ZONE 1 • 81188+01 .13437+02 .23301+02 .23952+02 .10516+02 .29637-02 .00000 .00000 
MAT 2 ZONE 1 .00000 .14359+01 .00000 .12756+02 .11321+02 .33372-02 .00000 .00000 
MAT to ZONE 1 .16238-01 .38757-01 .46602-0 1 .37768-00 • 33!l92-00 .59797-03 .00000 .00000 
Mi\T 11 ZONE 2 .l)OOOO .19338-01 .00000 .51202-00 .49269-00 .10305-02 .00000 .00000 
MAT 12 ZONE 2 .~OOOO .3040 7-01 .00000 .46603-00 .43563-00 .11066-02 .00000 .00000 



APPENDIX E 
SOURCE DECK LISTING 



E-l 
-IL Pf)P I ~!(L 1 ,;x !1 (." I 
A8C* FC()PY ]r:'Y ,,(;!1? 

COMMON NCRI. NFF. NINP. NOUT. N~~CqoT. NSCR1, ~JSCR2. I L'X n,n3 
1 NSM. NSR, ALi> • r> ,_ 7. CNT. CVT. ~ (; 1 t lOY 0

'
,('>4 

2 [c;2. EI_,3. EQ, cvF. I:VP"'. ott". GDA,~ • IJX 0005 
3 GLH. ICi'lRD, IGEP, I u,n, I C,:O , IGV, I H", lOX nan6 
4 I HT, I P. IRED, IHHP, IEMPl. ITEMP2. ITL, IDX non7 
5 I TLP. KPAGE. LAP, LAPP. L,u!~ • .~~ E t "',~'iT , IDX 0008 
6 N3, I~CRLJN. NE. f\:GCTiJ. i~?O:'> , NR'::D, NSIGC, lOX ()O()9 
7 NXCi"P, i~XC",k • PU2, P [i).\ i, , PI2. k02. :O:JAI~ , luX 0010 
8 5K7. TC6. T7. TIl. TE,~iP • T E~1 Fl. TEMPZ, lOX 1')011 

9 TfI\1P3, TEMP4, T I , TSD, V 11 IDX onl2 
COMMON I LJ ( 11 ) , !'1AXT. AUZ, Ilj,+. 502, I G[vi, NX(/l t lLlX Ov13 

1 ML. i", 0 7 , NPin, j~PU" • NHCF. N If- F, j ...... liv<IU 1, lcJX 0014 
Z IGE. I ,~i. ILl': , t"'iT. tirO 1 • SOl. bOZo IDX 0015 
3 NCR. "XI NP. NTR. NFGiV, , IPl.JN, E.V, C:VH, IDX 0016 
4 5\.-3. BUCK, LAL. LAH. EPS. cPSA, PuL:> • luX 0()17 
<; ORF, 501 lnx (1r') 8 

COIItMON LRQ, LNO, LMZ, LGA'~ • LK7. L1J7. L I (';. IDX 00]9 
1 L11, LIZ. LR3. LNO, LAT~, LHOL,\ • U;UT. lDX OOZO 
2 l[vIPUP. UH, LNGB. LNGE, Li'IPFF, LFF. LSF. IDX 0021 
3 LSR. L5M. LZN. UIETC. LJ 1. LATU!" L~': F , HlX OOZZ 
4 LU7, L TEi'1. LAG. LNX5, LFSS. LSIGO. LNPN. lUX 0023 
5 LNFP, LNZN, LNV. LCZ. LALP!'" LALPS. LPH.J. IDX OUZ4 
6 LPH I. Lei. LAG. LR1. LR4. LR5. LV'), lJX 00Z5 
7 LNZ. LF'J, LFZ, LI 3. LK6. L52. LCX5. ]flX nn26 
8 LVOL. LlvIASS. LHA. LPA, LES, LAST IDX 00Z7 

I f'lTl:.GEk ('V' 2 • t.h.:l, tlv2. b~'7 • (I\T, (V T Pu" • lLl" OGC:b 
1 RCZ, 5:,2, TU6, ZN lUX 0029 

REAL 12. 13, K6. ~,7 • LAN, LflL. LAP, lCX 0030 
1 LAPP. LAi~ • MASS, Nv, :\:Z IDX 0031 

END HlX ()03Z 



-ITC 
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 
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 
C 
C 
C 
C 
C 
( 

FOR CALC.CALC E-2 lDX 00'3:' 
ID:~ 0 p 3'+ 
IDX OU35 * * * * * DESCRIPTION OF SUBROUTINES **-**~J. 

CALC 

INP 

ERR02 

CLEAR 

REAG2 

REAI2 

RCINPl 

RCPUP 

RCPRTl 

RCCHK 

RCSTUP 

RCCALl 

RCCAL2 

RCCSS 

REC.s 

INIT 

FISCAL 

MONPk 

OUTER 

INNERl 

INNER 

CNNP 

IDX 0036 
MAIN PROGRAt~. lDX 0037 

IDX 0038 
CONTROLS READING AN~ PRINTING G~ hLL INPJT DATA (EXCEPT lDX 0039 
CROSS SECTION DATA). IGX OO~O 

IDX 0041 
PRINTS ERROR MESSAGES. lDX 0042 

lDX 00"3 
SETS AN ARRAY OF A GIVEN LENGTr, EQUAL TO A SPECIFIED lOX 004<; 
CONSTANT. leX 0045 
READS FLOATING POINT DATA IN GENERALIZED FORMAT. IDX 0046 

lOX 0047 
REAUS INTtGtk JATA IN GtN~RALIZtD FORMAT. lex OO~8 

lGX 0049 
READS CROSS SECTION DATA IN THE RUSSIAN FORMAT FROM lOX 0050 
CARDS. IDX 0051 

lDX 0052 
READS CROSS SECTION DATA IN THE RUSSIAN FORMAT FROM TAPE.IDX 0053 

PRINTS CROSS SECTION DATA IN THE RUSSIAN FORMAT. 

CHECKS CROSS SECTION DATA IN THE RUSSIAN FORMAT FOR 

lDX ()054 
lDX oe55 
IDX 0056 
IDX 0057 

CON SIS TEN C Y • 1 D x 00 Co 8 
lOX 0059 

COMPUTES F-FACTORS FOR TEMPERATURE DEPENDENT ISOTOPES lDX 0060 
AND WRITES T~E CROSS SECTION DATA ON TAPE IN THE PROPER IDX 0061 
ORDER. IDX 0062 

l[)X 0063 
CALCULATES SIGO. lDX OU64 

IDX OC'65 
CALCULATES F-FACTORS. lUX 0066 

IDX 006 7 

CALCULATES RESO~ANCE SHIELDED CROSS SECTIONS. lDX 0068 
lDX 0069 

READS CROSS SECTIONS. PERFORMS ADJOINT REVERSALS IF lDX 0070 
R E QUI RED. AND W R I T ESC R 0 S SSE C T I 0 ~i TAP E • I D X 0 (; 71 

lOX Q072 
PERFORMS ADJOINT REVERSALS ON V7 AND K7. MIXES ANU PRINTS1DX 0073 
CROSS SECTIONS. MODIFIES GEOM~TRv. AND CALCULA~ES AREAS, lDX 0074 
VOLUMES. EFFECTIVE FISSION SPECTRuM AND FISSION RATE. IDX C07~ 

lDX 0076 
CALCULATES FISSION SUMS AND LAMBD~ AND NORMAL;ZES FLUX lOX [:077 
AND FISSION SOURCE RATE. IDX 007a 

lDX OlJ 7 9 
MUI.ITUR Ptdf~T--PRINTS TWit. ITt.I-<ATION NU!~Bt::R, UGENVI\LUE lC'X OC}80 
SLUPE. EIGENVALUE. AND LAMbCA AFTeR EACM OUTER ITERATiON.leX 00B1 

~J)X QC;o2 
PEkFORMS A~ OUTER ITERATION--CALC~LATES THE 50U~CE INTC iCX 0053 
EACH GROUF ANO ThE NE~ FISSiON ANU FISSION SOURCE RATE. l~X 0084 

luX. 0,J85 
CALCULATES COEfFICItNTS fUR TMC ~LjX E~LATICN. lOX 0006 

1 r;;,>, E-; 

CALCULATES THE FLUX FOR SPECIFIED GROUP. l[)X 
lOX 

PERFOR~S CUNVERGENCE TESTS AND CALC~L~T~S NE~ PARA~~TtRS l~X 

FOR ~~ARCH ODTTnNS. IDX 

() (j8 B 
008<) 
~) U -,' 0 

r; "( .. I "1 



t 
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 
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 
C 
C 
C 
C 
C 

FINPR 

NBAl 

GRAM 

CRUNCH 

* * * * * 
NCRI 
NFF 
NINP 
NOUT 
NSCRA T 
NSCR 1 
NSCR2 
NSM 
NSR 
ALA 
B07 
CNT 
CVT 
EOI 
E02 
E03 
EQ 
EVP 
EVPP 
FEF 
GBAR 
GLH 
ICARD 
IGEP 
IGM3 
IGP 
IGV 
IHS 
IHT 
IP 
IRED 
ITEMP 
ITEMPI 
ITEMP2 
ITL 
ITLP 
KPAGE 
LAP 
LAPP 
LAR 
M!'" 
MMT 
NP 
NCRUN 
N!'" 

E-3 

F li,AL PRlld--Pkli~TS RADI I, AREAS, VOLU>\ES, FLUXES. 
POWER, AND FISSION SOURCE RATE. 

18~ 88§§ 
IDX 0094 
IDX 0095 
IDX 0096 
IDX 0097 

COMPUTES AND PRINTS BALANCE TABLES. 

CALCULATES AND PRINTS MATERIAL INVENTORIES FOR EACH 
lONE. 

IDX 0098 
IDX 0099 
IDX 0100 

CALCULATES, PRINTS. AND PUNCHES COLLAPSED CROSS 

INTERNAL VARIABLES * * * * * 
CROSS SECTION TAPE 
RESONANCE SHIELDING FACTOR TAPE 
INPUT TAPE 
OUTPUT TAPE 
SCRATCH TAPE 
SCRATCH TAPE 
SCRATCH TAPE 
INELASTIC SCATTERING MATRIX TAPE 
INFINITE DILUTION CROSS SECTION TAPE 
LAMBDA 

SECTIONS.IDX 0101 
IDX 0102 
IDX 0103 
IDX 0104 
lDX 0105 
lDX 0106 
IDX 0107 
IDX 0108 
IDX 0109 
IDX 0110 
IDX 0111 
IDX 0112 
IDX 0113 
IDX 0114 
IDX 0115 

USED FOR INTERNAL COMPUTATION IN 
CONVERGENCE TRIGGER FOR LAMBDA 
CONVERGENCE TRIGGER 

FISCAL AND INIT IDX 0116 
IDX 0117 
IDX 0118 
IDX 0119 
IDX 0120 
lDX 0121 
IDX 0122 
IDX 0123 
IDX 0124 
lDX 0125 
IDX 0126 
IDX 0127 
IDX 0128 
IDX 0129 
IDX 0130 
IDX 0131 
IDX 0132 
IDX 0133 
lDX 0134 
IDX 0135 
lDX 0136 
IDX 0137 
IDX 0138 
IDX 0139 
IDX 0140 
lDX 0141 
IDX 0142 
lDX 0143 
lDX 0144 
IDX 0145 
IDX 0146 
IDX 0147 
IDX 0148 
IDX 0149 
IDX 0150 

TEMPORARy 
TEMPORARy 
TEMPORARY 
E IGEi~VALUE SLOPE 
PREViOUS EIGENVALUE 
EIGENVALUE FOR TWO ITERATIONS BACK 
ENERGY RELEASED PER FISSION (=215 MEV) 
GROUP INDICATOR FOR T~PE MOTION IN OUTER 
MAXIMUM TIME IN SECONDS 
NEGATIVE/POSITIVE=XS DATA FROM TAPE/CARDS 
IGE + 1 
IGM*3 
IGM + 1 
GROUP INDICATOR FOR INNER AND OUTER 
POSITION OF SIGMA SELF SCATTER 
POSITION OF SIGMA TRANSPORT 
I.M + 1 
FIRST PASS THROUGH RCCALI (1/2=YES/NO) 
TEMPORARY 
TEMPORARY 
TEMPORARY 
CROSS SECTION TABLE LENGTH 
CRUNCHED CROSS SECTION TABLE LENGTH 
PAGE COUNTER FOR MONITOR PRINT 
LAM6DA FOR PREViOUS EIGENVAlWE 
LAMBDA FOR TWO ITERATIONS BACK 
LAMBDA FOR PREVIOUS ITERATION 
CROSS SECTION DATA INCONSISTENCY COIINT 
MMOI - NRCF 
TEMPORARY 
CRUNCH CALCULATION 
TEMPORARY 

(O/l=NO/YES) 



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 
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 
C 
C 

\ 

NGOTO 
NP02 
NRED 
NSIGO 
NXCMP 
NXCMR 
P02 
PBAR 
PI2 
R02 
SBAR 
SK7 
T06 
T7 
TIl 
TEMP 
TEMPI 
TEMP2 
TFMP3 
TEMP4 
T I 
TSD 
Vll 

* * * * * 
I D( 11) 
MAXT 
A02 
104 

S02 
IGM 
NXCM 
ML 
M07 
NPRT 
NPUN 
NRCF 

NIFF 
MMOI 
IGE 
1M 
IZM 
MT 
MOl 
BOI 
B02 
NCR 
NX INP 
NTR 
NFGM 
IPUN 

EV 
EVM 
S03 
BUCK 
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FLAG SET EQUAL TO ONE IF PRObLEM IS FINISHED 
TOTAL ITERATION (OUNT 
PERFORM ANOTHER ITERATION ON SIGE (O/l=NO/YES) 
SIGO ITERATION COUNT 
NUMBER OF UOWNSCATTE~I~G TtRMS fOK CRUNCHEU GROUPS 
NXCM + 1 
OUTER ITERATION COUNT 
TEMPORARy 
6.28318 
SIGE ITERATION COUNT 
TEMPORARY 
SuM OF K7 OVER ALL GROUPS 
O/l=NOT DELTA/DELTA CALCULATION 
ALPHA/VELOCITY 
PREVIOUS FISSION TOTAL 
TEMPORARy 
TEMPORARY 
TEMPORARY 
TFMPORARY 
TEMPORARY 
TIME 
(MW-SEC)/(FISSIONS) 
TOTAL SOURCE FOR THE GROUP 

INPUT VARIABLES (CARDS1-S) * * * * * 

IDX 0151 
IDX 0152 
luX 0153 
IDX 0154 
lDX 0155 
IDX 0156 
lDX 0157 
IDX 0158 
IDX 0159 
IDX 0160 
IDX 0161 
IDX 0162 
IDX 0163 
IDX 0164 
IDX 0165 
IDX 0166 
IDX 0167 
IDX Ol68 
IDX 0169 
IDX 0170 
lDX 0171 
IDX 0172 
IDX 0173 
1DX 0174 
IDX 0175 
IDX 0176 

IDENTIFICATION CARD IDX 0177 
MAXIMUM TIME IN MINUTES IDX 0178 
O/l=FLUX CALCULATION/AUJOINT CALCULATION 1DX 0179 
EIGENVALUE TYPE (1/2/3/4/S=KEFF/ALPHA/CONCENTRATION/IDX 0180 
DELTA/BUCKLING) IDX 0181 
PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA) IDX 0182 
NUMBER OF GROUPS lDX 0183 
NUMBER OF DOWNSCATTERING TERMS IDX 0184 
NEG/POS=NUMBER OF MATERIALS FROM TAPE/CARDS 1DX 0185 
FLUX GUESS (O/l=NONE/CARDSl IDX 0186 
PRINT OPTION (O/1/2=MINI/MIDI/MAXI) 1DX 0187 
FLUX DUMP (OI1=NO/YES) IDX 0188 
NO. MIXES USED IN GENERATING SHIELDED XS (IF 0. IDX 0189 
DATA IS IN DTF FORMAT) IDX 0190 
NUMBER OF ITERATIONS IN CALCULATION OF SIGE IDX 0191 
NO. MIX SPECIF. FOR ~ENERATING SHIELDED XS 1DX 0192 
GEOMETRY (U/l/2=PLANE/CYLINDER/SPHEREl lDX 0193 
NUMBER OF SPACE INTERVALS luX 0194 
NUMBER OF MATERIAL ZONES 1DX 0195 
TOTAL NUMBER OF MATERIALS INCLUDING MIXES lDX 0196 
NUMBER OF MIXTURE SPECIFICATIONS 1DX 0197 
LEFT BOUNDARy CUNUITION (O/1/2=VACUUM/REFL/PER) IDX 0198 
RIGHT BOUNDARY CONUITION (O/1/2=VACUUM/REFL/PER) 1DX 0199 
NUMBER OF CRUNCHED GROUPS 1DX 0200 
NO. COLLAPS. DOWNSCAT. TER~S (IF D. CALC. BY 10X) lOX 0201 
TYPE WEIGHTING FOR SIG~A TRANSPORT (O/l=NW/RW) lDX 0202 
NO. COLLAPSED MATERIALS 1DX 0203 
COLLAPS. XS OUTPUT (O/1/2/3=PRINT/PUNCH/TAPE+EOF/ IJX 0204 
TAPE) IDX 020S 
FIRST EIGENVALUE GUESS IDX 0206 
EIGENVALUE MODIFIER IDX 0207 
PARAMETRIC EIGFNVALUE lDX 0208 
BUCKLING IDX 0209 



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 
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 
C 
C 
C 
C 
C 
C 

LAL 
LAH 
EPS 
EPSA 
POD 
ORF 
~Ol 

LAr~BDA LOWER 
LM~BDA UPPER 
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EIGENVALUE CONVERGENCE CRITERION 
PARAMETRIC EIGE~VALUE CONV~RGENCE CRITERION 
PARAMETER OSCILLATION DAMPER 
FISSION SOURCE OVER-RELAXATION FACTOR 
NEG/POS=POWER (MWT)/NEUTRON ~OURCE RATE 

* * * * * ~UBSCRIPTED VARIABLES * * * * * 
RO (I P) 
MO( 1M) 
M2(IZM) 
K7( IGM) 
V7(IGM) 
10 (MOl) 
I1IM01) 
I2(M01) 
R3 ( I ZM) 
NO( IMtlGM) 
ATW(MLl 
HOLN(ML) 
NUT (MLl 
MPUP(ML) 
NT (MLl 
NGB(ML) 
NGE(ML) 
NPFF(4./viLl 

INITIAL RADII 
ZONE NUMBERS 
MATERIAL NUMBERS BY ZONE 
FISSION SPECTRUM (INPUT) 
NEUTRON VELOCITIES 
MIX NUMBER 
MATERIAL NUMBER FOR MIX 
MATERIAL DENSITY 
RADIAL ZONE NUMBERS (DELTA CALCULATION ONLY) 
FLUX (OLD) 
MATERIAL ATOMIC WEIGHT 
MATERIAL NAME 
SEQUENl~ NUMBER O~ TAPE FOR uATA IN RUSSIAN FORMAT 
ISOTOPE NOS. OF MATERIALS IN ORDER READ FROM TAPE 
ISOTOPE IS TEMPERATURE DEPENDENT (O/l=NO/YES) 
GROUP NUMBER F-FACTORS BEGIN AT 
GROUP NUMBER F-FACTORS END AT 
NO. OF SIGO COLUMNS FOR 1/2/~/4=FISsION/CAPTURE/ 

TOTAL/ELASTIC F-FACTORS 
FF(4.IGM3.6) INPUT SELF-SHIELDING FACTORS 
SF(4.ML.6) DISCRETE SIGO VALUES FOR INPUT F-FACTORS 
SR(9.IGM) I~FINITE DILUTIUN CROSS SECTIONS 
SM(IGM.NXCMR) INELASTIC SCATTERING MATRIX 
ZN(NR(F) ZONF NOS. OF FLUXES TO BE USED IN SIGE CALCULATION 
HET((NRCF) HETEROGENEITY CONSTANTS 
Jl(MM01) ISOTOPE NUMBER IN XS MIX VECTOR 
ATEM(MMUll ISOTOPE TEMPERA,TURE IN XS i~IX VECTOR 
MF(MM01) ISOTOPE IS U/l=FUEL/MODERATOR 
U7(IGM) LeTHARGY WIDTHS 
TEM(3.ML) DISC~eTE TeMPERATURE VALUES FOR INPUT F-FACTORS 
AG(NRCF.IGM) US~D IN HETEROGENEITY CALCULATION 
NXS(NRCF) NO. OF MIX SPECIFICATIONS IN EACH XS MIX, 
FSS(4.MMT.IGM)CAL(ULATED SELF-SHIELDING FACTORS 
SIGO(MMT.IGM) CALCULATE) SIGO VALUES 
NPN(NCR) NJMRER OF GROUPS PER CRUNCHED GROUP 
NFP(NFGM) MATERIAL NUM8FRS TO BE CRUNCHED 
NZN(NFGM) ZONE NUMBERS OF FLUXES US~D ~OR CRUNCH CALCULATION 
NV(IGM) COLLAPSED GROUP NO. FOR EACH FINE GROUP 
C2(IZM.IGM) ZONE MACROSCOPIC TRANSPORT CROSS SECTIONS 
ALPH(ID~t!G;.',) FINE-GROUP TRANSPORT CROSS SECTION WEIGHTING COEFF. 
ALP:,(ILiv,.i'CK) ALPH(IL,'i.IGii, ) SUi·i~iED OVER A COLLAPSED GROUP 
PHJ(IZM.NCR) ZONE ~~UXES FOR EACH COLLAPSED GROUP 
PHI(IZ~.IGP) LONE FLuX~~ FOR EACH FIN~ GRWUP (AND TOTAL) 
CO(ITL.MT) CROSS SECTION ARRAY FO~ CURRENT G~OUP 
AO(IP) ~R~~ eLcMc~TS 

