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PREFACE

This volume is one of a series describing the Argonne Reactor Computation
(ARC) System, which has been executed on IBM System 360 computers, models 50,
75, 85, and 195, under the 0S/360 operating system. The modules described
herein must be used in conjunction with modules described in other volumes.

The ARC System consists of a library of computational modules for fast
reactor design calculations, along with a set of system modules which provide
an environment for the operation of the computational modules. The modules
are used in a selected order by directive programs called 'paths." Inter-
module communication is through ARC System data sets. The data sets are
defined such that output from one computational module can be used as input
to others. This allows for the automation into a single run of what would
normally be a sequence of rums.

ANL-7711 of this series contains descriptions of the ARC System history
and philosophy, of the software environment in which the ARC System operates,
of the system modules which constitute the software environment, and of the
ARC System data sets.

A description of the ARC System standard paths can be found in ANL-7712.

The ARC System was previously described in report ANL-7332, "The Argonne
Reactor Computation (ARC) System,' B. J. Toppel, Ed. (November 1967).
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THE ARC SYSTEM ONE-DIMENSIONAL DIFFUSION THEORY CAPABILITY,
DARC1D
by
D. E. Neal, G. K. Leaf, and A. S. Kennedy

ABSTRACT

This volume presents the documentation of the ARC System one-dimensional
diffusion theory capability, DARCID, comprising the k-effective and source
calculation module DIF1D (NUC002) and the criticality search module D1DSCH
(NUC004) .

Both modules solve a finite-difference approximation to the one-dimen-
sional multigroup diffusion equation. The DIFID module can perform either
inhomogeneous or homogeneous calculations, using either real or adjoint
solutions. Four geometry types, rectangular slab, cylindrical slab, cylinder,

or sphere, are permitted.

The criticality search module allows searches to a fixed value of
k-effective or of the inverse reactor period o. The parameters which may
be varied are composition cross section data, mesh interval length or region

size, reactor buckling, and the inverse period a.
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PART ONE.
ONE-DIMENSIONAL, MULTIGROUP DIFFUSION THEORY MODULE
FOR K-EFFECTIVE AND SOURCE CALCULATIONS, DIF1D (NUC002)

Analysis Done By - G. K. Leaf and A. S. Kennedy
Programmed By - A. S. Kennedy and D. E. Neal

Documented By - D. E. Neal and G. K. Leaf
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1. DIF1D (NUC002) Introduction

a, Description of Capabilities

This module solves a finite-difference approximation to the one-
dimensional multigroup diffusion equation. Two basic types of calculations
can be made:

(i) homogeneous eigenvalue (keff) calculation, in which the
external boundary conditions are homogeneous and there

is no external source; and

(ii) inhomogeneous (source) calculation, in which the external
boundary conditions are inhomogeneous and/or there is an

external source.

Real and/or adjoint solutions are permitted in the homogeneous case; real
or adjoint solutions are permitted in the inhomogeneous case.

The fluxes may be saved during the iterations to pemmit a restart of
the calculation,




Standard Paths Which Utilize This Module, and

Other Modules Utilized by Each Path

Modules Utilized
by Each Path

Paths Utilizing This Module

STP001
1-D Diffusion
Theory

STP003
2-D Diffusion
Theory

STP004

Burnup
Diffusion

Theory

STP006
1-D Diffusion
Theory
Perturbation

DELDATA (CSI007)
Delayed Neutron
Data Preparation

. INHOMG (NUIOO01)

Multigroup Cross
Section Homog.
Specifications

HOMOG (NUC001)
Multigroup Cross
Section Homog.

HHOMOG (NUC007)
Material-to-
Composition
Cross Section
Homogenization

GNIP (NUIOO02)
Neutronics Input
Processor

DARC1D

DIF1D (NUC002)
1-D Diffusion
Theory keff
and Source
Calculations

LT




b.

Standard Paths Which Utilize This Module, and

Other Modules Utilized by Each Path (Cont'd)

Modules Utilized
by Each Path

Paths Utilizing This Module

STP001
1-D Diffusion
Theory

STP003
2 -D Diffusion
Theory

STP004

Burnup
Diffusion

Theory

STP006
1-D Diffusion
Theory
Perturbation

DIDSGH (NUC004)
1-D Diffusion
Theory Criticality
Search

DARC1D

DIF2D (NUC005)
2-D Diffusion
Theory keff
and Source
Calculations

DARC2D

D2DSCH (NUC004)
2-D Diffusion
«Theory Criticality
Search

MODXSISO (NUC006)
Run-time

Microscopic Cross
Section Modification

PARC1D (AJC003)
1-D Diffusion
Theory
Perturbation

8T



b. Standard Paths Which Utilize This Module, and

Other Modules Utilized by Each Path (Cont'd.)