R1IIP) CURRE;~T F!ADII 
R4(IM) AVERAGE RADII 
R5(IM) DELTA-R 
VO(I~) VOLU0~ ~L£MENTS 

lDX 0210 
lDX 0211 
lDX 0212 
lDX 0213 
lDX 0214 
lDX 0215 
lOX 0216 
lDX 0217 
lDX 0218 
lDX 0219 
lDX 0220 
lOX 0221 
lDX 0222 
lOX 0223 
lDX 0224 
lDX 0225 
lDX 0226 
IDX 0227 
lDX 0228 
lDX 0229 
lDX 0230 
lDX 0231 
lDX 0232 
lDX 0233 
lDX 0234 
lDX 0235 
lDX 0236 
lDX 0237 
lDX 0238 
lOX 0239 
lDX 0240 
lDX 0241 
lDX 0242 
lDX 0243 
lDX 0244 
lDX 0245 
lDX 0246 
lDX 0247 
lDX 0248 
lDX 0249 
lDX 0250 
lDX 0251 
lDX 0252 
lDX 0253 
lDX 0254 
lDX 0255 
lDX 0256 
lDX 0257 
lDX 0258 
lDX 0259 
lDX 0260 
lDX 0261 
IDX 0262 
lDX 0263 
lDX 0264 
lDX 0265 
IDX 0266 
lDX 0267 
lDX 0268 
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C N2(IM.IGM) FLUX (NEW) lDX 0269 
C FO(IM) FISSION SOURCE (OLD) lDX 0270 
C F2(IM) FISSION SOURCE (NEW) lOX 0271 
C 13(MOll MATERIAL Dt::NSITIES USt::l! li~ GRAM lOX 0272 
C K6(IGM) FISSION SPECTRUM (EFFECTIVE) lOX 0273 
C S2( 1M) SOURCE lOX ()274 
C CXS(IP.IGM.2) CONSTANTS INVOLVING CROSS SECTIONS FOR FLUX CALC. lDX 0275 
C VOL(IZM) ZONE VOLUME (LITERS) lOX 0276 
C MASS(ML.IZM) MATERIAL INVENTORY IN EACH ZONE lOX 0277 
C HAl 1M) TEMP STORAGE FOR FLUX CALCULATION lDX 0278 
C PA(IM) TEMP STORAGE FOR FLUX CALCULATION lDX 0279 
C EB(8.IGP) 1/2/3/4/5/6/7/8=FISSION SOURCE/IN-SCATTER/ lDX 0280 
C OUT-SCATTER/ABSORPTIONS/LEFT LEAK./RIGHT LEAK./ lDX 0281 
C TOTAL LEAK./FISSION RATE lOX 0282 
C GAM(IZM) BUCKLING MOOIFIERS FOR EACH ZONE lOX 0283 
C lOX 0284 

INCLUDE ABC lDX 0285 
COMMON A(35000) lOX 0286 
CALL ETIME lOX 0287 

C RFAD I NPUT DATA lOX 0288 
CALL I NP lOX 0289 
IF(NRCF) 20.20.10 lDX 0290 

C CROSS SECTION DATA IS IN RUSSIAN FORMAT lDX 0291 
10 CALL RCINPl(A(LHOLN).A(LATW).A(LNT),A(LNGB).A(LNGE).A(LNPFF). lOX OZ92 

1 A(LFF),rGM3.ML.A(LSF).A(LSR).A(LSM).JGM.A(LU7). lOX 0293 
2 A(LTEM).AlLATEM).A(LlC).AlLIl).A(LI2).A(LJll. lOX 0294 
3 A(LMF).A(LlNhA(LHETChA(LNUT)'A(L~lPUPhA(LNXS)) lOX 0295 

CALL RC~TUP(A(LNPFF).A(LNT).A(LFF).A(LTEM).A(LATEM).IGM3.A(LNGB). lDX 0296 
1 A(LNGE) .A(LJll.A(LSR) .A(LSM) .JGM.A(L[v,PUP)) lOX 0297 

00 15 NSIGO = 1.5 lOX .OZ98 
CALL RCCALl(A(LAG).A(LNXS).AlLll).A(LSR).AlLtvlF).A(LI2).A(LFSS). lOX 0299 

1 A (LS IGO) .A (LHETC) .NRCF .MMT) lOX 0300 
15 CALL RCCAL2(A(LNXS). A(LIl). A(LJll. A(LNGt)). A(LNGE). A(LNPFF). lOX 0301 

1 A(LFF). A(LSIGO) .A(LSFh P.(LFS~) oIGI\3.i';/H,iv·,L.A(LHOLj,.) olOX 0302 
2 A(Ll2)) lDX 0303 

16 R02 = R02 + 1 lDX 0304 
IF(R02 - NIFF) 18017017 lDX 0305 

17 NREO = 0 lOX 0306 
18 CALL RCCSS(A(LZN).A(LNXShA(LIll.A(LSR).AlLSM).A(LNZ),A(LFSS). lDX 0307 

1 A(LU7).A(LPHI).JGMolTL.MMToIZM) lOX 0308 
C REAO OATA IN DTF FORMAT. PERFORM AOJ REVERSALS. AND MAKE XS TAPE lOX 0309 
20 CALL RECS (A(LN2).ITL.rGr"':o~H.A(LAn:).A(LHOLN)) lDX 0310 

Or) 25 I=LN2. LAST lD\ 1'311 
25 A( I) = 0.0 lUX 0312 
102 CAL LIN I T ( A ( L K 6 ). A ( L K 7 ). A ( Ll U ). A ( LI 1 ). A ( L I 2 ). A ( U·lO ). /-. ( L M 2 ), 11) X 03 13 

1 A(LNu). A(LRu). A(LRll. A(LR3). A(LR4). A(LR~), A(LAO), l.OX 0314 
2 A(LFO). A(LCD). A(LVO).ITL.IM. t,(LV7).,vT.A(LEB).lCX 0315 
3 A(LGAM)) lOX 0316 

C PERFORM FISSION CALCULATION lOX 0317 
CALL FISCAL (A(LNO).A(LFC') .A(LV')) .A(LCO) .A(LK6) , lOX 0318 

2 A(LMO) ,A(LM2).LTL,MT. 1M. A(LES)) lOX 0319 
C CALL MONITOR PRINT lDX 0320 
101 CALL MONPR lDX 0321 

GO TO (lOu. 107.107.107). NGOTO lOX 0322 
C PERFORM AN OUTER ITERATION lDX 0323 
107 CALL OUTER( A(LAO). A(LCO). A(LFC). A(LI<.6). A(U:0lo A(L:'12). lDX 0324 

1 A(LNG). A(LN2). A(L.':>2), A(LVG), AILv7), A(LF2). ITL. lSX 0325 
2 1'1 T. A ( L C X S). I .'1,. A ( L R 5 ). A ( L R 4 ) ,; ( L r A ). /I. I L P.I:\) • 1 C X 0 3 2 6 

" AILES). IP. IGM) l8X 0327 



£-7 

C PFRFORM FISSION CALCULATION 
CALL FISCAL (A(LNU).A(LFl.,) .A(LVl,) .A(LCU) .A(LK6) • 

2 A(LMO) .A(LM2)tlTL.MT. 1M. A(LES)) 
C P~RFURM CU~VtRGENCt ~NO NtW PARAMETER CALCULATIONS 

CALL CNNP(A(LF2).A(LK6).A(LEB)) 
GO TO (lUO. 101. 1U2). NGOTO 

C 100/101/102=FINAL PRINT/MONITOR PRINT/SEARCH CALCULATION 
C FINAL PRINT 
100 CALL FINPR(A(LF2).A(LPA).A(LCU).A(LMO).A(Liv12).A(LN2).A(LR1). 

1 A(LR4).A(LAU) .A(LVv) .A(LFU) .ITL.IM.A(LEB).A(LCXS). 
2 IP.IGM.A(LPHI) .IZM.A(LC2) .IGM.A(LGAM)) 

IF(NRED) 150.150.16 
C CALCULATE MATERIAL INVENTORY 
150 CALL GRAM(A(LMASS) .A(LVUL).A(LATW).A(LHOLN).IM.A(LMO).A(LM2). 

1 A (LVO) • A ( LI u) • A (LI 1 ) • A ( LI 2) • ML. A ( Ll3 ) • A ( LJ 1) ) 
IF(NCRUN) 240.24U.210 

C COLLAPSE CROSS SECTIONS 
21u CALL CRUNCH(A(LPHI) .A(LN2) .A(LVO) .A(LV7) .A(LPHJ) .A(LNPN) .A(LK7). 

1 A ( LN 2) • A ( LCU ) • A ( LN FP) • A ( LNZN) • A ( LMO ) • A ( LHO LN ) • 
2 A(LATW).IZM.ITLP.A(LNV).NCR.ITL.I,"1.A(LVOL).A(LC2). 
3 IGM.A(LK6).A(LALPH).A(LALPS)) 

240 GO TO 1 
END 

IDX 0328 
IDX 0329 
IDX 0330 
lDX 0331 
lOX 0332 
lOX 0333 
lOX 0334 
lOX ()335 
lOX 0336 
lOX 0337 
lOX 0338 
lOX 0339 
IDX 0340 
IDX 0341 
IDX 0342 
lOX 0343 
IDX 0344 
lDX 0345 
IDX 0346 
IDX 0347 
lOX 0348 
IDX 0349 
lOX 0350 
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-ITC FOR INPtlNP IDX 0351 
SUBROUTINE INP IDX 0352 
INCLUDE ABC IDX 0353 
COMMON A(35UOO) IDX 0354 

C THIS SUBROUTINE CONTROLS THE READING OF INPUT DATA EXCEPT XS DATA lDX 0355 
C SET uP DRUM UN ITS lDX 0356 

DIMENSION JLPTA8(49) lDX 0357 
CALL SETDR(3.l5UOuU.2~uUOU.JLPTABJ lDX 0358 
CALL SETDRI4.35uUUU.2uUUOU.JLPTAB(8J) lDX 0359 
CALL SETDRI8.55uUU~.lUOUOU.JLPTAB(15J) lDX 0360 
CALL SETDRI9.650000.lUOCOO.JLPTAB(22J) lDX 0361 
CALL SETDRIlU.750Uuu.3500UQ.JLPTAB(29)) lDX 0362 
CALL SETDRIll.llUUUUU.lUOUOQ.JLPTAB(36)) lDX 0363 
CALL SETDRI12.l20 u UUU.lUOuOO.JLPTAB(43)) lDX 0364 
NrRI 3 IDX 0365 
NSCRAT = 4 lDX 0366 
NINP = 5 IDX 0367 
NOtJT = 6 IDX 0368 
NFF 8 IDX 0369 
NSR = 9 lDX 0370 
NSM = 10 lDX 0371 
NSCR I = 11 IDX 0372 
NSCR2 = 12 IDX 0373 
RFWIND NCRI IDX 0374 
REWIND NSCRAT IDX 0375 
REWIND NFF lDX 0376 
REWIND NSR IDX 0377 
REWIND NSM IDX 0378 
REWIND NSCRI IDX 0379 
REWIND NSCR2 lDX 0380 
WRITE(NOUT.lO) IDX 0381 

10 FORr-1AT(IHl.4lXt35H * * * * 1 D X * * * * II/) lDX 0382 
READ(NINP.20) (10(1).1=1011). MAXT IDX 0383 

20 FORMAT(11A6.16J IDX 0384 
WRlTE(NOUT,'lO) (1[)(I)tl=ltll). MAXT lDX 0385 

30 FORMATIlOXtlH o1lA6tl6/) lDX 0386 
READ(NINP.4c-J Au2. 104. 5'-'2. IGI"" NXCM. ML. M07, NPRT. NPU,"J. NRCFtlDX 0387 

I NIFF. MMUI. IGE. I~. IZ~. MT. MOl. BOI. BU2. NCR, NXINP. NTR. lDX 0388 
2 NFGM. IPUN lex 0389 

40 FORMAT(1216) lDX 0390 
READ(NINP.5 u ) EV. EVM. 5C3. BUCK. LAL. LAH. EPS. EPSA. POD, ORF. lDX 0391 

I SOl lDX 0392 
50 FORMAT(6E12.6) lDX 0393 

vlRlTE(NOUT,6U) Au2, ]..,4. S02. IGM, NXCM. iviL lDX 0394 
60 FORMAT( lDX 0395 

192H Au2 U/l=REGULAR CALCULATIU~/AGJOINT CALCULATION lDX 0396 
2 191 lDX 0397 
392H 104 EIGENVALUE TYPE (1/2/3/4/5=KEFF/ALPHA/CONCENTRATIOlDX 0398 
4N/DELTA/BUCKLING) 191 lDX 0399 
592H 502 PARAI~I:TI~I( EIGciWALGE TYPI: (011l2=I~ONEIKEFF/ALPHA)lDX 0400 
6 191 lDX 0401 
992H IGM NUMaER O~ ENERGY GROUPS lDX 0402 
1 191 lDX 0403 
?9?H NXCM NUM~ER OF DOWNSCATTERING TERMS IDX 0404 
~ 191 lDX 0405 
192H ML NEGATIVE/POSITIVL=NU~BI:R OF MAT~RIALS FROM TAP/:/CARIDX 0406 
2DS 19) IDX 0407 

WRITE(NOUT.7u) Mu7. ~PRT. NPJ~. ~kCF. NIFF, MMOl IDX 0408 
70 FORMAT ( lDX 0409 



80 

90 

100 

120 

392H 
4 
592H 
6 
792H 
8 

NPRT 

NPUN 
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FLUX GUESS (O/l=NONE/CARDS) 
191 

PRINT OPTION (0/1/2=MINI/MID!/MAX!) 
191 

FLUX DUMP (O/l=NO/YES) 
191 

IDX 
IDX 
lUX 
IDX 
IDX 
IDX 

792H 
8A IS 
992H 
1 

NRCF NO. OF MIXES USED IN GENf::.RATING XS DATA (IF 0, 
191 

DA Tl DX 
lDX 

0410 
0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
0420 
0421 
0 4 22 
0423 
0424 
0425 
0426 
0427 
0428 
0429 
0430 
0431 
0432 
0433 
0434 
0435 
0436 
0437 
0438 
0439 
0440 
0441 
0442 
041~3 

0444 
0445 
0446 
0447 
0448 
0449 
0450 
0451 
0452 
0453 
0454 
0455 
0456 

IN DTF FOR,"1AT) 
NIFF NUMBER OF ITERATIONS IN CALCULATION OF SIGE 

191 
IDX 
lDX 

292H MMOI 
3 

WRITE(NOUT,80) 
FORMAT( 

192H IGE 
2 
392H 
4 
592H 
6 
792H 
8 
992H 
1 

1M 

IZM 

MT 

MOl 

292H BUI 
3PERIODIC) 

WRITE(NOUT,90) 
FORMAT( 

192H BU2 
2PERIODIC) 
392H NCR 
4 

NUMBER OF MIX SPECIF. FOR Gf::.NERATING SHIELDED XS 
191) 

IDX 
lDX 
lDX 
lDX 

IGE, 1M, IZM, MT, MOl, BOI 

GEOMETRY 

NUMBER OF 

NUMBER OF 

(0/1/2=PLANE/CYLINDERISPHERE) 
191 

SPACE INTERVALS 
191 

MATERIAL ZONES 
191 

TOTAL NUMBER OF MATERIALS INCLUDING MIXES 
191 

NUMBER OF MIXTURe. SPECIFICATIONS 

lDX 
IDX 
IDX 
lDX 
IDX 
IDX 
IDX 
lDX 
lDX 
lOX 

LEFT 
191 

BOUNDARY CONDITION 
19) 

(0/1/2=VACUUM/REFLECTIVE/lDX 

B02, NCR, NXINP, NTR, NFGM, IPUN 
IDX 
IDX 
lOX 

RIGHT BOUNDARY CONDITION 
191 

NUMBER OF COLLAPSED GROUPS 
191 

(O/1/2=VACUUM/REFLECTIVE/IDX 
lOX 

(IF NCR=IGM, NO EFFECT)lOX 

NUMBER OF COLLAPSED DOWNSCATTERING TERMS 
IDX 

(IF 0, CAIDX 592H NXINP 
6LCULATED BY IDX) 191 lDX 
592H NTR 
6/REC I PROCAL) 
792H NFGM 
8 

TYPE WEIGHTING FOR COLLAPSED SIGTR 
191 

NUMBER OF COLLAPSED MATERIALS 
191 

(O/l=NORMALIZEDlDX 
lDX 
lDX 
lDX 

992H IPUN COLLAPSED CROSS SECTION OUTPUT 
191) 

(0/1/2/3=PRINT/PUNClDX 
lDX 
luX 
lDX 
lDX 
IDX 
IDX 
lDX 
lDX 

lH/TAPE+EOF/TAPE) 
WRITE(NOUT,lJJ) EV, EVM, S03, BUCK, LAL, LAH 
FORMAT( 

19lH EV 
2 
391H 
4 
591H 
6 

EVM 

S03 

791H BUCK 
8 
991H 
1 

LAL 

FIRST tIGENVALUt GUtSS 

EIGENVALUE 

PARAMETRIC 

lPElO.41 
MODIFIER 

IPEIO.41 
EIGLNVALUE 

IPElO.41 
BUCKLING (CM-2) 

lPElO.41 
LAMBDA LOWER 

IPEIO.41 
291H LAH LAMBJA UPPER 
3 IPElo.4/) 

WRITE(NOUT,12v) EPS. EPSA, POD. ORF. Svl 
FORMAT( 

19lH EPS 
2 
391H EPSA 

EIGENVALUE CONVERGENCE CRITERION 
lPElO.41 

PARA~ETFR CONVERGENCE C~JTER'O~ 

IDX 0457 
IDX 0458 
IDX 0459 
IDX 0460 
IDX 0461 
lUX 0462 
lOX 0463 
IDX 0464 
lOX 0465 
lDX 0466 
lDX 0467 
1[iX 0468 
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4 1PE10.4/ 
591H POD PARAMETER OSCILLATION DAMPER 
6 1PE10.4/ 
791H ORF OVER-RELAXATION FACTOR 
8 1PE10.4/ 
991H 501 NEGATIVE/POSITIVE=POWER (MWT)/NEUTRON SOURCE RATE 
1 1PE10.4/ 
291H 
3 1PE10.4/) 

IF(A02) 230,230,210 
210 IF(NIFF) 230,230,220 
220 CALL ERR02(6H INP,220,1) 
23U IF(S02) 240, 26U, 24U 
24U IF(S03) 260, 250, 260 
250 CALL ERR02(6H INP,250,1) 
260 FEF = 215.0 

TSD = FEF*1.602*10.**(-19) 
GLH = MAXT*60 
IGMIM = IGM*IM 
KPAGE =100 
ME = 0 
IHS 5 
ITL = NXCM + 5 
IHT = 4 
IP = 1M + 1 
IGP = IGM + 1 
IGEP = IGE + 1 
EQ = .0 
LAP = .0 
LAPP = .0 
LAR = .0 
ALA = .0 
P02 = 0 
NP02 = 0 
CVT = 0 
CNT = 0 
NXCMP = NXCM 
IF(NXCM - NCR + 1) 275,275,270 

270 NXCMP = NCR - 1 
275 ITLP = NXCMP + 5 

NCRUN = ° 
IF(NCR-IGM) 280.280,290 

280 NCRUN = 1 
290 T06 = 0 

IF(I04-4) 310, 300, 310 
300 T06 = 1 
310 R02 = 0 

MMT = MMOI - NRCF 
ICARD = ML 
ML = IABS(MLl 
I RED = 1 
NRED = 0 
IF(NRCF) 316. 316. 314 

314 NRED = 1 
R02 = -1 

316 IGM3 = IGM*3 
NXCMR = NXCM + 1 

C COMPUTE DIMENSION POINTERS 
LRO = 1 

IDX 0469 
IDX 0470 
1DX 0471 
IDX 0472 
1DX 0473 
IDX 0474 
IDX 0475 
1DX 0476 
1DX 0477 
1DX 0478 
1DX 0479 
1DX 0480 
1DX 0481 
1DX 0482 
1DX 0483 
1DX 0484 
1DX 0485 
1DX 0486 
1DX 0487 
1DX 0488 
1DX 0489 
1DX 0490 
1DX 0491 
IDX 0492 
1DX 0493 
1DX 0494 
1DX 0495 
1DX 0496 
1DX 0497 
1DX 0498 
1DX 0499 
1DX 0500 
lDX 0501 
1DX 0502 
1DX 0503 
1DX 0504 
1DX 0505 
lDX 0506 
1DX 05(17 
IDX 0508 
1DX 0509 
1DX 0510 
1DX 0511 
1DX 0512 
1DX 0513 
1DX 0514 
1DX 0515 
1DX 0516 
1DX 0517 
1DX 0518 
1DX 0519 
1DX 0520 
IDX 0521 
1DX 0522 
IDX 0523 
1DX 0524 
1DX 0525 
IDX 0526 
1DX 0527 
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LMO = LRC! + I P lDX 0528 
• LM2 = LMO + 1M lOX 0529 

LGAM = LM2 + IZ"1 lDX 0530 
LK7 LGAM + IZ"1 lOX 0531 
LV7 LK7 + IGM lOX 0532 
LIO LV7 + IGM lDX 0533 
LIl LIO + MOl lOX 0534 
LI2 LIl + MOl lOX 0535 
LR3 LI2 + ~10 1 lOX 0536 
LNO LR 3 + IZM*T06 lOX 0537 
LATW = LNO + IM*IGM lOX 0538 
LHOLN = LATW + i"1L lOX 0539 
LNUT = LHOLN + ML lOX 0540 
LMPUP = LNUT + ML lOX 0541 
LNT = LMPUP + ML lOX 0542 
LNGB = LNT + ML*NREO lOX 0543 
LNGE = LNGB + ,v,L *NREO lOX 0544 
LNPFF = LNGE + '~L *NREO, lOX 0545 
LFF LNPFF + 4*ML*NREO lDX 0546 
LSF LFF + 4-)1. IGM3 *6*NREO lOX 0547 
LSR LSF + 4*ML *6*i'lRED lOX 0548 
L91 LSR + 9*IGI\i*NREO lDX 0549 
LZN LSt~ + IGM*NXCMR*NREO lOX 0550 
LHETC = LZN + NRCF*NRED lOX 0551 
Ul = LHETC + NRCF*NRED lOX 0552 
LATE~ = LJl + MM01*NRED lOX 0553 
L~:F = LATE~ + MIv10l*NREO lDX 0554 
LU7 = LMF + ,V,1~01 *NRED lOX 0555 
LTEM = LU7 + IGM*NREO lDX 0556 
LAG = LTEM + 3*ML*NREO lDX 0557 
LNXS = LAG + NRCF*IGM*NREO lDX 0558 
LFSS = LNXS + NRCF*NREO lOX 0559 
LSIGO = LFSS + 4*M~IT*IGM*NRED lOX 0560 
LNPN LSIGO + '~MT* I G,"i*NREO lOX 0561 
LNFP = LNPN + NCR*NCRUN lOX 0562 
LNZN = LNFP + NFGM*NCRUN lOX 0563 
LNV = LI'lZt'l + NFG,'I*,\CRUN lOX 0564 
LC2 = LNV + IGM*NCRUN lDX 0565 
LALPH = LC2 + I zr~*! Gfv',*NCRUN lOX 0566 
LALPS = LI-\Lf'H + I l'"I''< I G,"1*NCRUN lOX 0567 
LPHJ = LALPS + IZM*NCR*NCRUN lOX 0568 
LPHI = LPHJ + IZM*NCR*NCRUN lOX 0569 
Leo LPHI + IZM*IGP lDX 0570 
LAO LCO + IT L *VT lDX 0571 
LPl LAO + IP lDX 0572 
LR4 LR 1 + I P lDX 0573 
LR5 LR4 + 1M lOX 0574 
LVO LR5 + 1M lDX 0575 
LN2 LVO + 1M lOX 0576 
LF0 LN? + I"'*IGM lOX 0577 
LF:2 LFC + Ii,' lDX 0578 
LI'l LF2 + I Iv ~ lDX 0579 
LKf- LI'l + M()l lOX 0580 
LS2 LK6 + IG,M lDX 0581 
LCXS = LS2 + I i~ lOX 0582 
LVOL = LCXS + I P* I G:~*2 lDX 0583 
Lr~ASS :0 LVOL + I zr,~ lDX 0584 
c.H/' L;/IASS + ,'·iL*! z,~ lDX 0585 
LP,t, = LHA + I" lOX 0586 



E-IZ 
LFB = LPA + 1M lDX 0587 
LAST = LEB + 8*IGP lDX 0588 

II 

ITEMP = LN2 + ITL* IGM*MT lDX 0589 
LAST = MAXO (LAST. I TEMP) IDX 0590 
WRITE(NOUT. 320) LAST lDX 0591 

320 FORMAT(5H LAST.I6111) IDX 0592 
DO 325 I=l.LAST IDX 0593 

325 A(I) =0.0 IDX0594 
( READ FLUXES lDX 0595 

IF(M07-1) 330. 350. 350 IDX 0596 
330 ITEMP = LNO + IGMIM - 1 IDX 0597 

DO 340 I=LNO.ITEMP lDX 0598 
340 A(I) = 1.0 IDX 0599 

GO TO 370 IDX 0600 
350 WRITE(NOUT.360) lDX 0601 
360 FORMAT(llHOFLUX GUESS) IDX 0602 

(ALL REAG2(6H NO.A(LNO) .IGMIM) IDX 0603 
( READ ,MESH POINTS IDX 0604 
370 WRITE(NOUT.380) IDX 0605 
380 FORMAT(12HOMESH POINTS) IDX 0606 

(ALL REAG2(6H RO.A(LRO).IP) lDX 0607 
( READ ZONE NUMBERS IDX 0608 

WRITE(NOUT.390) IDX 0609 
390 FORMAT(30HOZONE NUMBERS BY MESH INTERVAL) IDX 0610 

(ALL REAI2(6H MO.A(LMO).IM) IDX 0611 
( READ MATERIAL NUMBERS IDX 0612 

WRITE(NOUT.400) IDX 0613 
400 FORMAT(25HOMATERIAL NUMBERS BY ZONE) lDX 0614 

(ALL REAI2(6H M2,A(U"12).IZM) 1DX 0615 
( READ BUCKL I NG MODI F I ERS IDX 0616 

IF(104 - 5) 401.402.401 IDX 0617 
401 IF(BUCK) 4U2,4u8,41.i2 lOX 06Hl 
402 WRITE(NOUT.404) 1DX 0619 
404 FORMAT(27HuclUCKLIN0 MODIFIERS BY lONE) IDX 0620 

CALL REAG216H GAM.AILGAM).IZM) IDX 0621 
( READ F I SSI ON FRACT IONS 1DX 0622 
408 WRITE(NOUT.410) 1DX 0623 
41U FORMAT(18HUFISSION FRACTIONS) IDX 0624 

CALL REAG2(6H K7.,i\{LK7) tlGi'lt) IDX 0625 
( ReAO VELOCITIES 1DX 0626 

WRITE(NOUT.420) IDX 0627 
420 FORMAT(17HONEUTRON VELOCITY) IDX 0628 

CALL REAG216H V7,AILV7) .rG:~) IDX 0629 
C READ MIXTURt SPECIFICATIONS IDX 0630 

IFlr-.Wll 440.440,430 IDX 0631 
4~0 W~ITEINOUT,44~) lDX 0632 
445 FORMAT(b2Hul~IXTURE SPECIFICATIO~~ IIO/II/I~=MIX NUMdER/MAT. NUMBERIDX 0633 

1 FOR MIX/lv,ATERIAL DENSI TY)) IDX 0634 
CAL L REA I 2 I 6 HIe. A I Ll C ) • I'~ 0 1 ) 1 D X 06 3 5 
CALL REAI216H il,AILlll,M01) lOX 0636 
CALL REAG2(6H !2./lILlZ),M,Ol) IDX 0637 

C READ ZONE MODIFIERS IF )ELTA CALCULATION IDX Ob38 
440 IFII04-4) 500.450.500 IDX 0639 
450 WRITEI~OUT,46G) IDX 0640 
460 FORMATI32H0Z0NE MODIFIERS FeR DELTA C?TIO~) IDX 0641 

CALL REAG2(6H R3.AILR3).IU) IDX 0642 
C READ NU~BERS OF MAT~~IALS TJ B~ ?U~CnEJ IDX 0643 
C READ NUMBlR OF GROUPS FOR EACH CRU~CH~2 GROUP IDX 0644 
500 IFINCRUN) 575,575,')4 n lex 0645 



540 
55u 

C 

560 

C 

570 

575 
C 
580 
590 

C 

6Uu 

C 

61U 

C 

62l; 

C 

630 

C 

640 

C 
65u 
66U 

C 
67J 
68C 
690 

7Cc.; 
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~fRIr:: (NOLJT,S,::J) 
FORMAT(36HCNUMBER OF GROUPS PER CRUNCHEO GROUP) 
CALL REAI2(6H NPN,A(LNPN),NCR) 
RFAD NUMBERS OF MATFRIALS TO BE CRUNCHED 
WRITE(NOUT,56C) 
F()R"1AT(36HONlI"1RFRS OF f.1ATERIALS TO RF CRUNCHED) 
CALL REAI2(6H NFP,A(LNFP),NFGM) 
RFAn ZONE NU~BERS OF FLUXES US EO FOR CRUNCH CALCULATION 
WRITE(NOUT,570) 
F0RMAT(5IHOZONE NU~BERS OF FLUXES USED FOR CRUNCH CALCULATION) 
CALL REAI2(6H NZN,A(LNZN),NFGM) 
II'"(NRCF) 670,670, 58C 
REAO ZONE NUMBERS FOR EACH CROSS SECTION MIX 
.... RIE(NOUT,590) 
FORMAT(4UHOZONE NUMBERS FOR EACH CROSS SECTION MIX) 
CALL REAI2(6H ZN,A(LZN),NRCF) 
READ HeTEROGENEITY CONSTANT FOR EACH CROSS SECTION MIX 
WRITE(NOUT,600) 
FORMAT(5UHUHETEROGENEITY CONSTANT FOR EACH CROSS SECTION MIX) 
CALL REAG2(6H HETC,A(LHETC) .NRCF) 
REAO ISOTOPE NU~bER FU~ EACH TERM IN xs MIX VECTOR 
~JRITE(NOUT.610) 

FORMAT(46HOISOTOPE NUMBER FOR EACH TERM IN XS MIX VECTOR) 
CALL REAI2(6H JloA(LJlI.MMOli 
REAO T~MPERATURE FOR EACH TERM IN XS MIX VECTOR 
't;RIE:(NOUT,62C) 
FORMAT(44HUTEMPERATJR~S FOR EACH TERM IN XS MIX VECTOR) 
CALL REAG2(6H ATEM,A(LATE~),MMOl) 
REA] FUEL OR MODERATOR DESIGNATION FOR EACH TERM IN XS MIX VECTOR 
'<!RITE(NOUT.6"'O) 
FORMAT(83HOFJEL OR ~ODERATOR DESIGNATION FOR EACH TERM IN XS MIX 

lECTOR (O/l=FUEL/MOUERATOR)) 
OLL REAI2(6H MF,A(UItF),MM211 
RI'"AD LETHARGY WIDTHS 
\~RlTE(NOUT.640) 

FORMAT(16HOLETHARGY WiDTHS) 
CALL REAG2(6H U7.A(LU7),rGM) 
IF(ICARD) 650.670.670 
READ SEQUENCE NUMBERS ON TAPE FOR INPUT CROSS SECTIONS 
~iRITE(NOUT,66:)) 

FORMAT(70HCSEQUENCE NUMBERS ON TAPE FOR CROSS SECTION DATA IN THE 
lRLJ5SIAN FORMAT) 

CALL REAI2(6H NUT.A(LNUT),ML) 
END OF INPUT DATA (EXCEPT CROSS SECTION DATA) 
IF(LAST - 350JO) 7JO, 700, 680 
\'1 R I IE ( NO U T , 69':: ) 
FOR~AT(26H PROGRA~ CAPACITY EXCEEDEO) 
STOP 
R:;:hJRf, 

FND 

lOX 
lOX 
lDX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
IDX 
IDX 
IDX 
lOX 
lOX 
lOX 
lOX 
lDX 
lOX 
lOX 
lOX 
lOX 
lOX 

VIOX 
lOX 
lOX 
lOX 
lOX 
lOX 
lOX 
IDX 
lOX 
lOX 
IDX 
IDX 
IDX 
lOX 
lOX 
IDX 
lOX 
lOX 
IDX 
lOX 

0646 
0647 
0648 
0649 
0650 
0651 
0652 
0653 
0654 
0655 
0656 
0657 
0658 
0659 
0660 
0661 
0662 
0663 
0664 
0665 
0666 
0667 
0668 
0669 
0670 
0671 
0672 
0673 
0674 
0675 
0676 
0677 
0678 
0679 
0680 
0681 
0682 
0683 
0684 
0685 
0686 
0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
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-IT FOR ERR02.ERR02 

SUBROUTINE ERR02( HOL.JSUBR.Il 
COMMON NCRI. NFF. NINP. NOUT. NSCRAT. 
WRITE (NOUT.1l HOL,JSUBR 

I FORMAT(2H */9H ERROR IN.A6.3H AT.I6/ZH */2H *l 
GO TO (3.4 l • I 

3 STOP 
4 RETURN 

END 

1DX 0696 
IDX 0697 

NSCRI. NSCRZ IDX 0698 
IDX 0699 
IDX 0700 
IDX 0701 
IDX 0702 
IDX 0703 
IDX 0704 



-IT FOR CLEAR,CLEAR 
SUaROUTI~E CLEAR IX,y.N) 
DIHENSIO~ YIl) 
DO 1 1=1. N 
Y I I ) = X 
RETuRN 
END 

E-IS 

IDX 0705 
IDX 0706 
IDX 0707 
IDX 0708 
IDX 0709 
IDX 0710 
IDX 0711 
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-IT FOR REAG2,REAG2 

10 
20 

30 

40 
50 
60 

C 
70 

C 
80 

90 

C 
IOU 
11u 

120 

130 
140 

C 
150 

16(, 
17e 
180 

SUBROUTINE REAG2(HOLL,ARRAy,NCOUNT) 
DIMENSION ARr~AY(1l,V(12),K(12)t1N(12) 
COMMON NCRl, NFF, NINP, NOUT, NSCRAT, NSCRl, NSCR2 
JFLAG=O 
J=l 
IF(JFLAG)20,40,20 
DO 30 JJ=1,6 
K(JJ)=K(JJ+6) 
IN(JJ)=IN(JJ+6) 
V(JJ)=V(JJ+6) 
JFLAG=O 
GO TO 60 
READ (NINP,50) (K(I)t!N(I),V(I)t!=1,6) 
FORMAT(6(ll,12,E9.4») 
DO 140 I = 1,6 
L=K( 1)+1 
GO TO (70,80,100,150),L 
NO MODIFICATION 
ARRA Y (J ) =V ( I ) 
J=J+l 
GO TO 140 
RFPEAT 
L=IN(I) 
DO 90 M=l,L 
ARRAY(J)=V(I) 
J=J+l 
GO TO 140 
INTERPOLATE 
IF(I-6) 120,11U,110 
READ (NINP,5'J) (K(JJ)t1N(JJ),V(JJ),JJ=7tl2) 
JFLAG=l 
L=IN(I)+l 
DEL=(V(I+l)-V(I))/FLOAT (Ll 
DO 130 f\.',=l,L 
ARRAY(J)=V(I)+DEL*FLOAT (M-l) 
J=J+1 
CONTINUE 
GO TO 10 
TFRMINATF 
J=J-l 
WRITE (NOUTtl6v) HOLL,J ,( ARRAY(I),]=l,J) 
IF(J -NCOUNT)17U,15U,170 
FORH A T ( 6 X, A6 , 16/ ( 1 (j E 12.5) ) 
CALL ERR02 ( 6H REAG2, 17;,1 ) 

[ND 

IDX 0712 
IDX 0713 
lDX 0714 
lDX 0715 
IDX 0716 
IDX 0717 
IDX 0718 
lDX 0719 
IDX 0720 
IDX 0721 
lOX 0722 
IDX 0723 
IDX 0724 
lOX 0725 
IDX 0726 
IDX 0727 
IDX 0728 
IDX 0729 
IDX 0730 
lDX 0731 
lDX 0732 
lDX 0733 
lDX 0734 
IDX 0735 
IDX 0736 
lDX 0737 
lDX 0738 
IDX 0739 
lOX 0740 
lOX 0741 
lDX 0742 
IDX 0743 
lDX 0744 
lDX 0745 
IDX 0746 
IDX 0747 
IDX 0748 
lDX 0749 
IDX 0750 
IDX 0751 
lDX 0752 
IDX 0753 
IDX 0754 
IDX 0755 
IDX !)756 
lDX 0757 
l[)X 0 7 58 
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-IT FOR REAI2.REAI2 

SUBROUTIN~ REAI2(HOLL.IARRAy.NCOUNT) 
l) I HENS I UN I ARRAY ( 1) • I V (6) • K (6) .1 N (6) 
COMMON NCR1. NFF. NINP. NOUT. NSCRAT. NSCR1. 
J=l 

10 REAO(NINP.2u) (K(I)olN(I)t!V(I).I=lt6) 
20 FORMAT(6(11.I2.I9» 

DO 701=1.6 
L=K(I)+l 
GO TO (30.40,60,80 ) ,L 

C NO MODIFICATION 
30 IARRAY(J)=IV(I) 

J=J+l 
GO TO 70 

C RFPfAT 
40 L=IN(I) 

50 

C 
60 
70 

C 
80 

90 
100 
110 

DO 50 M=l,L 
I ARR A Y ( J ) = I V ( I ) 
J=J+1 
GO TO 70 
INTERPOLATE' 
CALL ERR02(6H REAI.60,1) 
CONTINUE 
GO TO 10 
TERMINATE 
J=J-1 
WRITE (NOUT.901 HOLL.J 
IF(J -NCOUNTIIOO,110.100 
FORMAT(6X,A6,16/(10112») 
CALL ERR02( 6H REAI2,100,1) 
RFTURJ\I 
FNI") 

.(IARRAY(II,I=l.J) 

lDX 0759 
lDX 0760 
lDX 0761 

NSCR2 1DX 0762 
lDX 0763 
lDX 0764 
lDX 0765 
lOX 0766 
lDX 0767 
lDX 0768 
lOX 0769 
lOX 0770 
lDX 0771 
lDX 0772 
lDX 0773 
lDX 0774 
lOX 0775 
lDX 0776 
lDX 0777 
lDX 0778 
lDX 0779 
lDX 0780 
lDX 0781 
lOX 0782 
lDX 0783 
IDX 0784 
lDX 0785 
1DX 0786 
lDX 0787 
IDX 0788 
IDX 0789 
lDX 0790 
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-ITC FOR RCINPl.RCINPl IDX 0791 
SIII'lROUTINE RCINPIIHOLN.ATW.NT.NGP.NGF.NPFF.FF.JGM3.JMl.SF. IDX (J792 

1 SR. ~M. JGM. U7. TEM. ATtM. 10. II. 12. J1. Mf. 1DX 0793 
2 IN. HETC.NUT.MPUP.NXS) 1DX 0794 

DIMENSION HOLNIl). ATW(1). NT(1). NGBIl). NGElll. NPFFI4tl). IDX 0795 
1 FFI4tJGM3tl). ~FI4.J{viLtl). ~RI 9.1). ~rv11 JGt-'ttl). 1DX 0796 
2 U7(1). TEMI3.1). ATEM(1). 1011). 11(1). 12(1). JIll). IDX 0797 
3 MFlllt lNlll. HETClll. NUTlll. MPIJPIll. NXSlll IDX 0798 

INCLUDE ABC 1DX 0799 
C READ CROSS SECTION DATA IN THE RUSSIAN FORMAT IDX 0800 

ITFMP = 0 1DX 0801 
lTEMPl = 1 1DX 0802 
00 7 J= 2 .M"10 1 IDX 0803 
IFIIOIJ) - 10IJ-1)) 3. 7. 3 1DX 0804 

3 I TEMP = I TEMP + 1 1DX 0805 
ITEMP2 = J 1DX 0806 
NXSIITEMP) = ITEMP2 - ITEMPI 1DX 0807 
lTEMPl = ITEMP2 1DX 081)8 

7 CONT I NUE 1 DX 0809 
NXSINRCFl = MM01 + 1 - ITEMPI IDX 0810 
IFIICARD) 10.20.20 1DX 0811 

10 CALL RCPUPIHOLN.ATW.NT.NGB.NGE.NPFF.FF.JGM3.JML.SF. IDX 0812 
1 SR. SM. JGM. U7. TEM. ATEM. 10. 11. 12. Jl. MF. IDX 0813 
2 IN. HETC.NUT.MPUP) 1DX 0814 

GO TO 640 IDX 0815 
20 DO 600 M=l.ML 1DX 0816 

READININP.30) HOLNIM). ATWIM). NTIM). NGdIM). NGEIM). IDX 0817 
1 INPFFIK.M). K=1.4). ITEMIK.H).K=lt3) IDX 0818 

30 FORMATIA6.E6.2.716.3E6.0) 1DX 0819 
IFINTIM)) 4u. 4". 5u IDX 0820 

40 NB = NGBIM) IDX 0821 
NE = NGEI~) IDX 0822 
GO TO 60 1DX 0823 

50 NB = 3*NGBIM) - 2 lOX 0824 

60 

62 

80 
100 

16" 

170 
180 
200 

23u 
24C 

25U 
260 
265 

NF ::: "l*~!GF I~') 

DO 100 K:::1.4 
NF = NPFF(K.M) 
IFINF) 100.100.62 
READININP.80) ISFIK.M.N).N=l.NF) 
READININP.8U) IIFFIKtJ.N). N=l.NF). J=NB.NE) 
W R I TEl N F F ) I IFF I K • J • N). N::: 1 • N F ). J::: ~1 B • N F ) 
FORMAT I 12E6.3) 
CONTINUE 
DO 200 IIG=l.IGM 
R::AQININPtl6U) L. ISRI KtlIG). K=1.9) 
FORMATII3. Flv.4. F~.~. Fj.3. F10.4. F6.4. F9.4. F6.4. F6.4. 
I F I L - II G ) 17;.,. 2 G 1,;. I 70 
WRITE(NOUTtl80) hOLNIM)ol!G 
FORMAT(32H CHECK (ROSS SECTION SEQUENCE .A6.6H GROUP 131/1) 
CO~TINUE 
\'.RITEIN':'R) IISRIKolIG). K=l.9). IIC:=l.IGi"1) 
00 300 lIG=1.1G~ 
I F I ~I X t M R - 1 1) 23 0 • 23 .' • 75) 
READININP.24'~) L. IS,y!! IIG.KltK=l.NX(i>iR) 
FOR',1ATI13. E7.4. 10::6.4) 
GO TO 265 
REA DIN I N P • 26 u) L. lSi'; I I I G • K ) • K = 10 N X C {vi R ) 
FORMATII3. E7.4. lC:::6.4/112E6.4)) 
IFIL-IIG) 270. 3C~. 27 0 

IDX 0825 
1DX 0826 
IDX (J827 
IDX 0828 
IDX 0829 
1DX 0830 
lDX 0831 
IDX 0832 
IDX 0833 
lDX 0834 
IDX 0835 

FS.4)lDX 0836 
1DX 0837 
1DX 1)838 
lOX 0839 
1DX 0840 
IDX 0841 
1DX 0842 
IDX ()843 
1DX Ob44 
1DX 0845 
lDX 0046 
1DX 0847 
1DX 0848 
IDX 0849 
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270 WRITE(NOUT.280) HOLN(MltIIG IDX 0850 
280 FORMAT(36H CH~C< SCATT~RING MATRIX SEQUENCE .A6.6H GROUP 131/1) IDX 0851 
300 CONTINUE IDX 0852 

WRITE(NS~I) ((SM(IIG.K). K=I.~XCMR). IIG=It!GM) IDX 0853 
NB = NGB(M) IDX 0854 
NE = NGE(M) IDX 0855 
IF(NPRT - I) 600.600.320 IDX 0856 

320 CALL RCPRTI(HOLN. SR. SM. NPFF. SF. FF. NT. M. JML. JGM. JGM3. IDX 0857 
I NGB. NGE. TEM) IDX 0858 

60u CALL RCCHK(M. SR. HOLN. U7. SM. NT. NPFF. FF. NGB. NGE. JML. IDX 0859 
I JGfI.'. JGM3) IDX 0860 

IF(NPRT - 1) 610.610.640 IDX 0861 
610 WRITE(NOUT.62C) (M.HOLN(M). M=l.ML) IDX 0862 
620 FORMAT(79HI CROSS SECTION DATA FOR THE FOLLOWING ISOTOPES WAS GIVEIDX 0863 

IN IN THE RUSSIAN FORMATII 30H ISOTOPE ISOTOPE I IDX 0864 
3 8H NUMBERII (I6.17X.A6)) IDX 0865 

640 WRITE(NOUT.6S0) (IO(J).II(J).I2(J).Jl(J).ATEM(J).MF(J).J=1.MMOl) IDX 0866 
6S0 FORMAT(63HIMIXTURE SPECIFICATIONS FOR CALCULATING SHIELDED CROSS SIDX 0867 

IECTIONSII IlbH MIXTURE MIX MATERIIDX 0868 
2AL ISOTOPE TEMPERATURE O/I=FUEl/MOD IDX 0869 
31 96H NUMBER COMMAND DENSIIDX 0870 
4TY NUMBER (DEG K) /1(110. 121. E25.8, IDX 0871 
S IlS. E2S.8. I14)) IDX 0872 

WQITE(NOUT.660) IDX 0873 
660 FORMAT(111118X. IDX 0874 

IS6H CROSS SECTION ZONE FLUXES HETC. CONST.I 8X. IDX 0875 
2S6H MIX NUMBER FUR XS MIX FOR XS MIX I) IDX 0876 

ITEMPI = 1 IDX 0877 
DO 670 J=I.NRCF IDX 0818 
ITEMP = IO(ITEMPI) IDX 0819 
ITEMPI = ITEMPI + NXS(J) IDX 0880 

670 WRITE(NOUT.680) J. !TEMP. ZN(J). HETC(J) IDX 0881 
680 FORMAT( IS. 114. 120. E2S.8) IDX 0882 

REWIND NFF IDX 0883 
R~WIND NSR IDX 0884 
R~WIND NSM IDX 0885 
R~TURN IDX 0886 
END IDX 0881 



-ITC 

C 

20 
30 

34 

35 

40 

50 

60 

62 

100 

32v 

38l-

600 

640 
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FOR RCPUP.RCPUP 
SUBROUTINE kCPUP(HOLN.ATw.NT.NGB.NGE.NPFF.rF.JGM3.JML.SF. 

1 SR. SM. JG~I. U7. TEM. ATEM. 10. 11. 12. Jl.I"1F. 
2 ZN. HETC.NUT.MPUP) 

DIMENSION HOUdll. ATW(ll. NT(l). NGB(l). NGE(l). NPFFI4tlJ. 
1 FFI4.JGM3.l). SF(4.J'~Ltl). SRI 9tlJ. SMI JGM.IJ. 

lDX 
IDX 
IDX 
lDX 
lDX 
IDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
IDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
lDX 
IDX 
lDX 
IDX 
lDX 
luX 
lDX 
luX 
lDX 
IDX 

0888 
0889 
0890 
0891 
0892 
0893 
0894 
0895 
0896 
0897 
0898 
0899 
0900 
0901 
0902 
0903 
0904 
0905 
0906 
0907 
0908 
0909 
0910 
0911 
0912 
0913 
0914 
0915 
0916 
0917 
0918 
0919 
0920 
0921 
0922 
0923 
0924 
0925 
0926 
0'927 
0928 
0929 
0930 
0931 
0932 
0933 

2 U7(1l. TE~\I3tlJ. ATEM(1). 10(1).1111). 12(1). J1Ill. 
3 MF(l). ZN(lI. HETC(1). NUT(l). MPUP(lI 

1 

INCLUDE ABC 
THIS SUBRUUTINE READS DATA IN THE RUSSIAN FORMAT FROM TAPE 
NLAST = NUT(l) 
DO 30 M=2.ML 
IF(NUT(MJ - NLAST) 30.30.20 
NLAST = NUT(M) 
CONTINUE 
REWIND 15 
~1TEMP = 0 
DO 600 NN=l.NLAST 
DO '34 M=l.ML 
IF(NUT(M) - NN) 34.35.34 
CONTINUE 
GO TO 600 
1-1TEMP = MTEMP 
MPUP(MTEMP) 
READ(15) 

IF ( NT 1M» 40. 
NB = NGB(M) 
NE = NGEIM) 
GO TO 60 

+ 1 
M 

HOLN(M). ATW(M). NTIM). NGB(M). NGE(M). 
(NPFF(K.M). K=1.4). (TEM(K.'''1ltK=1.3) 

40. 50 

NB = 3*NGBIM) - 2 
NE = 3*NGEIM) 
DO 100 K=1.4 
NF = NPFFIK.M) 
IF(NF) 100.100.62 
READ(15J (SF(K.M.N}tN=l.NF) 
READ(15) ((FFIK.J.Nlt N=bNF). J=NB.NE) 
WRITE(NFF) ((FF(K.J.N). N=l.NF). J=NB.NE) 
CONT I N'JE 
READ(15) 
WRITE(N::,R) 
READ(15) 
WRITE(N'sM) 
N8 = NGB(M) 
Nt' = NGE(M) 

((::'R(KtlIG). K=1.9). IIG=l.IGM) 
I(SR(KtlIG). (=1.9). IIG=ltlG1vI) 
((::'M(IIG.K). (=l.NXCMR). IIG=ltIGI"I) 
((S~~(IIG.K). K=1.NX01R). IIG=ltIG"1) 

IF(NPRT - 1) 38U.380.32C 
CALL RCPRTl(HULN. ::'K. ,s~. NPFF. SF. FF. NT. M. JML. JGM. JGM3. 

1 NG~. NGE. TEM) 
CALL RCCH((M. SR. rlULN. U7. SM. NT. NPFr. FF. NGB. NGE. JML. 

1 JGM. JGM3) 
CALL NTRAN(15.8.1) 
RFIo;JNr:> 15 
IF(NPRT - 1) 611,610.640 
WRITE(NOUT.62u) (M,HOLN(M). NUT(~). M=l.ML) 
FORMAT(7~Hl CROSS ~~CTION DATA FOR ThE FOLLOWING ISOTOPES wAS 

IN IN THF RUSSIt~ FORMAT// 
251H ISOTOPE ISOTOPE 
1')lH NUMFlFR 
4 (16. 17X, A6. 14X. [4») 

Rc-rURN 
END 

:JU~~RER / 
ON TAPE II 

IDX 093'+ 
lDX 0935 
lDX 0936 
lDX 0937 
lDX 0938 
lDX 0939 
lL>X 0940 
lDX 0941 

GIVElDX 0942 
lDX 0943 
lL>X 0944 
lDX n945 
lDX 0946 
lDX 0947 
lDX n945 



-ITC 

C 

40 

50 

60 
70 

80 

90 
lUO 

110 
121..1 
13u 

15() 
160 

170 

180 
190 

22v 
230 

281J 

300 

FOR RCPRTl.RCPRT1 
~UBROUTIN~ RCPRTl(HOLN. 

] JGM3. 
llII-iEN:)IOi, HOLf,(ll. ':""1 ( 

1 SF(4.JML.1). 
2 TEM(3.1) 

INCLUDE AElC 
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~R. SM. NPFF. S~. fF. NT. M. JML. JGM. 
NGB. NGE. TEM) 

901). Sr.-I ( JGi'"llt NPFF(4.l). 
FF{4.JGM3tl). NT{l). NGR{l), NGE(llt 

PRINT DATA IN THE RJSSIAN FORMAT 
WRITE(NOUT.40) M. HOLN(M) 
FORMAT(lHl.I4.5X.24H CROSS SECTION DATA FOR .A6//) 

lDX 
lDX 
lDX 
lDX 
lDX 
lOX 
lOX 
lOX 
lOX 
lOX 
lDX WRITE(NOUT.50) 

FORMAT( 93H GROUP SIGT SIGF 
SIGOEL/) 

NU SIGC SIGIN lDX 
1 SIGEL MUEL XI 

DO 60 I IG=l. IG~ 
WRITE(NOUT.7U) IIG. (SR( K.IIG),K=1.9) 
FORMAT(14. F9.3. 8F10.3) 
WRITE(NOUT.80) HOLN(M) 
FORMAT(///33H INELASTIC SCATTERING MATRIX FOR A6.// 

l44H GROUP GXG GXG+l GXG+2 . . 
DO 100 IIG=l.IGM 
FORMAT(14. F9.3. 10F10.3. F13.3tlOF1003) ) 
WRITE(NUUT.9Q) IIG. (SM( IIG.K). K=l.NXCMR) 
DIMENSICN HF(2.4) 

. / ) 

DATA ((HF(I.Jlt 1=1.2). J=1.4)/7HFISSION.7HCAPTUREt7H TOTAL. 
1 7HFLASTIC/ 

DO 300 K= 1.4 
NF = NPFF(K.M) 
IF(NF) 300. 3JO. 110 
IF(NT(M)) 120.120.220 
I'iRITE(NOuTtl3v) (HF(I<.I.K).KI=1.2). HOLN(M) 

lDX 
IDX 
lDX 
lDX 
IDX 
IDX 
lDX 
lDX 
lOX 
lDX 
lOX 
lDX 
lDX 
lOX 
lOX 
lOX 
lOX 
lDX 

FORMAT(/lH~.A6.Al.28H SELF-SHIELDING FACTORS FOR A6.26H (TEMPERATUIOX 
IRE INDEPENDENT)/) 

WRITE(NOUT.160) (SF(K.M.N). N=l.NF) 
FORMAT(6H SIGO • 1P18E7.l) 
WRITE(NOUTtl7:;) 
FORMAT( 6H GROUP/) 
DO ]80 J=NB.NE 
WRITE(NOUT.19~) J. (FF(K.J.N). N=l,NF) 
FORMAT(14. F9.3. 17F7.3) 
GO TO 30() 
wRITE(NOUT.23v) (HF(KI.K).KI=1.2). hOLN(M). (TEM(KI.M).KI=1.3) 
FORMAT{/lHu.A6.Al.~drl stLF-SHl~LUING FACTORS FUR A6.17~ ARE GIVEN 

1AT T =.F5.v.1H •• F5.J.6H. AND .F5.c.15H DEGREES KELVIN/) 
WRITE{NOUTtl6u) (SF(K.M.N) .N=l.NF). (SF{K.M.N) .N=ltNF). 

1 (SF(K.M.N).N=l.NF) 
~JRITE(NOUT.17()) 

DO 280 IIG=NB.NE 
J = 3*IIG - 2 

lDX 
lDX 
lOX 
lOX 
lOX 
IDX 
1DX 
lOX 
lOX 
lDX 
IDX 
lDX 
lDX 
lDX 
lDX 
lOX 
IDX 

WRITE(NOUT>l9,,) IIG. (FF(K.J.NltN=ltNF). (FF(K.J+l.N). N=l.NF). lDX 
1 

CONTINUE 
RETURN 
END 

(FF(K.J+2.N) .N=l.NF) lDX 
lDX 
lDX 
lDX 

0949 
0950 
0951 
0952 
0953 
0954 
0955 
0956 
0957 
0958 
0959 
0960 
0961 
0962 
0963 
0964 
0965 
0966 
0967 
0968 
0969 
0970 
0971 
0972 
0973 
0974 
0975 
0976 
0977 
0978 
0979 
0980 
0981 
0982 
0983 
0984 
0985 
0986 
0987 
0988 
0989 
0990 
0991 
0992 
0993 
0994 
0995 
0996 
0997 
0998 
0999 
1000 
1001 
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-ITC FOP RCCHK.RCCHK 
SUBROUTINE RCCHK(M. SR. HOLN. u7. SM. NT. NPFF. FF. NGB. NGE. 

1 JML. JGM. JGM3) 
DIMENSION SRI 9.1). HOLN(l). U7(1). SM( JGMd). NT(l" 

1 NPFF(4tl). FF(4.JGr~3tl). i~GD(l). NGUl) 
INCLUDE ABC 

C THIS SUBROUTINE CHECKS TH~ RUSSIAN DATA FOR CONSISTENCY 
DO 30C IIG = 1.IGM 
TEMP = (SR( 1.IIG) - (SR( 2.IIG) + SRI 4.IIG) +SR( 5.IIG) + 

1 SRI 6.IIG) »)/SR( 1.IIG) 
IF(ABS(TEMP) - .005) 70. 40. 40 

40 ME = ME + 1 
WRITE(NOUT.50) ME. HOLN(M). IIG 

50 FORMAT(/I4.7H CHECK A6.7H GROUP 13) 
70 IF(IIG - 3) 120. 12U. 80 
80 IF(IIG - IGM) 90.120.120 
90 TEMP = (SR( 9,jIG) - (SR( atIIG)*SR( 6.IIG)/U7(IIG))l! 

1 SRI 9.IIG) 
IF(ABS(TEMP) - .03) 120. 100. 100 

100 ME = ME + 1 
WRITE(NOUT.II0) ME. HOLN(M). IIG 

110 FORMAT(/I4.7H CHECK A6.7H GROUP 13.19H SIGMADEL LOOKS BAD) 
120 TEMP = .0 

DO 130 K=l.NXCMR 
13U TEMP = TEMP + SM( IIG.K) 

IF(ABS(TEMP - ~R( 5.IIG) - .005) 300. 140. 140 
140 TEMP = TEMP - SRI 5.IIG) 

,...F = ME + 1 
WRITEINOUTtl5U) ME. HOLN(M). IIG. TEMP 

150 FORMAT(/14.7H CHECK A6.7H GROUP 13.SX.26H PRESUMABLY SIGMAIN.2N) 
1= IPE12.6) 

300 CONTINUE 
IF(NT(M» 310. 310. 320 

310 ITEMPI = NGBIM) 
ITEMP2 = NGEIM) 
GO TO 330 

320 ITEMPI = 3*NGBIM) - 2 
ITEMP2 = 3*NGE(M) 

330 no 505 K=1.4 
NF = NPFF(K.M) 
IFINF) 5u5.505.340 

340 DO 500 N=l.NF 
DO 500 J=ITEMPl.ITEMP2 
IF(N-ll 43U. 430. 37C} 

37u IFIFFIK.J.N) - FF(K.J.N-l) - .UOOUll 430.410. 410 
410 ME = ME + 1 

WRITEINOUT.420) ME. HOLNIM) 
420 FORMATI/14, 7H (HECK .A6,lUH F FACTORS) 
430 IFIFFIK.J.N) - l.uu~vl) 500. 4~0. 480 
480 ME = ME + 1 

WRITEINOUT.49G) ~E. HULN(M) 
490 FORMAT(/14.14H F FACTORS IN .A6.23H ARE GR~ATER THAN UNITY) 
50C (ONT I ~JUE 
505 CONTINUE 

IFINTIM» 900. 9,;0. 510 
510 DO 560 K=1.4 

/\iF = NPFFIK,,") 
IFINF) 560.560.51~ 

515 DO 540 N=l.NF 

IDX 1002 
IDX 1003 
IDX 1004 
IDX 1005 
IDX 1006 
IDX 1007 
IDX 1008 
IDX 1009 
IDX 1010 
IDX 1011 
IDX 1012 
IDX 1013 
IDX 1014 
IDX 1015 
IDX 1016 
IDX 1017 
IDX 1018 
IDX 1019 
IDX 1020 
IDX 1021 
IDX 1022 
IDX 1023 
IDX 1024 
IDX 1025 
IDX 1026 
IDX 1027 
IDX 1028 
IDX 1029 
IDX 1()30 
IDX 1031 
IDX 1032 
IDX 1033 
IDX 1034 
IDX 1035 
IDX 1036 
IDX 1037 
IDX 1038 
IDX 1039 
IDX 1040 
IDX 1041 
IDX 1042 
IDX 1043 
IDX 1044 
IDX 1045 
IDX 1046 
lOX 1047 
IDX 1048 
IDX 1049 
IDX 1050 
IDX 1051 
IDX 1052 
IDX lU53 
IDX 1054 
IDX 1055 
IDX 1056 
IDX 1057 
IDX 1058 
l[lX 1059 
l[)X 1060 



52u 
525 

540 
560 
900 

DO 540 IIG=NB,NE 
j = 3*IIG - 2 
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IF(FF(K,j,N) - FF(K,j+1,N) - .00001) 520, 525, 52~ 

IF(FF(K,j+l,N) - FF(K,j+2,N) - .00001) j4u, 525, 525 
ME = r-1E + 1 
WRITF(NOUr,420) MF, HOLN(M) 
CONTINUE 
CONTINUE 
R~TURN 

END 

lOX 1061 
IDX 1062 
lDX 1063 
IDX 1064 
lOX 1065 
1DX 1066 
lOX 1067 
1DX 1068 
lOX 1069 
lOX 1070 
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-ITC FOR RCSTUP,RCSTUP 
SUBROUTINE kCSTUP(NPFF.NT.FF,TEM.ATE~,JGM3.NGB,NGE.Jl.SR.SM,JGM. 

1 MPUP) 
DIMENSION NPFF(4,1). NT(l), FF(4,JG~3,l). TEM(3.1). ATEM(l). 

1 NGB(ll. NGE(l" JUl). SR(9tl), SM(JG~,.ll. MPUP(l) 
INCLUDE ABC 

C THIS SUBROUTINE COMPUTES F-FACTORS FOR TEMP. DEPENDENT MATERIALS 
C AND PUTS THE CROSS SECTION DATA ON TAPE IN THE PROPER ORDER 

DO 200 J=1.MM01 
IF(Jl(J)) 2uu. 20u. 30 

30 MM = J1(J) 
DO 85 MK=l,ML 
IF(ICARD) 34.36.36 

34 M = MPUP(MK) 
GO TO 38 

36 M = MK 
38 DO 80 K=1.4 

NF = NPFF(K.M) 
IF(NF) 80. 80.40 

40 IF(NT(M)) 50. 50. 60 
50 ITEMPI = NGB(M) 

ITEMP2 = NGE(M) 
GO TO 70 

60 ITEMPI = 3*NGB(M) - 2 
ITEMP2 = 3*NGE(M) 

70 READ(NFF) ((FF(K,JJ.N). N=l.NF). JJ = ITEMPl.lTEMP2) 
80 CONTINUE 

READ(NSR) ((SR(K.IIGlt K=1.9). IIG=l,rGM) 
READ(NSM) ((SM(IIG,Klt K=l.NXCMRlt IIG=l.jGM) 
IF(M-MM) 85. 90, 85 

8e; CONTINUE 
90 Nq = NGB(M) 

NF = NGE(M) 
DO 150 K=1.4 
NF = NPFF(K,M) 
IF(NF) 150. 150, 95 

95 IF(NT(M)) 120.120,98 
98 DO 100 IIG=NB.NE 

JJ = 3* I IG - 2 
DO 100 N=l,NF 
AA FF(K.JJ.N) 
B8 FF(K,JJ+l.N) 
CC FF(K.JJ+2.N) 
I) r) T EM ( 3 .1'-' ) IT EM (1 , M ) 
EE ATEM(J)/TEM(2.M) 
Y = (CC-AA)/ALOG(DD) 

IOU FF(K.IIG.N) = BB + Y*ALOG(EE) 
120 WRITE(NSCRAT) ((FF(K.IIG.N), N=l,NF), IIG=NB.NE) 
150 CONTINUE 

WRITE(N::,CR1) ((SR(KoIIG), K=l.9). IIG=ltlGM) 
WRITE(NSCR2) ((Sf.i(IIG.K), K=l.f'<XC(-1R), IIG=ltIGlvi) 
REWIND NFF 
KEWIf'<D NSR 
REVil ND NS~1 

200 CONTINUE 
RFWIND NSCRAT 
REWIND NSCRI 
REWIW" NSCR2 

C SWITCH TAPE DESIGNATIONS 

lDX 1071 
lDX 1072 
lDX 1073 
IDX 1074 
1DX 1075 
IDX 1076 
lOX 1077 
1DX 1078 
lDX 1079 
1DX 1080 
lDX 1081 
lDX 1082 
lDX 1083 
lUX 1084 
lDX 1085 
lOX 1086 
lDX F187 
lDX 1088 
IDX 1089 
lDX 1090 
lDX 1091 
lDX 1092 
IDX 1093 
lDX 1094 
lDX 1095 
IDX 1096 
lDX 1097 
IDX 1098 
lDX 1099 
lDX 1100 
lDX 1101 
lDX 1102 
lDX 1103 
lDX 1104 
lDX 1105 
lDX 1106 
lOX 1107 
lDX 1108 
lDX 1109 
lDX 1110 
lDX 1111 
lDX 1112 
lDX 1113 
lDX 1114 
lDX 1115 
IDX 1116 
lDX 1117 
IDX 1118 
lDX 1119 
IDX 1120 
lDX 1121 
IDX 1122 
IDX 1123 
lDX 1124 
IDX 1125 
1l)X 1126 
lDX 1127 
lOX 1128 
IDX 1129 

., 

., 
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ITF""P :: NFF lDX 1 BI) 
" ITE~lPl :: NSR lDX 11'11 

I TE'MP 2 = NSM lDX 11'32 
NFF NSCRAT lDX 1133 
NSR = NSCRI lOX 1134 
NSM = NSCR2 lOX 1135 
NSCRAT = ITFMP lOX 1136 
NSCR 1 = ITEMPI lOX 1131 
NSCR2 " ITErv'P2 lDX 1138 
RETURN lOX 1139 
END lOX 1140 

I 



E-26 
-ITC FOR RCCALl.RCCALl 

SUBROUTINt RCCALl(AG.NX~.ll.~R.~F.12.FSS.SIGO.HETC.MRCF.JMT) 
DIMENSION AG(IvlRCF.ll. NXS(ll. 11(1). SR(9ol). MF(l). 12(1). 

1 FSS(4.J~T.l). SIGO(JMT.l). HETC(l) 
INCLUDE ABC 

C THIS SUBROUTINE CALCULATES SIGO 
ITEMP = 0 
DO 6 L=l.NRCF 
IF{HETC(L)) 4.6.4 

4 I TEMP = 1 
GO TO 8 

6 CONTINUE 
8 IF(ITEMP) 9.60.9 
9 ITEMP2 = 0 

DO 50 L=l.NRCF 
DO 10 IIG=l.IG"1 

10 AG(L.IIG) = 0.0 
ITEMPI = ITEMP2 + 2 
ITEMP2 = ITEMP2 + NXS(L) 
DO 50 J=ITEMPl.ITEMP2 
M = Il!J) 
READ(NSR) ((SR{KtlIG). K=1,9). IIG=l.IGM) 
IF(MF(J)) 50. 50. 20 

20 GO TO (30.40). IRED 
30 DO 35 IIG=l.IGM 
35 AG (L • I I G) = AG (L • I I G) + 12 ( J ) * SR ( 1. I I G) 

GO TO 50 
40 DO 45 IIG=l.IG~ 
45 AGILoIIG) = AG{LoIIG) + 12(J)*SR(101IG)*FSS(3.MoIIG) 
50 CONTINUE 

REVIIND NSR 
60 DO 70 M=l.MMT 

DO 70 I IG=l. IGM 
70S I GO ( M ,j I G) = 0.0 

ITEMP2 = J 
DO 180 L=l.NRCF 
I T EM PI = IT E I~ P 2 + 2 
ITEMP2 = ITEMP2 + NXSIL) 
DO 180 J=ITE~Pl.IT~MP2 

M = 11(J) 
READ(N::,R) ((SR(K.IIG). K=1.9). IIG=l.IGIJ,) 

IOU DO 180 JJ=ITEVPl,ITEVP2 
MM- I l{ JJ) 
IF(M-MM) 105. 180. 105 

105 00 170 IIG=l.IG~ 
IFIMF(J)) 140.14J.IIG 

110 IF(MF(JJ)) 120.120.140 
120 GO TO 1130.135). IRFD 
13U SIGO(MfvlolIG) SIGOlj":HoI1G) + 12(J)*Si~(lolIG)/112(JJ)* 

1 (1.+HETC(ll*Al;(LolIG))) 
GO TO 170 

135 SIGOlr-1MoIIG) SIGOIIviiv,olIG) + 12(J)*(FSSI2.1":oIIG)-)<SRI4.IIG) + 
1 FSS(I.MolIG)*SR(201IG) + FSS(4,''101IG)*5RI6olIG) + S;;'(5oIIG))1 
2 1I2(JJ)*(I.+H':TCIL)*I'>.GILtlb))) 

GO TO 170 
l4U GO TO (15u,15S). IREO 
150 ::OIGO(MiVloIIG) SIGU(ivjl-olIG) + I21,,)lfS r,lloIIG)IU(JJ) 

GO TO 170 
155 SIGO(HlvjolIG) SIGO(i'ii·,olIG),.. 12IJP(f-::oS(2.i'.:IGI*::I'(4.JI:;) + 

IDX 1141 
lOX 1142 
lOX 1143 
lDX 1144 
lOX 1145 
IDX 1146 
lOX 1147 
IDX 1148 
lOX 1149 
lDX 1150 
lOX 1151 
lOX 1152 
IDX 1153 
lDX 1154 
1DX 1155 
lDX 1156 
lDX 1157 
lOX 1158 
IDX 1159 
lDX 1160 
1DX 1161 
IDX 1162 
IDX 1163 
1DX 1164 
lDX 1165 
1DX 1166 
lOX 1167 
lOX 1168 
lOX 1169 
lDX 1170 
1DX 11 71 
1DX 1172 
1DX 1173 
lOX 1174 
1DX 1175 
lOX 1176 
lDX 1177 
IDX 11 78 
1DX 1179 
18)( 1180 
IDX 1181 
lDX 1182 
IDX 1183 
lDX 1184 
lDX 1185 
If'X 1186 
:LOX 1187 
:~DX 1188 
:.DX 1189 
iDX 1190 
lDX 1191 
lOX 1192 
l!'x 1193 
lL:X 119':" 
1DX 1195 
1DX 1196 
lDX 1~97 

lSX 1198 
l:::X 1199 

• 
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1 FSS(l.l'IlfIIG)*SR(2o!IG) + FSS(4.HtlIG)-:fSR(6o!IG) + SR(5tlIG))/ 
2 12 (JJ) 

170 CONTINUE 
180 CONTINUE 

IRED = 2 
REWIND NSR 
RETURN 
END 

lDX 1200 
lDX 12n1 
lDX 1202 
lDX 1203 
lDX 1204 
lDX 1205 
lDX 1206 
lDX 1207 
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-ITC FOR RCCAL2.RCCAL2 
SUBROUTINE RCCAL2(NXS.Il.Jl.NG8.~GE.NPFF.Ff.SIGO.SF.FSS.JGM3.JMT. 

1 JML.HOLN.I2) 
DIMENSION NXS(l). Il(ll. JUl). NG8(llo NGE(ll. NPFF(4tl). 

1 FF(4.JGM3tl). SIGO(JI\Htl). SF(4.JHLtllt FSS(4.JlvTtl), 
2 HOLN(1).12(1) 

INCLUDE ABC 
C THIS SUBROUTINE CALCULATES F FACTORS 

ITEMP2 = u 
DO 400 L=l,NRCF 
ITEMPI = ITEMP2 + 2 
ITEMP2 = ITEMP2 + NXS(L) 
DO 400 J=ITEMPl,ITEMP2 
M = Il!J) 
ITEMP = JUJ) 
NR = NGB(ITEMP) 
NE = NGE( lTEMP) 
DO 300 K=1.4 
DOlO IIG=lfIGM 

10 FSS(K.M.IIG)= 1.0 
NF = NPFF(K.ITEMP) 
IF(NF) 300. 30U. 20 

20 READ(NFF) ((FF(KtlIG.N). N=l.NF). IIG=NB,NE) 
IF(12(J)) 25. 300. 25 

25 DO 250 IIG=NB.NE 
IF(SIGO(M.IIG) - 9.99E6) 30. 30, 250 

30 IF(SIGO(MtlIG) - SF(KtiTEMPtl)) 60.40.40 
40 AA 1.0 

BB FF(KtlIGtl) 
CC 1.OE7 
DD SF(K.ITEMP.l) 
GO TO 230 

60 DO 80 NN=2.NF 
N = NN 
IF{SIGO(M,IIG) - SF(KtlTG1P.N)) 80.80.100 

80 CONTINUE 
FSS(K.MtlIG) = FF(Ktll",.Nr) 
GO TO 25() 

100 AA FF(KtlIG.N-l) 
88 = FF(KtlIG.N) 
CC = SF(K.ITEMP.N-l) 
IF(N-NF) 160. 120. 120 

12U IF {SF (K,j TEI\1P .NF) - .UOU II 13u. 130. 160 
13U DD = .0001 

GO TO 230 
16U DD = SF{K.ITEMP.N) 
23v FSS(K.M.IIG) = AA + (bb-AA)*(ALOG(SIGO(M,IIG)/CC)/ALOG(DD/CC)) 
250 CONTINUE:. 
300 CONTINUE 

IF(NSIGO-5) 4C0t31Ut3P 
310 IF(NPRT - 1) 400.40Q.32C 
320 vJRIT::(NOUTt33L1) HOLN(ITF~~P). M. (IIG. SIGC(~,I.!lr;). 

1 (FSSU;,i'ltIIG). K=1.4). IIG=lt1G;'il 
33U FORMAT(///23H1SHI~LJI~G FACTORS FOR A6.10n. MATERI~LI1.// 

1 84H GROUP SIGO FF FC 
2 FT FE / (15. f'17.~" Fl~',.". ?Fl'C.")) 

400 CONTINUE 
REWIND NFF 
RnURN 

END 

IDX 1208 
IDX 1209 
lDX 1210 
IDX 1211 
IDX 1212 
IDX 1213 
IDX 1214 
IDX 1215 
IDX 1216 
IDX 1217 
IDX 1218 
lDX 1219 
lDX 1220 
IDX 1221 
IDX 1222 
IDX 1223 
IDX 1224 
IDX 1225 
IDX 1226 
IDX 1227 
IDX 1228 
IDX 1229 
IDX 1230 
IDX 1231 
IDX 1232 
IDX 1233 
IDX 1234 
IDX 1235 
IDX 1236 
IDX 1237 
IDX 1236 
IDX 1239 
lDX 1240 
IDX 1241 
IDX 1242 
IDX 1243 
IDX 1244 
IDX 1245 
IDX 1246 
IDX 1247 
IDX 1248 
IDX 1249 
1DX 1250 
IDX 1251 
IDX 1252 
IDX 1253 
IDX 1<:54 
luX 1255 
IDX 1256 
IDX 1257 
lOX 1258 
l')X 1259 
lDX 1260 
lDX 1261 
lDX 1262 
lrX 1263 
.lUX 1264 
.l~X 1265 
'~DY i 2~6 

Ii'x 1267 

'I 

01 

.. 
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-ITC FOR RCCSS.RCCSS IDX 1268 

SUBROUTINE RCC~SIZN.NXJ.ll.SR.~M.C.FSS.u7,PHI.JGM.JTL.JMT.JZM) IDX 1269 
DllYiENSIUN li',Il). j,XSIl). 11(11. SR(9ol). 'sIYi(JGi'itl). c(JTL.JGi'i.l)olDX 1270 

1 F~S(4"JMTol). U7(l). PHIIJZMol) IDX 1271 
INCLUDE ABC IDX 1272 

C THIS SU8ROUTI~E CALCULATES RESU~ANCE SHIELuED CROSS SECTIONS lOX 1273 
LAP = .0 lOX 1274 
LAPP = .0 IDX 1275 
LAR .0 IDX 1276 
ALA .0 IDX 1277 
P02 0 IDX 1278 
CVT 0 IDX 1279 
CNT 0 IDX 1280 
IF(R02) 20.20.5 IDX 1281 

5 DO 10 I IG=l. IGM lDX 1282 
10 READ(NCRl) ((C(LtlIG.M). L=ltlTl). M=l.MT) IDX 1283 

RFWIND NCRI IDX 1284 
20 !TEMP 2 = n IDX 1285 

DO 400 L=l.NRCF 1DX 1286 
KZ = ZN(L) lDX 1287 
I TEMP 1 = I TEMP2 + 2 IDX 1288 
ITEMP2 = ITE(V;P2 + NXS(LJ lOX 1289 
00 400 J=ITEMPl.ITEMP2 IDX 1290 
M = Il(J) IDX 1291 
READ(NSR) ((SR(KtlIG). K=1.9), IIG=ltlGM) lOX 1292 
READ(NSM) ((SrvdIIG.K), K=l.NXCMRJ. IIG=loIGM) IDX 1293 
UO = 0.0 lOX 1294 
DO 400 I I G= 1. IGM 1DX 1295 
TEMP = 0.0 IDX 1296 
DO 30 K=l.NXCMR 1DX 1297 

30 TEMP = TErv,P + S,"1 (I I G .K) 1DX 1298 
IF(R02) 40. 4C). 140 IDX 1299 

40 C(l.IIG.M) FSS(1.M.IIG)*SR(2.IIG) IDX 1300 
((2.IIG.M) C(ltlIG.M) + FSS(2.MolIG)*SR(4tlIGJ - IDX 1301 

1 (TEMP - SR(StlIG)) lOX 1302 
CI3.IIG.M) SR(3.IIG)*Cll.IIG.M) IDX 1303 
C(4.IIG.r",) IFSSI3.i'hIIG)*SR(ltlIG) - C(2'IIG.,'-1) - TEMP) IDX 1304 

1 *11. - SR(7.IIG)) + CIZ.IIG.M) + TEMP IDX 1305 
CI5tlIG.M) CI4tlIG.r"i) - C(2tlIG.M) - TEHP + SHIIIG.l) IDX 1306 

1 - FSSI4.M.IIG)*SRI9.IIG) IDX 1307 
IFIIIG - 1) 50.5".6::; lOX 1308 

50 C(6tlIG.M) = .0 IDX 1309 
GO TO 80 IDX 1310 

6u CI6.IIG.N) = FSS(4.~.IIG-l)*SR(9.IIG-l) + SN(IIG-l,2) IDX 1311 
80 DO IOU Ki<-=7olTL IDX 1312 

K = KK-5 1DX 1313 
C(KKtlIG.M) = V.v lOX 1314 
JJG = IIG - K IDX 1315 
IF(JJG) IOL. IGJ. 9G IDX 1316 

90 C(KKtlIG.M) = SM(JJG.K+l) IDX 1317 
100 CONTINUE IDX 1318 

GO TO 400 IDX 1319 
C ITERATE ON ELASTIC DCWNSCATTERING CROSS SECTION 1DX 1320 
140 IF(IIG - IGlvi) 150.145.145 IDX 1321 
145 scep = SCD IDX 1322 

SCD = 0.0 IDX 1323 
GO TO 210 1DX 1324 

150 UO UO + U7IIIG) 1DX 1325 
U1 = [JO - .5*U7(IIG) 1DX 1326 

, 



200 

205 

2lU 

400 

U2 = UO + .5*U7(IIG+ll 
UX = UO - .66*SR(8,IIGI 
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TEMPI PHI(KZ,IIG+ll*1J7(IIGI/(PHI(KZ.IIGI*U7(IIG+111 
TEMP2 (UX - Ull/(U2 - Ul1 
TEMP3 = SR(8.IIGI*FSS(4.M.IIGI*SR(6.IIGI 
TEMP4 = SR(e.IIG+11*FSS(4.M.IIG+11*SR(6.11~+11 
SCDP = SCD 
SCD = (TEMP3 + TEMP2*(TEMP4*TEMPI - TEMP311/U7(IIGI 
IF(IIG - 1) 205,205.210 
SCD = SR(9,IIGI*FSS(4,M,IIGI 
GO TO 400 
C(6tlIG.MI SCDP + SM(IIG-l,21 
C(5tlIG.MI C(4.rIG.~1l - C(2tlIG,MI - TEMP + SM(IIG,ll - SCD 
CONTINUE 
REWIND NSR 
REWIND NSM 
RFTURN 
END 

:,DX 1327 
:.DX 1328 
:lDX 1329 
IDX 1330 
IDX 1331 
LDX 1332 
LDX 1333 
LDX 1334 
IDX 1335 
IDX 1336 
IDX 1337 
IDX 1338 
IDX 1339 
IDX 1340 
IDX 1341 
IDX 1342 
1 DX 1343 
IDX 1344 

.. 
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-ITC FOR RECS,RECS 

SUBROUTINE RECS (C,JTL,JGM,JMT'AT~,HOLN) 
INCLUDE AbC 
DIMENSION C(JTL.JGH.JHT), AlI-Hl), HOLN(l) 

C C(ITL,IGM,MT) CROSS SECTION ARRAY--STARTS AT A(LN2) 
DH1ENSION AA( le) 

C READ AND CHECK CROSS SECTIONS, PERFORM ADJOINT REVERSALS IF 
C REQUIRED, AND WRITE CROSS SECTION TAPE 

IF(NRCF) 1,1.160 
1 WRITE(NOUT.5) (ID(I).I=l.l1) 
5 FORMAT{lHl.11A6.///) 

WRlTE(NOUTtlO) 
10 FORMAT{45H THE FOLLOWING NUCLIDES ARE IN THE DTF FORMAT/) 

DO 50 I=l,ML 
READ{NINP,20) HOLN{I). ATW(I). (AA(J). J=lo1O) 

20 FORMAT(A6. E6.2. 10A6) 
IF{rCARD) 25.25.30 

25 RFAD(15) «C{LtlIGtl). L=l.ITLl. IIG=ltIGM) 
GO TO 50 

30 D035 IIG=1.rG~1 
35 READ(NINP.4 G ) (C(L.IIG,I), L=l,ITL) 
40 FORMAT(6E12.5) 
50 WRITE(NOUT, 60) I, HOLN{I). (AA(J). J=2tlO) 
60 FORMAT(13, 6X, A6. 6X, 10A6) 
C CHECK ON CROSS SECTION CONSISTENCY AND ORDER 

ITEMP = 0 
DO 140 J=l.ML 
DO 140 l=ltlGM 
G = C(2.ItJ) + C{5tl.J) 
DO 110 K = 1. NXCM 
KK = I + K 
M = 5 + K 
IF(KK - IGM) 100, 100. 110 

100 G = G + C(~,KK.J) 
110 CONT I NUE 

IFIABSIIG - CI4t!tJ))/C{4,j.J)) - .01) 135, 120, 120 
120 ITEMP = 1 
13U FORMAT(lH /.16H CHECK MATERIAL 12.5X. 7H GROUP 12) 
135 IFIABSIIG - C(4tItJ»)/C(4,rtJ)) - .OOOll 140. 13b, 138 
138 WRITE(NOUT.13~) J. I 
140 CONTINUE 

IF (ITEMPl 160.16~.150 

150 CALL EXIT 
C A02=O/1=FLUX CALCULATION/ADJOiNT CALCULATIUN 
16U IF(A02) 17u. 28~. 17~ 

170 DO 190 IIG=l.IGM 
IGBAR=IGM-IIG+l 
DO 18 U M= 1 "Y, T 
DO 180 L = 1,IHS 
TEMP=CIL,IIG,r"il 
C{L,IIG.~)=CIL,IGBAR.M) 

180 C{L,IG8AR.M)=TE~P 

IF (IGoAR - IIG -1) 2'Jv, 200. 19C' 
190 COf'HINIJE 
200 (f)N T I ~'U" 

KK = ITL - IriS 
IF IKK) 280. 28C. 210 

210 DO 240 ~ = 1.~T 
DO 240 IIG = 1.IGW 

IDX 1345 
lDX 1346 
lDX 1347 
IDX 1348 
IDX 1349 
lDX 1350 
lDX 1351 
lDX 1352 
lDX 1353 
IDX 1354 
IDX 1355 
IDX 1356 
lDX 1357 
lDX 1358 
IDX 1359 
IDX 1360 
IDX 1361 
IDX 1362 
lDX 1363 
IDX 1364 
lDX 1365 
IDX 1366 
IDX 1367 
IDX 1368 
IDX 1369 
IDX 1370 
IDX 1371 
IDX 1372 
lDX 1373 
lDX 1374 
IDX 1375 
lDX 1376 
IDX 1377 
IDX 1378 
IDX 1379 
lDX 1380 
IDX 1381 
IDX 1382 
IDX 1383 
IDX 1384 
IDX 1385 
IDX 1386 
lDX 1387 
lDX 1388 
lDX 1389 
IDX 1390 
IDX 1391 
lDX 1392 
lOX 1393 
IDX 1394 
lOX 1395 
lOX 1396 
lOX 1397 
lOX 1398 
IDX 1399 
lOX 1400 
IDX 1401 
lOX 1402 
lOX 1403 
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IGBAR = IG~ - IIG + 1 IDX 1404 
DO 240 L = 1,KK 1DX 1405 
IF ( L - I I G) 22O, 24O, 240 1DX 1406 

220 I = L + IHS 1DX 1407 
ITEMP = IGBAR + L 1DX 1408 
IF (IIG - ITEMP) 23U, 230, 24u IDX 1409 

230 TEMP = C ( I • IIG, M) IDX 1410 
C(I.JIG,M) = C ( I , I TEMP, M ) 1DX 1411 
C(I.ITEMP.M) = TEMP IDX 1412 

240 CONTINUE lDX 1413 
C WRITE CROSS SECTION TAPE lDX 1414 
280 DO 300 I IG=l, IGM IDX 1415 
300 WRITE(NCR1) ( «((L.rIG.M). L=l.ITLl. M=l.MT) IDX 1416 

REWIND NCR1 lDX 1417 
RETURN l.DX 1418 
END J.DX 1419 
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-ITC FOR INIT,INIT 

SUBROJTINt INIT (K6, K7. 10. 11. 12. I",U. f'/12. NO. RO. Rl. R3. R4. 
1 R5. A0. FO, CU, VO. JTL. JIM. V7. JMT. EB. GAM) 

INCLUDE ABC 
DIMENSION K6(ll. K7(ll. 10(ll. 11Ill. 12(1)0 RO(ll. RUll, 

1 R3(l). R4(ll. R5(1), AO(l). CO(JTL.JMT). 
2 Vu(ll. iV\u(l). M2(l)o NO(Jltv'loll. FO(ll. V7(ll. EB(8ollo 
3 GAM(l) 

C PERFORM AUJUINT REVERSALS ON V7 AND K7 
IF(A02) 10. 40. 10 

10 IF(P02) 40. 20. 40 
20 IF(R02) 25.25.40 
25 IIG=l 

IGBAR=IGM 
30 TEMP=K7(IIG) 

C 

K 7 I I I G) = K7 ( I GBAR) 
K71IGBAR)=TEMP 
TEMP=V7(IIG) 
V711IG)=V7(IGBAR) 
V7(IGBAR)=TEMP 
IIG=IIG+l 
IGBAR=IGBAR-l 
IF(IIG-IGbAR) 30. 40. 40 

C MIX CROSS SECTIONS 
40 B07=1 

IF(P02) 50. 60. 50 
50 GO TO (43u.43G,12U,43U.320). 104 
60 IF(MOll 90. 90. 70 
70 IFIR02) 75.75.90 
75 WRITE(NOUT. 80) IJ. IvIJ). 11(J). I2IJ), J = 1. MOl) 
80 FORMATI28HIMIXTURE SPECIFICATIONS II 

1 3X. 16H ~IXTURE NUMBER .18H MIX COMMAND 
124H MATERIAL DENSITY 11(14.1X.18.8X,18.8X.E20.8» 

90 IF(NPRT) 120. 12u. luO 
lOU IF(NRED) 105,105.120 
105 KPAGE = 100 

WRITE(NOUTtl10) 
110 FORMAT(24HISHIELDED CROSS SECTIONS) 
120 RFWIND NCRl 

DO 310 IIG=1.1GM 
Rt:AD INCR1) «C,;(l,J)ol=lolTL),J=l,MT) 
IF(M01) 130. 240. l30 

130 DO 230 M=l,MOl 
IFIIO(M)-MT) 150. 15u. 140 

140 CALL ERR02(6H INIT.140.1) 
150 IFlIl(M)-MT) 160. 160. 14u 
160 N=IO(~1) 

L= 11 (M) 

E01=I2IM) 
IFIL) 2uO. 20u. 17u 

170 IF(EOll 2ULJ. 180, 20U 
18u IF (N-L) 2u0. 19,,'. 2ed.! 

190 EOI = EV 
L = 0 

200 DO 230 I=l.ITL 
IF (L) 21u, 22u. 21" 

210 CO(I.N)=cu(I.N)+CO(I.L)*EJl 
Gn TO 230 

IDX 1420 
IDX 1421 
IDX 1422 
IDX 1423 
lOX 1424 
IDX 1425 
lOX 1426 
IDX 1427 
IDX 1428 
IDX 1429 
IDX 1430 
IDX 1431 
IDX 1432 
IDX 1433 
IDX 1434 
lOX 1435 
1DX 1436 
lOX 1437 
1DX 1438 
1DX 1439 
lOX 1440 
1DX 1441 
IDX 1442 
1DX 1443 
IDX 1444 
IDX 1445 
IDX 1446 
IDX 1447 
1DX 1448 
1DX 1449 
IDX 1450 
IDX 1451 
IDX 1452 
IDX 1453 
IDX 1454 
1DX 1455 
1DX 1456 
IDX 1457 
IDX 1458 
IDX 1459 
IDX 1460 
1DX 1461 
IDX 1462 
IDX 1463 
IDX 1464 
lOX 1465 
IDX 1466 
IDX 1467 
IDX 1468 
IDX 1469 
IDX 1470 
lOX 1471 
IDX 1472 
IDX 1473 
lC)X 147/+ 
IDX 1475 
IDX 1476 
IDX 1477 
I n X 1478 



220 CO(I.N)=CU(I.N)*EOI 
230 CONTINUE 
240 IF(P02) 300. 250. 300 
250 IF(NPRT) 300. ,00. 260 
260 IF(NRED) 265.265.~OO 

265 WRITE (NOUT. 270) IIG 
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27U FORMAT(6HuGROUP,I3. ~4H SIGF SIGA NUSIGF 
1 GXG G-IXG G-2XG ••• ) 

DO 280 N=l.MT 
28U WRITE (NOUT, 290) N,(CO(I,N).I=l.ITL) 
290 FORMAT(4H MAT.I3.10Ell.5/(7X,10Ell.5)) 
30U wRITE (NSCRAT) «Cv(I,J)oI=l,ITLl,J=l.i>1T) 
:'11 0 CONT I NUE 

REWIND NCRI 
RfWIND NSCRAT 

C SWITCH TAPF ~FSIGNATIONS 

ITEMP=NSCRAT 
NSCRAT=NCRI 
NCRl=ITEMP 

320 IF(I04-5) 330, 350, 330 
330 IF(BUCK) 340. 430, 340 
340 T~MP = BUCK 

GO TO 380 
350 IF(P02) 360. 360. 370 
360 RUCK O. 
370 TEMP = EV - BUCK 

BUCK = EV 
380 DO 420 IIG=l.IGM 

READINCRl) (ICOlltJ). l=lo1TLltJ=l.MT) 
DO 410 MTZ = 1.MT 
DO 400 KZ=l.IZM 
IF(M2IKZ) - MTZ) 40u, 390, 400 

390 TEMPI = ITEi~P*GAMIKL))/(3.*COI4,MTZ)) 

CO(Z.MTZ) CUI2.MTZ) + TEMPI 
COI5.MTZ) = CUI5.MTZ) - TEMPI 

400 
410 

420 

C 

C 
C 
430 
440 
445 
450 
460 
470 

48u 
C 
C 
490 

GO TO 410 
CONTINUE 
CONTINUE 
wRITEINSCRAT) IIC"II.J). I=l.ITLl.J=l.MT) 
CONTINUE 
RFWIND NCRI 
REWIND NSCRAT 
SWITCH TAPE DESIGNATION~ 

ITEMP = NSCRAT 
NSCRAT = NCRI 
NCRI = ITFMP 

MODIFY GEOMFTRY 
IF(P021 460. 440. 4611 
lFIR021 445. 445. 621) 
DO 45 0 I = 1 • I P 
RIIII=RO(I) 
IF(I04-41 4Qn. 47J. 490 
DO 48 C I = 1 , I ,.1 
K=MO ( I) 
Rl(I+ll=R1II)+II~v(i+11-Ruljl)'kI1.l,+ t.v*R"I,,11 

CALCULATE ARFAS ANU VOLU~ES 

PI2=6.28318 

lDX 1479 
lDX 1480 
lDX 1481 
IDX 1482 
IDX 1483 
:tOX 1484 

SlGTR .LOX 1485 
IDX 1486 
lDX 1487 
lDX 1488 
lDX 1489 
lDX 1490 
lDX 1491 
IDX 1492 
IDX 1493 
IDX 1494 
IDX 1495 
IDX 1496 
IDX 1'+97 
IDX 1498 
IDX 1499 
IDX 1500 
IDX 1501 
lDX 1502 
IDX 1503 
lDX 1504 
IDX 1505 
lDX 1506 
IDX 1507 
IDX 1508 
IDX 1509 
IDX 1510 
lDX 1511 
lDX D12 
IDx 1513 
IDX 1514 
lDX 1515 
IDX 1516 
lDX 1517 
lDX 1518 
lDX 1519 
lDX 1520 
lDX 1521 
IDX 1522 
lDX 1523 
lDX 1524 
lDX 152'1 
IDX 1~26 

lDX 1527 
lCX 1528 
l,lX 152'-) 
lDX J~30 

lDX 1531 
lDX 1532 
lDX l533 
lOX lS3'+
lDX 1535 
]ix l~% 

FiX l5?·7 



·f 

500 
510 

520 
530 
540 

550 

560 

570 
C 
C 
620 
640 

650 

660 
670 
680 
C 
C 

690 

700 

710 
720 

IF(P02) 5uO, 510. 500 
IF(I04 - 4) 620, 510, 620 
DO 5 7 0 I = 1, I M 
R 4 ( I I = ( R 11 1+1 ) + R lt I ) 1*0.5 
R 5 ( I I = R 1 ( I + 1 J -R 1 ( I I 
IF( R5( I J ) 520. 520. 530 
CALL ERR02 (6H I NIT. 520.1) 
GO TO (540,550.560) tlGEP 
AO(lI=1.0 
AO(IPI=1.0 
VO ( I I = R 5 ( I ) 
GO TO 570 
AQ(II=PI2*R1II) 
AO( IP)=PI2*Rl( IPI 
VO ( I I = PI 2*R5 ( I) *R4 ( I ) 
GO TO 570 
AD( I) = 2.*PI2*Rl( I I*RlI I) 
AO(IP} = 2.*PI2*R1(IPI*R1I1PI 
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VOII) = 12.v*PI2*(Rl(l+1)**3 - Rl(l)**31113.0 
CONTINUE 

CALCULATE EFFECTIVE FISSION SPECTRUM 
IFIP02) 6S0. 640. 680 
SK7=0. 
DO 670 I IG=l. IGM 
IF(S02-1} 66Q, 650, 660 
K6(IIG)=K7(IIG)/S03 
GO TO 670 
Kf,( I IG)=I(7( IIG) 
SK7=SK7+K7(IIG) 
CONTI NUE 

CALCULATE FISSION RATE 
TIl '" EBl1t1GP) 
CALL CLEARIU.O,FO,IM) 
DO 720 I IG=l, IGM 
EB(8tlIG} = .0 
READ (NCR1) «CO(hJltI=1,ITL)'J=1,MTI 
DO 7 2 0 I == 1. I [\I, 
ITEMP=MO(I) 
ITEMP=M2IITEMP} 
EBIS.IIG) == EB(S.IIG) + VOIII*NVII,IIGI*COI1.ITEMP) 
IFIA02) 700, 710, ?C'O 
F 0 I I ) '" F 0 I I ) + K 7 I I I G ) *Nu ( It I I G) 
GO TO 720 
FOIII=F0II)+CO(IHT-1,ITEMP)*NU(I.IIG) 
CONTI NUE 
RI'"WIND NCRI 
RE'TURN 
END 
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-ITC FOR FISCAL.FISCAL 1DX 1588 
SUBROUTINE FISCAL (NO. FO. va. CO. K6. MU. M2. JTL.JMT.JI~. EB) 1DX 1589 
INCLUDE ABC 1DX 1590 
DIMENSION FU(l). VU(l). cu(JTL.JMT).K6(1). iVIO(l). 1";2(1). NO(.)I,,':t1)lDX 1591 

1 • EB(8t1) lDX 1592 
LAR = ALA 1DX 1593 

C FISSION SUMS lDX 1594 
IF(B07) 90.90010 IDX 1595 

10 IF(A02) 20. 40 •. 20 IDX 1596 
20 DO 30 IIG=ltlGM lDX 1597 

READ (NCRl) ((CI.J(ltJ)tl=l,jTL).J=l.MT) IDX 1598 
EB(l.IIG) = .0 IDX 1599 
DO 30 l=lt!M lDX 1600 
ITEMP=MO(I) lDX 1601 
ITEMP=M2(ITEMP) lDX 1602 

30 EB(lt!IG) = EB(l,jIG) + C0(IHT-1.lTEMP)*FOII)*VO(I) :.DX 1603 
REWIND NCR1 lDX 1604 
GO TO 70 ~DX 1605 

40 E01=0. :.DX 1606 
DO 50 l=l.IM :DX 1607 

50 E01=E01+VU(I)*FU(I) IDX 1608 
D060 IIG=lt!GM IDX1609 

60 EB(l,rIG) K6(IIG)*EOI IDX 1610 
70 ER(l.IGP) = .0 :lDX 1611 

ER(8,rGP) = .0 lDX 1612 
DO 80 I IG=l. IGM lDX 1613 
EB(8t1GP) = EB(8t!GP) + ICB(8tlIG) lDX 1614 

80 EB(ltlGP) = EB(ltlGP) + EB(l,rIG) lDX 1615 
C CALCULATE LAMBDA IDX 1616 

IF(B07) 140. 9C. 14C 1DX 1617 
90 ALA = EBlltlGP)/T11 1DX 1618 

T~MP=1.0/ALA IDX 1619 
IF(I04-1) 14C. 100. 140 1DX 1620 

100 DO 110 IIG=lt1GM 1DX 1621 
EBIl,JIG) = EB(ltlIG)*TEMP IDX 1622 

110 K6(IIG)=K6(IIG)*TEMP 1DX 1623 
E!",(lt1GP) = EB(l.JGP)*TEMP IDX 1624 
IF(A02) 120. 14-'. 12l! 1DX 1625 

120 DO 130 1=1 • 1M 1 D X 1626 
130 FO(I)=FO(I)*TEi'-1P IDX 1627 
C lDX 1628 
C NORMALlZATIor: 1DX 1629 
140 607,=0 1DX 1630 
15u IF(SOll 16u. 22C. 17u IDX 1631 
16u EOI = AbS(Sv1)/(~d(8.IGP)*TSD) lDX 1632 

GO TO 180 IDX 1633 
170 E01 = SOllEB(l,]GP) lDX 1634 
180 DO 190 I I G = 1 , I G P 1 D X 1635 
190 ER(ltIIG) = EC1*EB(1.IIC,) lDX 1636 

DO 200 I=l.IM lDX 1637 
200 FO(I)=EtJ1*FU(I) IDX 1638 
220 RETURN lDX 1639 

END lDX 1640 
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-ITC FOR MONPR.MONPR IDX 1641 
SUBROUTINE MONPR IDX 1642 
INCLUIJE ABC IDX 1643 

(" MONITOR PRINT 1DX 1644 
CALL ETIMEF(TI) 1DX 1645 
T I = TI!60. IDX 1646 
KPAGE = KPAGE + IDX 1647 
IF(KPAGE - 40) 40. 10. 10 IDX 1648 

10 KPAGE = 0 IDX 1649 
WRITE(NOUT.20 ) (ID(I)' 1=1.11) IDX 1650 

20 FORMAT(lHl.11A6//) IDX 1651 
WRlTE(NOUT. 30 ) IDX 1652 

30 FORMAT(5Xtl17H TIME SIGE OUTERIDX 1653 
1 EIGENVALUE EIGENVALUE LAMBDA IlDX 1654 
2 5X. 73H (MINUTES) r T ERA TI ONS ITERATIIDX 1655 
30NS SLOPE /) IDX 1656 

40 WRI TE (NOUT. 50) T I • R02. NP02, ECh EV, ALA 1DX 1657 
50 FORMAT(F17.2, 118. I2(), E26.8, 2E20.8) IDX 1658 
60 P02=P02+1 IDX 1659 

NP02 = NP02 + 1 lDX 1660 
IF(NP02-100) 80. 80, 70 IDX 1661 

70 NGOTO = 1 IDX 1662 
NRED = 0 IDX 1663 
G() TO 90 IDX 1664 

80 NGOTO = 4 IDX 1665 
90 RETURN IDX 1666 

END IDX 1667 
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-ITC FOR OUTER.OUTER lDX 1668 
SUBROUTINE OUTERI AD. CO, FO, K6, MO, M2, NO, N2, S2, VO, V7, F2, lDX 1669 

1 JTL.JMT,CXS.JIM. R5. R4. HA. PAt E5.JIP.JIGM) lDX 1670 
DIMENSION AUlllt FOlllt K61l), I"iOll), "'12(1), NOIJH1tllt N2IJI(>1,l).1.DX 1671 

1 S2(1), VOIl). V7(1). F211lt COIJTL,Ji'1T), rlAIl), PA(ll. 1.DX 1672 
2 CXS(JIP.JIGM.lltR511lt R4(1), ~Bltlt1) l.DX 1673 .. 

INTEGER GBAR. PBAR. SBAR J.DX 1674 
INCLUDE ABC lDX 1675 
IGV=l IDX 1676 

C SOURCE CALCULATION IDX 1677 
20 READINCRll IICUIl,MJtl=l.ITL),M=l,MT) lDX 1678 

DO 30 1=1,J~ IDX 1679 
30 S2 I I) =0. lDX 1680 
40 l101A02) 70. 50, 70 lDX 1681 
50 DO 60 I = 1 , 1M 1 D X 1682 
60 S2(1)=S211)+K61IGV)*FOII) IDX 1683 

GO TO 90 lDX 1684 
70 DO 80 1=1 • I MID X 1685 

ITEMPl=MOII) lDX 1686 
I TEMP 1=M2 I I TEMPI) IDX 1687 

80 S2(1)=S211)+COIIHT-1.ITEMPll*FOII) 1DX 1688 
90 GBAR=IGV+IHS-ITL IDX 1689 

IFIGBAR-ll 100. 110, 110 IDX 1690 
100 GBAR=l 1DX 1691 
110 PBAR = IHS + IGV - 1 IDX 1692 

IFIPBAR - Ill) 115. 115. 112 1DX 1693 
112 PBAR = ITL IDX 1694 
11 5 I FIG BAR - I G V ) 12 0, 14l1 , 140 1 D X 1 695 
120 DO 130 1=1 , 1M 1 D X 1696 

ITEMPl=MO(I) IDX 1697 
ITEMP1=M2( ITE"'Pl) 1DX 1698 
ITEMP=ITEMPI IDX 1699 
TEMP=CU(PBAR,ITEMP) 1DX 1700 

13U S2 (I) =S2 ( I ) +N2 (I ,G3AR) *TEMP 1DX 1701 
140 G8AR=GBAR+l 1DX 1702 

PBAR=PBAR-l IDX 1703 
IF(G8AR - IGV) 120. 14U, 150 1DX 1704 

150 IF(IGV - IGM) 170.160,170 IDX 1705 
160 REWIND NCRI 1DX 1706 
170 VII = o. 1DX 1707 

DI) 180 1=1 , I ~ 1 D X 1708 
;:,2(1)=S2II)*VUII) IDX 1709 

18U Vll=vll+S2(1) IDX 1710 
EBI2,IGV) = VII - ESIl,IGV) IDX 1711 

C SOURCE ALPHA IDX 1712 
190 IFII04 - 2) 2(jO, 230, 20(1 IDX 1713 
200 IFIS02 - 2) 220, 21o, 220 IDX 1714 
21u T7 = SU3/V711GV) IDX 1715 

GO TO 240 IDX 1716 
220 T7 = 0.0 IDX 1717 

GO TO 260 IDX 1718 
230 T7 = EV/V7(IGVI IDX 1719 
240 DO 250 K = 1, rZM IDX 1720 

ITEMPI = M2(K) IDX 1721 
250 COIIHS, ITEMPl) = COIIHS,ITEMP1) - T7 IDX 1722 
260 CONT I NUE IDX 1723 
C GROUP FLUX CALCULATION lOX 1724 
270 IFIV111 280,3,)0,28(; 1DX 1725 
28U IFIP02 - 11 284, 284, 262 luX 1726 
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IF(104-1) 284.286.284 
CALL INNERl(Mu.M2.CXS.V~.CO.AO.R5.R4.JIM.JTL.JIP.JIGM) 
CALL INNER(Nu.N2.CXS.S2.HA.PA.JIP.JIGM.JTL.JIM.EB.CO.VO.MO.M2) 
DO 290 K = 1.llM 
ITEMPI = M2(KI 
CO(IHStlTEMPl) = Cu(lhS.ITEMPl) + T7 
GO TO 320 
DO 310 l=l.IM 
N2(1.IGV) = .0 
NO(I.IGVI = .0 
CALCULATE FISSION RATE AND FISSION SOURCE RATE 
IF(Vll) 330. 380. 330 
IF(A02) 340. 360. 340 
EB ( 8 • I GV) = .0 
DO 35 0 I = 1 • I M 
ITEMPl=MO( I) 
ITEMPl=M2( !TEMPI) 
EB(8.IGV) = EB(8.IGV) + CO(1.ITEMP1)*N2(I,IGV)*VO(I) 
F2(1)=F2(1)+K6(IGV)*N2(1.IGV) 
GO TO 380 
EB(8.IGV) = .0 
DO 37 0 I = 1 • I M 
ITEMP1=MO( I) 
ITEMP1=M2(ITEMP1) 
EB(S.IGV) = EB(8.IGV) + CO(1.ITEMP1)*N2(I.IGV)*VO(I) 
F 2 ( I ) = F 2 ( I ) +C 0 ( I HT -1. !TEMP 1) *N2 ( I tI G V) 
IGV=IGV+1 
IF(IGV-IGM) 20. 20. 390 
TIl = EB(lt1GP) 
REWIND NCRI 

OVER-RELAX FISSION SOURCE 
E01 = .0 
E02 = .0 
EB(lt1GP) =.0 
IF(A02) 520. 580. 520 
FOR ADJOINT CALCULATION. 52(1) WILL STORE ORFED F2(1) 
DO 522 l=l.IM 
S 2 ( I) = F v ( I) + OR F * ( F 2 ( 1) - F 0 ( 1 ) ) 
Dn 54n IIG=l.TGM 
READ(NCRll ((CO(I.J)t1=l.ITLl. J=l.MT) 
EB(ltIIG) = .0 
DO 530 I = 1 • I M 
!TEMP = ~O( I) 
ITEMP = M2(ITEMPJ 
EB(l.IIG) = EB(l.IIG) + CO(IHT-1.ITEMP)*F2(1)*VO(I) 
E02 = EU2 + Cu(IHT-1.ITEMP)*S2(1)*VO(I) 
EB(l.IGP) = EB(l.IGP) + EB(l.IIG) 
TEMP1 = tB(1.IGP)/E02 
DO "5 0 ] = 1 • I M 
FO(]) = TEMP1*S2(IJ 
REWIND NCRI 
GO TO 620 
DO 590 1=1 • I M 
EOl:: E01 + VO(I)*F2(1) 
F 2 ( ]) = F u ( I) + OR F * ( f- 2 ( I) - r 0 ( I ) ) 
E02 = EU2 + vO(I)*F2(1) 
TFtv',Pl E"01lE02 
DO 600 1=1 • I M 
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600 

610 
620 

64U 

FO(I) = TEMP1*F2(I) 
DO 610 IIG=l.IG~ 
EB(l.IIG) K6(IIG)*EOl 
EB(l,IGP) = .0 
EB(8.IGP) = .0 
DO 640 IIG=l.IGM 
EB(8.IGP) EB(8.IGP) + EB(8,IIG) 
EB(l.IGP) = EB(l,IGP) + EB(ldIG) 
RETURN 
END 
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E-41 
FOR INNERl.INNERl 

SUBROUTINE INNERl(M0.M2.CXS.VO.C0.AO.R5.R4.JI~,JTL,JIP.JIG~) 

DIMENSION MO(l). h2(1). CXS(JIP.JIG~.2), V0(1). CO(JTL.l). 
1 AU(l). R5(1). R4(1l 

INCLUDE ABC 
THIS SUBROUTI~E CALCULATES COtF~ICltNTS FOR Thl FLUX EQUATION 
DO 3 0 I = 1 • I rv, 
ITE"1P = MOl I) 
ITE~P = M21ITEMP) 
ITEMPI = MO(I-l) 
ITEMPI = M2(ITEi~Pl) 

C X S I I d G V • 2) = V v ( I ) * ( C u ( I H T d T E!vi P) - CO ( I H S ,j T E i'i P ) ) 
IF(ITEMP - lTEi~Pl) 2CtlO.20 
CX~(I.IGVd) AO(llI!3.*CO(IHTdTl:ViP)*(R4(1) - R4(1-l))) 
GO TO 30 
CXS(ldGVd) AU(I)*(R5(I-ll + R5(1))/((R4(1) - R4(I-l))* 

1 ("l.*(R5(1-l)*CO(IHTdFMPl) + R5(1)1',(, (IHTtlE~1P)))) 
CONTINUE 
DO 200 l=l.IM 
lTEMP = 1-'10(1) 
ITEMP = M2(ITEMP) 
IF(I-l) 4u. 4v. bv 
IF(801 - 1) 50. 60. 70 
CXS(ldGVd) = A8(1)/(3.*CCJ(IHTdTEMP)*(.5*R5(1) + .711 

1 CO(IHT.lTE.MP))) 
GO TO 200 
CXS(I.IGVd) = .0 
GO TO 200 
ITEMP3 = MO(I"'I) 
ITEMP3 = M2(ITE~P3) 
C X:' ( I • I G V • 1) = 2. * A;" ( I ) 1 ( 3 • * ( f~ 5 ( I r'i ) * C (j ( I H T , I T EM P 3) + 

1 R 5 ( I ) lfe 0 ( I H T • I TE ,'vIP) ) ) 
GO TO 200 
IF(I - Irvl) 200.90.90 
IF(B02 - 1) 100. 110. 120 
CXS(I+lt1GVd) = Av(l+l)/(3.*CU(IHTtiTEMP)*(.5*R5(1) + 

1 .71/CO(IHT.IT~rvPI) I 
GO TO 2uv 
CXS( l+lt1GVd) 
GO Te 200 
CXS( l+ltlGVtl) 
CX;:;(ltlGV.2) 
RETURN 
END 

• c 

CXS(ltlGVtll 
CX~(ItlGV.21 + CX::'(loIGVdl + CXS(I+l,IGVd) 
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-ITC FOR INNER.INNER 
SUBROUTINE INNER(NO.N2.CXS.S2.HA.PA.JIP.JIGM.JTL.JIM.E~.CO. 

1 VO.MO.M2) 
INCLUDE ABC 
DIMENSION N()(JIMd). N2(JIMd). CXS(JIP.JIGMd). S2(1" HA(l). 

1 PA(l" EB(8d). CO(JTLd). VO(l). ~·1O(1l. M2(1) 
IF(P02 - 1) 12. 12. 5 

5 DO 10 l=l.IM 
10 NO(I.IGV) = N2(1.IGV) 
12 1=1 
C FLUX CALCULATION FOR VACUUM AND REFLECTIVE BOUNDARY CONDITIONS 

IF(BOl-l) 15.15.40 
15 HA(I) = CXS(I+ldGVdllCXS(I.IGV.2) 

PA(I) = S2(1 )/CXS(I.IGV.2) 
DO 20 1=2.IM 
HA(I) CXS(I+l.IGV.l)/(CXS( 1.IGV.2) - CXS(I.IGV.l)*HA( 1-1)) 

20 PAIr) = (S2(1) + CXS(ldGVfl)*PA(I-l))/(CXS(ldGV.2) -
1 CXS(I.IGV.l)*HA(I-l)) 

N2(1"'1.JGV) = PA(IM) 
DO 3 0 K I = 2 • I M 
I = !M + 1 - KI 

30 N2(I.IGV) = PA(I) + HA(I)*N2(I+l,IGV) 

GO TO 110 
C FLUX CALCULATION FOR PERIODIC BOUNDARY CONDITIONS 
40 HA(J) = CXS(I+ldGVfl)/CXS(I,IGV.2) 

N2(I.IGV) = CXS(ltIGVflllCXS(ItIGV.2) 
PA(I) = S2(1 )/CXS( 1.IGV.2) 
TiOMPl = N2(ldGV) 
TEMP = HA ( I ) 
TEMP2=PA(I) 
I KB = 1M - 1 
DO 50 1=2.IKB 
HA(I) = CXS(I+ldGVd)/(CXS(ltlGV.2) - CXS(ldGVd)*HA(I-l)) 
N2(ldGV) = CXS(ltlGVd)*N2(I-ldGV)/«(XS(ldGV.2) -

1 CX~(I']GVd)*HA(I-ll) 

PA(I) = (S2( I) + CXS(I.IGV.l)*PA(I-l))/(CX~(I.IGV,2) -
1 CXS(I.IGV.l)*HA(I-l)) 

TEMPI = TEMPI + TE~P*N2(1.IGV) 
TEMP2 = TEMP2 + TEMP*PA(I) 

50 T~MP = TEMP*HA(I) 
I = 1M 
TEMPI = ITEiviPl + Ttl"P)*CX~(l.rGVtl) + CXS(I.IGVtl)*N2(1.-ltIGV) 
f'; 2 ( I d G V) = (S 2 ( I) + C X S ( I • I G V tl ) * P A ( I - 1) + C X .'::'( 1 tI G V 01 PTE /vi P 2 ) I 

1 (eXS(I.IGV.2) - CXS(IdGVtl)*HA(J-l) - TEr"Pl) 
DO 6 0 K 1=2.1<''1 
I = J,~ + 1 - KI 

6U N2(ldGV) = HA(I)*N2(I+l.JGV) + i'<2(ltlGV)*i"2(!;·,dGV) + PA(I) 
110 RETURN 

END 
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-ITC FOR CNNP.CNNP 1DX 1889 
SUbROUTINe: CNNP IF2.K6.EB) 1DX 1890 
DIMENSION F 2 I 1) • K611) • E8(801) 1DX 1891 
INCLUDE" ABC 1DX 1892 

C CONVERGENCE TESTS 1DX 1893 
IF(MAXT) 25. 25. 10 1DX 1894 

10 CALL ET I MEF I TFr~p) 1DX 1895 
IF(TEMP - GLH) 25. 15. 15 1DX 1896 

l'i NGOTO = 1 1DX 1897 
NRED = 0 1DX 1898 
WRlTEINOUT.20) 1DX 1899 

20 FORr'-1ATI53H1 * * RUNNING TIME EXCElDED--FORCED CONVERGENCE * *1/)lDX 1900 
GO TO 135 1DX 1901 

25 E01=1.0-ALA 1DX 1902 
c02=ABSIElJ1) 1DX 1903 

50 IF(EB(lolGP) ) 55.130.55 1DX 1904 
55 IF IE02 - EPS) 60. 60. 7'J 1DX 1905 
60 CVT=l 1DX 1906 
70 CALL CLEAR 10.0. F2. 1M) 1DX 1907 

GO TO 105 1DX 1908 
80 EV=EV+POD1('EQ*EO 1 1DX 1909 

GO TO 170 1DX 1910 
C FINAL PRINT 1DX 1911 
90 NGOTO=l 1DX 1912 

IF I 104 - 1 ) 95. 95. 80 lDX 1913 
95 EV=O.O IDX 1914 

DO 100 I=lo1GM 1DX 1915 
IOu EV=EV+K6II) IDX 1916 

EV=SK7/EV 1DX 1917 
GO TO 135 IDX 1918 

105 IFICVT-l) 110. 90. 110 1DX 1919 
110 IFII04-l) 115. 120. 140 IDX 1920 
C ,"ION I TOR PRINT IDX 1921 
115 NGOTO=2 1DX 1922 

GO TO 135 IDX 1923 
120 EV=O. IDX 1924 

DO 125 I=l,rGr~ IDX 1925 
125 EV=EV+K6II) IDX 1926 

EV=SK7/EV IDX 1927 
GO TO 1 1 'i IDX 1928 

no CALL ERR02(AH CNNPol30ol) IDX 1929 
135 RFTURN 1DX 1930 
140 CONTINUE IDX 1931 
C IDX 1932 
C CALCULATE NEW PARM!I!:. TEr,S FOR SEARCH CALCUL/lT IONS 1DX 1933 
145 EO'1=ABS (ALA-LAR) 1DX 1934 

IF (LAPP) 270. 150. 270 lC'X 1935 
• 150 IF (LAP) 2 3~) • 155. 230 IDX 1936 

155 IF IEQ) 20O. 16O. 20G 1DX 1937 
160 IF (E03-EPSA) 175. 175. 165 IDX 1938 
C ~·,Or-..'I TOR PRINT. 1DX 1939 
165 NGOTO=2 1DX 1940 

RFTURN IDX 1941 
C FINAL PRINT EXIT. 1DX 1942 
170 NGOTO=l lC'X 1943 

RFTU?N IDX 1944 
175 LAP=ALA Inx 1945 

EVP=EV 1DX l'i46 
IF IEOl) 18501850180 IDX 1947 

'. 
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180 EV=EV-EVM 
GO TO 190 

185 EV=EV+EVM 
190 IF (104-2) 195. 165. 195 
C MIX X-SECS. 
195 NGOTO=3 

RETURN 
200 IF (CVT) 170, 205.170 
205 EV=EV+POD*EQ*EOI 
210 IF ((LAPP-l.0)!(LAP-l.0)) 215.190,190 
215 TEMPl=AMINl(EVP,EVPP) 

IF (EV-TEMPl) 220. 225, 225 
220 EV=(EVPP+EVP)/2. 

GO TO 190 
225 TEMPl=AMAXl(EVP.EVPP) 

IF (EV-TEMPl) 19(;.220,220 
230 IF (E03-EPSA) 235, 235, 165 
235 EQ=(EVP-EV)/(LAP-ALA) 
240 IF (CNT! 260, 245. 260 
245 I F (E 02- LA L ) 26 5, 26 5, 2 5 0 
250 IF (E02-LAH) 260, 260. 255 
255 EOl=SIGN (LAH,EOl) 
260 LAPP=LAP 

LAP=ALA 
EVPP=EVP 
EvP=EV 
GO TO 205 

26'5 CNT=l 
LAP=O.O 
LAPP=O.O 
GO TO 205 

270 IF (EC3-EPSA) 275, 275, 165 
C CALCULATE QUADRATIC COEFFICIENTS. 
275 TEMPl=EVP-EV 

TEMP2=EVPP-EV 
TEtvlP3=EVPP-EVP 
TEMP4=TEMPl*(EVP+EV) 
TEMP5=-TEMP2*(EV+EVPP) 
TEMP6=TEMP3*(EVPP+EVP) 
OENOM=TEMP3*TEMP2*TEMPI 
EQA=( (LAPP-l.0)*TEMPl*EVP*EV-(LAP-l.0)*TEMP2 

1 *EV*EVPP+ (.u.LA-l. G) *TEY,P3*EVPP*E VP 1 /DEr.OI'i 
EQB=-(LAPP*TEMP4+LAP*TEMP5+ALA*TEMP61/0ENOM 
EQC=(LAPP*TEMPI-LAP*TEMP2+ALA*TEMP3)/DENOM 
OISCR=EQ~*E0S-4.0*EQA*EOC 
IF (~ISCR) 235, 280, 280 

2 eo r F (E 0 2 - LA L ) 265, 265. 285 
285 TFMPl=tQC+FOC 

TEMP=SORT (OrSeR) 
EO=1.0/(EQB+EV*TEMPl) 
LAPP=LAP 
LAP=ALA 
EVPP=EVP 
EvP= EV 
EVl=(TEMP-E~b)/TEMPl 

EV2=-( Tlr-iP+r:'->ib) / Tc,'IPl 
EVfl.=.u.bS (EV-c.Vl) 
EVB=ABS (EV-tV2) 
IF (EVA-EVB) 290, 290. 2.JC, 

lOX 1948 
lOX 1949 
lOX 1950 
IDX 1951 
LDX 1952 
lOX 1953 
lOX 1954 
lOX 1955 
IDX 1956 
lOX 1957 
lOX 1958 
lOX 1959 
lOX 1960 
IDX 1961 
lOX 1962 
lOX 1963 
lOX 1964 
lOX 1965 
lOX 1966 
lOX 1967 
lOX 1968 
lOX 1969 
lOX 1970 
lOX 1971 
lOX 1972 
lOX 1973 
lOX 1974 
lOX 1975 
lOX 1976 
lOX 1977 
lOX 1978 
IDX 1979 
IDX 1980 
lOX 1981 
lOX 1982 
lOX 1983 
IDX 1984 
IDX 1985 
IDX 1986 
IDX 1987 
IDX 1988 
lOX 1989 
lOX 1990 
IDX 1991 
lOX 1992 
lDX 1993 
l~X 1994 
IDX 1995 
IDX 1996 
lOX 1997 
LDX 1998 
IDX 1999 
IDX 2000 
IDX 2001 
lDX 2002 
luX 2003 
lDX ,,00<+ 
lex 2005 
IDX 2006 

.. 
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290 EV=EV 1 lOX 2007 GO TO 210 IDX 2008 295 EV=EV2 lOX 2009 GO TO 210 lOX 2010 

END lOX 2011 
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-ITC FOR FINPR.FINPR 
SUBROUTINE FINPRIF2.PA.CO.MO.M2.N2.Rl.R4.AO.VO'FO.JTL.JIM.E6.CX~. 

1 JIP.JIGM.PHI .JlM.C2.JG~.GH~) 
DIMENSION F2(1)' PA(l), COIJTLtl). 1'1,<.'(1). M2Il). N2IJIMtl). 

1 kllll. 1~4111. AD(1). VOlll. FOil). tbI6t1) 
2 • CXSIJIP.JIGMtl). PHIIJlMtl). C2IJlHtl). GAMI!) 

INCLUDE ABC 
C FINAL PRINT 

CALL MONPR 
C COMPUTE lONE FLUXES 

DO 10 I IG=l t1GM 
DO 5 Kl = 1. I lM 

5 PHIIKl.IIG) = 0.0 
DO 10 1= 1. 1M 
Kl=MOII) 

10 PHIIKltlIG) = PHIIKltlIG) + N21ItlIG)*VOII) 
IFINRED) 20.20.999 

C BALANCE TABLES 
20 CALL NBALIN2.CO.VU.CXS.MO.M2.EB.JTL.JIM.JIP.JIGM) 

DO 21 1=1. 1M 
F2(1) = .U 

21 PAil) = .0 
TEMP = 0.0 
IFII04 - 5) 23.25.23 

23 IFIBUCK) 24.26,24 
24 TEMP = BUCK 

GO TO 26 
25 TEMP = EV 
26 D0381IG=1t1GM 

READINCRll IICOllloJ). II=ltlTLl. J=l.MT) 
IFINCRUN) 37.37.27 

27 IFITEMP) 2Y.355.2Y 
29 DO 35 MTl =l.MT 

DO 34 Kl=l t1lM 
IFIM2IKl) - MTl) 34.30,34 

30 T01Pl = ITEMP*GAt~IKl) )/13.*COI4.MTl)) 
COI2.MTl) COI2,I>1Tl) - TEI>1Pl 
COI5.MTl) = CGI5.MTl) + TEMPI 
GO TO 35 

34 CONTINUE 
35 CONTINUE 

WRITEINSCRAT) IICOII.J). l=lt1TLl. J=l.MT) 
355 On 36 Kl=l.llM 

ITEMP = M2IKl) 
36 C2IKl,IIG) = C014.ITEMP) 
37 DO 38 I=l.IM 

ITEMP Mull) 
ITE~1P M21ITEMP) 

C POWER 
F2(1) F2(1) + COI1t1TEI~P)*N21I.rIG)*1000.*TSD 

C TOTAL FLUX 
38 PAil) = P"li) + N211tl1G) 

IFINCRUN) 42, 42. 3':1 
39 IFITEMP) 40, 42. 4l' 
40 REWIND NCRI 

REWIND NSCRAT 
I TEI"1Pl = NSCRAT 
NSCRAT = NCRl 
NCRI = IE~cPl 

lDX 2012 
lJX 2013 
lDX 2014 
IDX 2015 
lDX 2016 
lDX 2017 
IDX 2018 
IDX 2019 
IDX 2020 
IDX 2021 
IDX 2022 
1DX 2023 
IDX 2024 
lDX 2025 
IDX 2026 
IDX 2027 
IDX 2028 
IDX 2029 
lDX 2030 
IDX 2031 
lDX 2032 
lDX 2033 
lDX 2034 
IDX 2035 
lDX 2036 
lDX 2037 
l.DX 2038 
lDX 2039 
lDX 2040 
l.DX 2041 
J.DX 2042 
lOX 2043 
l.DX 2044 
:.DX 2045 
:.DX 2046 
:LOX 2047 
lOX 2048 
IDX 2049 
IDX 2050 
lDX 2051 
lOX 2 0 52 
IDX 2053 
IDX 2054 
LOX 2055 
IDX 2056 
IDX 2057 
lOX 2058 
lOX 2059 
1DX 2060 
lDX 2061 
IDX 2062 
lDX 2063 
lLlX 2064 
IDX 2065 
IDX 2066 
lDX 2067 
lDX 2068 
IDX 2069 
IDX 2l)70 

" 

• 
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42 WRITE(NOUT.45) lDX 2071 
45 FORMAT(132Hl ZONE RADIUS AVG RADIUS ARlDX 2072 

lEA VOLUME TOTAL FLUX POWER FISSIlDX 2073 
20N SOURCE I lDX 2074 
3 1 32 H ( C M ) ( C r~ ) ( C MID X 2 075 
42) (CM3) (N/CM2-SEC) (MWT/LITER) lDX 2076 
5 I) lDX 2077 

DO 50 l=l.IM lDX 2078 
I TEI~P = MU I I) lDX 2079 

5U WRITE(NOUT.60) IoITEHP.fqll).R41]). Aull).VO(I).PAII).F211loFCII)lDX 2080 
6U FORMATI14.I6.lPE16.j.lP6~17.~) lDX 2081 

WRITEINOUT.70) IP. RlIIP). AOIIP) lDX 2082 
70 FORMATI14.lUX.lP£12.5.20X.lPt14.5) lDX 2083 

IFINPRT-ll l6u. 75. 75 lDX 2084 
75 WRITEINOUT.8D) lDX 2085 
80 FORMATI3uHlFLUX BY GROUP AND SPACE POINTII) lDX 2086 

DATA GROUP/6H GROUPI lDX 2087 
DO l5 n IIG=1.IG~.6 lDX 2088 
LL = IIG + 5 lDX 2089 
IFILL - IGM) luO.lGO.90 lDX 2090 

90 LL = IGM lDX 2091 
lOi) WRITEINOUT.l1G) I IGROUP.K). K=IIG.LLl lDX 2092 
llU FOR~IAT(26HO ZONE AVG RAD. 617X.A6ol4)) lDX 2093 

WRITEINOUT.125) 1DX 2094 
125 FORMAT(1H) lOX 2095 

DO 130 I=lolM lOX 2096 
ITEMP = MO(I) lDX 2097 

l3u 'NRITEINOUT.6u) I. ITi:MP. R4II). IN2II.K). K=IIG.LLl lDX 2098 
IFILL - IGM) 1'50.1600160 1DX 2099 

150 CONTINUE lOX 2100 
160 IFINPUN) 200.2Qu.17U 1DX 2101 
170 PUNCH ltlU. I(N2(lolIG). I=lolM). IIG=1olGr--':) lDX 2102 
l8U FORMAT(6(3X.E9.4)) lDX 2103 
200 REWIND NCRI lDX 2104 
999 RETURN lDX 2105 

END lDX 2106 

• 
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-ITC FOR NBAL.NBAL IDX 2107 
SUBROUTINE ~BAL{N2.C~.V0.CXS.M0.M2.EB.JTL.JIM.JIP.JIGM) IDX 2108 
D I ,., ENS ION N 2 ( J I ,,1 tl ). CO { J TL tl It v 0 ( 1 ). C X::' ( J I P oj I G M tl ) • 1 D X 2 1 09 

1 ,\10{llt ,\12{llt EB{8ol) IDX 2110 
INCLUDE ABC IDX 2111 

C COMPUTE AND PRINT 3ALANCE TABLES IDX 2112 
DO 80 I G V = 1. I GM 1 D X 2 113 
READ{NCRl) ({CO{IoJlt I=ltITLl. J=I.MT) IDX 2114 
DO 10 K=3.7 IDX 2115 

10 EB{KtIGV) = O.() IDX 2116 
DO 20 I = 1 • I ,., 1 D X 2117 
TEMP = VC{I)*N?{ItIGV) IDX 2118 
ITEMP=MO{I) IDX2119 
ITEMP :; M2{ITEMP) IDX 2120 

C OUT-SCATTER IDX 2121 
EB{3tIGV) = EB{3,jGV) + (CO{4.ITEMP) - CO{5.ITEMP) - CO{2.ITEMP» lOX 2122 

1 *TEMP IDX 2123 
C ABSORPTION IDX 2124 
20 EB{4.IGV) = EB{4.IGV) + CO{2.IT~MP)*TEMP IDX 2125 
C LEFT LEAKAGE IDX 2126 " IF{BOI - 1) 30. 50. 40 IDX 2127 
30 EB{5tIGV) CX::'{ltIGVtl)*N2{ItIGV) :.DX 2128 

GO TO 50 ~DX 2129 
40 EB{5tIGV) CXS{ltIGV.1)*{N2{ltIGV) - N2{ IMtIGV» :,DX 2130 
50 IF{B02 - 1) 60.80. 70 :lOX 2131 
60 EB{6tIGV) CXS{IM+l,rGVtl)*N2{IM.IGV) IDX 2132 

GO TO 80 IDX 2133 
70 EB{6,rGV) -EB{5tIGV) IDX 2134 
80 EB{7t!GV) EB{5.IGV) + EB{6,rGV) lDX 2135 

REWIND NCRI lDX 2136 
DO 110 K=2.7 IDX 2137 

110 EB{KtIGP) = 0.0 IDX 213tl 
DO 120 IIG=ltIGM IDX 2139 
DO 120 K=2.7 IDX 2140 

120 EB{K.IGP) = EB{K.IGP) + EB{K.IIG) IDX 2141 
WRITE{NOUT.130) IDX 2142 

130 FORMAT{28HIFINAL NEUTRON BALANCE TABLEIII 127H GROUP FISS. SOIDX 2143 
lURCE FI::,::,I0N::, IN-SCATT~k 0uT-SL~TTE~ AdSORPTIu~ IDX 2144 
2 LEFT LEAK. RIGHT LEAK. TOTAL LEAKAGe. /) IDX 2145 

DO 14(; IIG=ltIGM IDX 2146 
14u I'JRITE{N(;UTd5~) IIG. Ed{l.IIG). Et:l{B,jIGlt (EB(KtlIG). K=2.7) lDX 2147 
150 FORMAT{I5.1PEI3.3.1P7EI5.3) IDX 2148 

WRITE{NOUT.155) IDX 2149 
155 FORMAT{IH) IDX 2150 

IIG = I~P lDX 2151 
WRITE(NOUTd5u) IIG. EB{ltlIG). C:8(8t!IG). (EB(KtlIG). K=2.7) IDX 2152 
RETURN IDX 2153 
END IDX 2154 



• 
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-ITC FOR GRAM.GRA~ 
SUBROUTINE GRAMIMASS. VOL. ATW. HOLN.JIM. MO. ~2. VO, 

1 10. II. 12,JML.I3,Jl) 
INCLUDE. A6C 
Dli'oiEI\SlCJN t,:i\SSIJtJ,Lol). VOL(1), AT .. I(1). HOLf'ill), fviOlll, 

1 MZ I 1 ). V Gil). III I 1 ), I 1 I 1 ), IZ I 1 ), I 3 I 1 ), J 1 I 1 ) 
C CALCULATE MATERIAL INVENTORIES 

WRITEINOUT.10) IIDII), 1=1,11) 
10 FORMATIIHl.11A6111) 

2u 

30 

35 
36 

37 
38 
39 

40 
42 

44 
48 
50 

130 

140 
142 

l44 
148 
150 

160 

170 
IBu 

1';10 

?OO 
21L-
22u 

WRIT E I NO IJ T ,20 ) 
fORMATI45H MATlRIAL INVE.NTORY IKILOGRAMS) ~OR tACH ZONE. I 

CALL CLEARIO.O.VOL,IZM) 
ITEMP = ML*IZ"," 
CALL CLEARIO.O.~ASS,ITEMP) 

DO 3 0 I = 1. I i-1 
K = MO I I) 
VOL I K) = VOL I K) + V 0 I I ) * • 001 
Dn 39 M=l,MOl 
I,IM) = 121M) 
IFIIOIM) - 111M») 39035,39 
IFIIZIM» 39036.39 
DO 38 MM=l.M 
IFIIOIM) - 10IMM» 38037038 
I,IMM) = I?IMM)*FV 
CONTINUE 
CONTINUE 
DO 19 (J N = 1, I ZM 
NN = MZ(N) 
DO 190 M = 1.M01 
IFIIOIM) - NN) 190,40.190 
IFIM - MM01) 42,42,44 
L = JlIM) 
GO TO 48 
L = 111M) 
IFIL - ML) 170, 170. 50 
NNAA = L 
IFIL - 101M» 130,190, 130 
DO 160 MAA = 1, MOl 
IFIIOIMAA) - NNAA) 160. 140, 160 
IFIMAA - MM(1) 142.14Z.144 
L = J 1 I MAA) 
GO TO 148 
L = IlIl'1AA) 
IFIL) 16U, 160. 150 
EOl = 13IMAA)*13IM) 
MASSIL.N) = I IEUl*ATWIL)*VOLIN»1.6023) + ~ASSIL,N) 
CONTINUt 
GO TO 190 
IFIL) 190, 190. 180 
EOl = 131M) 
MA~S(L.N) = (IE01*ATw(L)*VOLIN»/.6U23) + ~ASSIL.N) 
CONTINU:::. 
UATA ZON~/6H ZON:::. I 
DO Z 7 0 L = 1. I Z iVi • :5 
LL = L + 4 
IFILL - IZM) 21u. 21v. ZGu 
LL = In:; 
wRITEINOUT.22lJ) IILJf\;E. K), K=L. LLl 
FORMATIIIZBH MATERIAL ATO~IC ~T •• 3X. 5IA6,I2,12X») 

IDX Z155 
lOX 2156 
IDX 2157 
IDX 215t! 
lOX 2159 
IDX Z160 
IDX 2161 
IDX 2162 
IDX 2163 
IDX 2164 
lI)X 2165 
IDX Z166 
IDX Z167 
lOX 2168 
IDX Z169 
IDX 2170 
IDX Z171 
lOX 217Z 
IDX Z173 
lDX 2174 
lOX Z175 
IDX 2176 
lOX ?177 
IDX Z178 
lOX 2179 
IDX ZlBO 
IDX Z181 
IDX Z182 
lOX 2183 
IDX 2184 
lOX 2185 
lOX 2186 
lOX Z187 
IDX ?lR8 
lOX 2189 
IDX 2190 
lOX Z191 
IDX 2192 
lOX 2193 
lOX 2194 
IDX 2195 
IDX 2196 
lDX 2197 
IDX 2198 
IDX 2199 
IDX 2200 
IDX 2201 
IDX 2202 
IDX 2203 
IDX 2204 
lOX 2205 
lDX 2106 
IDX 2207 
lDX 2208 
IDX 2209 
lOX Z210 
lDX 2211 
lDX 221Z 
lOX 2213 



E-SO 
WRITEINOUT,231)) I VOL I K) , K ::: L. LL) 

230 FORMATI28X. 51lPE803 • 7H LITERS, 5X) ) 
WRlTEINOUT.240) 

240 FORMATIlH ) 

DO 250 K ::: 1 , ML 
25u WRlTEINOUT,26<J) K. HOLNIK), Anll K), !r~ASS I K, Ih 
260 FORMAT ( I3,3X, A6. F13.3. IX. lPE13.3, lP4E.20.3) 

IFILL - IlM) 270, 280, 280 
27u CONTINUE 
28U RETURN 

END 

lDX 
l)X 
ll)X 
lDX 
lDX 

::: L. LL) lDX 
lDX 
lDX 
lDX 
1DX 
lDX 

2214 
2215 
2216 
2217 
2218 
2219 
2220 
2221 
2222 
2223 
2224 

• 

I 

I I 
I 



• 

• 
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-ITC FOR CRUNCH.CRUNCH IDX 2225 
SUBROUTINE C~U~CHIPHI.N2,VJ.~8.PHJ'NPN,K7.Cl.CO,NFP,NZN.00.HGLN, lOX 2226 

1 ATW.JZM.JTLP.NV.KcR.JTL.JIM.VUL.C2.JG~.K6. lOX 2227 
2 ALPH.ALPS) lOX 2228 

OIHENSION PHIIJZI'l:d). N2IJIM.l), VOIl). K8(1). PHJIJZI'·1.1). NPI~ll)olOX 2229 
lK7111. ClIJTLP,KCRol), CvIJTLol), ~FPIll, I\Zi\ll). ~IOIl)' HOLNIl). lOX 2230 
2ATWIl), [WIl)' VULll). C2IJlI·itl), K61l), ALPHIJZr'itl). lOX 2231 
3ALPSIJZM.l) IDX 2232 

REAL K8 lOX 2233 
C CIIITLP.NCR,MT) COLLAPSED CROSS SECTION ARRAY--STARTS AT AILN2) lOX 2234 
C K8INCR) COLLAPSEO FISSION SPECTRUM--STARTS AT AILV7) lOX 2235 

INCLUOE A8C lOX 2236 
C CRuNCH CALCULATES. PRINTS. AND PUNChES COLLAPSEO CRUSS SECTIONS lOX 2237 
C CALCULATE ZONE AVERAGED FLUXES FOR EACH FINE GROUP lOX 2238 

00 30 KZ=l.IZM lOX 2239 
PHIIKZoIGP) = 0.0 lOX 2240 
0030 IIG=l,IGM IDX 2241 
PHIIKZtlIG) = PHIIKZoIIG)*.vvllVOLIKZ) lOX 2242 

30 PHIIKZoIGP) = PHIIKZoIGP) + PHIIKZoIIG) lOX 2243 
C CALC. FIS~. ~P~CTRu~ AN0 LONE AV. FLUXES FuR EACH COLLAPSED GROUP lOX 2244 

00 50 JJG=l,NCR lOX 2245 
K8IJJG) = 0.0 IDX 2246 
00 50 KZ=lolZM IDX 2247 

50 PHJIKZ,JJG) = 0.0 lOX 2248 
IIG = 0 lOX 2249 
DO 100 JJG=l.NCR lOX 2250 
ITF~P = NPNIJJG) lOX 2251 
00 100 K=lolTEMP lOX 2252 
IIG = IIG + 1 lOX 2253 
K8IJJG) = K8IJJG) + K7IIIG) lOX 2254 
NVIIIG) = JJG lDX 2255 
DO IOU KZ=lolZM IDX 2256 

100 PHJIKZ,JJG) = PHJIKZ.JJG) + PHIIKZoIIG) IDX 2257 
WRITEINOUTtllv) IKl,PHIIKlolGP).VOLIKl).KZ=lolZM) IDX 2258 

110 FORMATI21HIZONE AVERAGED FLUXES// lOX 2259 
1 40HOZONE FLUX VOLUME / IDX 2260 
2 4l.lH IN/CM2-SEC) ILITERS) //II4tlP2E18.5»lDX 2261 

115 WRITEINOUT.120) lDX 2262 
12U FORMATI////62n COLLAPS~U FISSION F~ACTIONS AND lONE AVERAGED FLUXEIDX 2263 

130 
14u 
150 

160 
170 

18LJ 
C 
190 
192 

IS BY GROUP/) IDX 2264 
DATA ZONE/6H ZONE/ IDX 2265 
DO 18'-' KZ=1.IZ·~.6 IDX 2266 
ITEMP = KZ + 5 lOX 2267 
IFIITEMP - IZM) 14u,14U.130 IDX 2268 
ITE['1P = IZM 
WRITEINOUTol5G) 
FORMA.TI3vH GROUP 
WRITEINOUlol6v) 

IIZONE. K). K=Kz.ITEri,p) 

FOPMATIIH ) 
FOR~".TII4, IP7EIB.')) 
DO ]8D JJG=},NCR 

FIS.',. FR"CT. • 61A6. 13. 9X») 

\\RI TE I NOLJT. 17v) JJG ,KS I JJG) • (",HJ 1.'- .J-.!G). r(=r(Z, I T[r"p) 
C II L C U LA TI UN 0 F := 0 L L A;O ~< J SIC F, 5!~, II. ,', US; G r, A i~ I) 5 I GTe 
I~INCR - IG~) 19~, IO?, IS2 
D0 194 IIG=l.IG~ 

R FAD I NC,~ 1 ) I I C v I I • J ) , I = 1 , I T L ) • J = 1. r,' 1 ) 
00 194 f'li= 1. ;,FG·l 
ITEr~Pl =\lFPI\1) 
DO 194 I=lolTL 

IDX 2269 
IDX 2270 
IDX 2271 
IDX 2272 
IDX 2273 
IDX 2274 
IDX 2275 
lOX 2276 
IDX 22 77 
IDX 2278 
IDX 2279 
IDX 2280 
IDX 2281 
IDX 22B2 
l::>X 2283 



194 

195 

200 

235 

24U 

250 

26U 

28u 
290 

295 

300 
31e 
C 

330 

480 
490 

Clll,IIG,M) = Cull ,ITEMPl) 
GO TO 955 
DO 200 JJG=l,NCR 
DO 200 Kl=l,IZM 
ALPSIKl,JJG) = 0.0 
IIG = 0 
DO 235 JJG = 1, NCR 
lTEMP = NPN(JJG) 
DO 235 K=l,ITE~P 

IIG=IIG+l 
DO 235 Kl=l,IZM 

E-S2 

ALPHIKl,JIG) PHIIKltlIG)/C2IKltlIG) 
ALPS(KL,JJG) = ALPS(Kl,JJG) + ALPH(Kl,IIG) 
IIG = 0 
DO 290 JJG=l,NCR 
DO 240 JT=l,ITLP 
DO 240 M=l,NFG,"1 
CIIJT,JJG,M) = 0.0 
ITEMP = NPN(JJG) 
DO 290 K=l,ITEMP 
IIG = JIG + 1 
R F AD I NC R 1 ) I I CO ( I , J) , 1=1 , I T L ) , J = 1 , M T ) 
DO 290 M=l,NFGM 
ITEMPI = NFP(t~) 
KZ = NlN(M) 
DO 250 JT=1,3 
Cl(JTdJG,M) = Cl(JT,JJG,M) + C0(JTtlTEMPll*PHI(KZtlIG)/ 

1 PHJ(KZ,JJG) 
IF(NTR) 28u, 28u, 260 
Cl!4dJG,M) ClI4,JJG,M) + PHIIKZtlIG)/CO(4t1TEMPl) 

IDX 
IDX 
IDX 
lOX 
lOX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
lDX 
IDX 
IDX 
IDX 
IDX 
lDX 
IDX 
lDX 
IDX 
IDX 
IDX 
IDX 
IDX 

GO TO 290 
Cl(4,JJG,M) 
CONTINUE 

IDX 
Cl(4,JJG,M) + CO(4,ITENPl)*ALPH(Kl,IIG)/ALPSIKZ,JJG)lDX 

IDX 

2284 
2285 
2286 
2287 
228tl 
2289 
2290 
2291 
2292 
2293 
2294 
2295 
2296 
2297 
2298 
2299 
2300 
2301 
2302 
2303 
2304 
2305 
2306 
2307 
2308 
2309 
2310 
2311 
2312 
2313 
2314 
2315 
2316 
2317 
2318 
2319 
2320 
2321 
2322 
2323 
2324 
2325 
2326 
2327 
2328 
2329 
2330 
2331 
2332 
2333 
2334 
2335 
2336 

IFINTR) 310, 310, 295 
DO 300 JJG=l,N(R 
DO 300 M=l,NFGM 
KZ = NZNIM) 
ITEMP = NPN(JJG) 
Cl(4,JJG,M) PHJ(KZ,JJG)/Cl(4,JJG,M) 
RE~!1 ND NCR 1 
CALCULATION OF SCATTERING MATRIX 
IFINXCMP) 90U, 9U0, 330 
IIG = 0 
DO SOu JJG=l,NCR 
ITEMP = NPNIJJG) 
DO 500 K=l,ITEMP 
READ I NCR 1) I (Cu I I ,J) .I=l, ITLl d=l ,MT) 
IIG = IIG + 1 
DO 500 M=l,NFG'1 
ITEMPI = NFP(M) 
KZ = NZNIM) 
DO 500 LT=l,NXCM 
iT=LT+5 
I'lG = I I G - L T 
JNG = NVIING) 
JT = JJG + S - JNG 
IF(JT-5) 500, SOu, 48 0 

IFIING) 50U, SOu, 49U 
Cl(JTdJG,~n = CIIJTdJG,M) + CIIT,ITFI'Wl)o~PHIIKZ.rNG)1 

IDX 
IDX 
IDX 
IDX 
IDX 
IDX 
lOX 
IDX 
IDX 
IDX 
lDX 
IDX 
IDX 
IDX 
IDX 
lex 
IDX 
lC!X 
IDX 
IDX 
F'X -;n':'7 
IDX 2338 
l[)X 23'0,9 

IDX 2340 
lDX 2341 
lDX 2342 



500 

530 
540 

55u 
57iJ 

C 
900 

930 
95u 
C 
955 
96li 

97u 

98U 
990 

C 
1000 

1040 
1045 
1050 
1055 

1060 
1070 
1080 

1 PHJ(KZ.JNG) 
CONTI NUE 
IF(NXINP) 9GO. 9vu. 530 
IF(NXCMP - NXINP) 9uO. 9LO, 54U 
ITEMP = NXINP + 5 
iTEMPl = NXINP + 6 
DO 570 M=l,NFG"'1 
DO 570 JJG=l,NCR 
DO 570 JT=ITEMPl,ITLP 
KKG = JJG + JT + I - ITEMPI 
IF(KKG - NCR) 55G. 550. 570 

E-S3 

Cl(ITEMP.JJG.M) = Cl(IT~MP.JJG.M) + (l(JT,~KG.M) 

CONTINUE 
ITLP = NXINP + 5 
NXO~P = NXINP 
CALCULATION OF SIGG 
DO 950 JJG=l.NCR 
DO 950 M=l.NFG"'1 
T E,'.1P = • 0 
DO 930 L=l.NXCMP 
JT = L + 5 
J = JJG + L 
IF(J - NCR) 930. 930. 950 
TEMP = TEMP + Cl(JT.J.M) 
Cl(5.JJG.M) = Cl(4.JJG.M) - Cl(2,JJG.M) - TEMP 
PRINT COLLAPSED CROSS SECTIONS 
WRITE(NOUT.960) 
FORMAT(/25HlCOLLAPSED CROSS SECTIONS) 
DO 98ll JJG=l.NCR 
\·JRITE(NOUT.970) JJG 
FORMAT(6HwGROUP.I3.llX.82rl SIGF SIGA NUSIGF 

1 GXG G-lXG G-2XG • •• ) 
DO 980 M=l.NFGM 
I T EM P 1 = N F P ( 1·1 ) 
KZ = NZN(~1) 
WRITE(NOUT.990) ITEMPI. KZ. (Cl(JT.JJG.M).JT=l.ITLP) 
FORMAT( 4H MAT.I3.lX.5H LONE.I3.l0Ell.5/ (16X.lOEll.5)) 
IF(IPUN) 1100. llLlO. 1000 
PUNCH COLLAPSED CROSS SECTIONS 
DO 1070 M=l.~FGM 

Z=l.O 
PUNCH 1040.NFP{!',,,,, Z, NCR 
FORMAT(3HMAT.I3.F6.2.l0X.I3.7H GROUPS) 
IF(IPUN - 1) 1050.lu50.l060 
DO 1055 JJG=l.NCR 
PUNCH 1080. (Cl (JT oJJG,M) .JT=l • ITLP) 
GO TO 1070 
WRITE(16) (((l(JT.JJG.M). JT=loITLP). JJG=l.NCR) 
CONTINUE 
FORMAT(6El2.6) 
IF(IPUN-2) 1100,109 1 ol1Uu 

1090 CALL NTRAN(16.9,11) 
1100 REWIND NCRI 

R'"TLJRN 
END 

SIGTR 

1 DX 734', 
IDX 234'+ 
lOX 2345 
lDX 2346 
lDX 2347 
IDX 2348 
IDX 2349 
lDX 2350 
IDX 2'351 
lDX 2352 
IDX 2353 
IDX 2354 
lDX 2355 
IDX 2356 
IDX 2357 
lOX 2358 
lOX 2359 
lDX 2360 
lDX 2361 
lOX 2362 
lDX 2363 
IDX 2364 
lOX 2365 
lDX 2366 
lDX 2367 
lDX 2368 
lDX 2369 
IDX 2370 
lDX 2371 
lOX 2372 
lDX 2373 
IDX 2374 
lDX 2375 
lDX 2376 
IDX 2377 
lDX 2378 
lOX 2379 
lDX 2380 
IDX 2381 
lDX 2382 
lOX 2383 
lDX 2384 
lDX 2385 
lDX 2386 
IDX 2387 
lDX 2388 
lDX 2389 
IDX 2390 
lDX 2391 
lDX 2392 
lDX 2393 
lDX ?394 
lOX 2395 
lDX 2396 
lDX 2397 
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