Modules Utilized
by Each Path

Paths Utilizing This Module

STP001
1-D Diffusion
Theory

STP003
2 -D Diffusion
Theory

STP004

Burnup
Diffusion

Theory

STP006
1-D Diffusion
Theory
Perturbation

OUTMAN1D (NUEO0O01)
1-D Neutronics
Output
Manipulation

INVENT1D (AJC001)
1-D Neutron
Inventory

INVENT2D (AJC002)
2-D Neutron
Inventory

CPGEOM (AJCO006)
Geometry Data
Set (GEOM)
Copier

REBUS

INFUEL (FCI001)
Fuel Cycle
Specifications

FUELCY (FCC001)
Fuel Cycle
Analysis

61
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Data Sets Utilized by This Module

Upper-interface Data Sets

A.DIF1D, One-dimensional Diffusion Theory
Module-dependent BCD Input

BC, Boundary Condition Specifications

ES.DI1D, One-dimensional Distributed External
Source

FA.D1, One-dimensional Adjoint Group Fluxes
or

FR.D1, One-dimensional Real Group Fluxes

GEOM, Geometry Data

SP.CICN, /odule-independent Data

XS.C.MIN, Macroscopic Composition Cro:s
Sect.ions

XS.IS02, File 1, Problem-dependent Microscopic
Group Cross-sections, File 1
or

XS.ISO, File 1, Microscopic Group Cross
Sections, File 1

Lower-interface Data Sets

FA.D1, One-dimensional Adjoint Group Fluxes
and/or
FR.D1, One-dimensional Real Group Fluxes
FR.PN, Power-normalized Real Regional Group
Fluxes
FSA.D1, One-dimensional Adjoint Fission Source
and/or

FSR.D1, One-dimensional Real Fission Source

Records Read
All

All
All

All

All

All except Region
Volumes

All

All
File Size, Grcap
Structure
File Size, Group

Structure

Records Written

All

All

All

All




2. DIF1D (NUC002) Description of Problem and Method of Solution

This module solves a finite-difference approximation to the one-
dimensional, multigroup diffusion equation.

a. Introduction
Two basic types of calculations can be made, as follows:

(i) homogeneous (eigenvalue _keff calculation), in which the
external boundary conditions are homogeneous and there is no
external source; or

(i1) inhomogeneous (source calculation), in which the external
boundary conditions are inhomogeneous and/or there is an
external source.

Real and/or adjoint solutions are permitted in the homogeneous case;
real or adjoint solutions are premitted in the inhomogeneous case.

The module has the following capabilities:

(1) 1linear external boundary conditions;

(i1) two types of conditions for internal boundaries, logarithmic
for regions containing a black composition, or continuity of
flux and normal current for all other cases;

(iii) four geometry types, spherical, cylindrical, rectangular slab,
or cylindrical slab; ’

(iv) unrestricted scattering between energy groups; and

(v) composition-dependent x-matrices or x-vectors.

b. Derivation of the Finite-difference Equations

The method used to derive the finite-difference approximation to the
diffusion equation in this module is the same as that used by Hassitt in
CRAM1 and later by Sangren in CANDID.

Let a reactor of length or outer radius R be given, depending on the
geometry type, such that the boundaries of the regions making up the
reactor are perpendicular to the transverse or radial axis. The multi-
group diffusion system can then be written in the form

21
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7 o ®
-div (08D Vo, M) *+ )5 95D =g§#g o(r) b,

G g e = & S 1
+_1%. Zl ¥ (1) (\).of)g @ ‘bg'(r)’ for g = 1,2,.445G (b.1)

m=

Here, ¢ (T) denotes the neutron flux in the gth energy group at the spatial

g’g
point T. The macroscopic cross sections Dg(r), (cR)g(r), o(r), x(r), and
(v'cf)g (T) are presumed to be constant within a given region. It should

L

be noted that the diffusion coefficient is taken to be m , where

(Utr)g(?) is the macroscopic transport cross section.

At the exterior boundary surfaces, we shall assume the boundary

conditions are of the form
ADRET - 4+ B (D 8, =0, for g = 1,2,...,6, (b.2)

where fi denotes the unit outward nommal to the surface.

The object in a real keff calculation is to find the largest value
of k and the corresponding set of non-negative fluxes {¢ ()} satisfying

(b.1) and (b.2). In the adjoint case, the solution to the adjoint
system associated with these equations is sought.

A source-type calculation can arise in two ways: (1) if an external
source term Sg(?) is added to the right-hand side of Eq. i(b.1); and 3£
the boundary conditions of Eq. (b.2) are either left in their homogeneous
form or modified by replacing the right-hand side by a temm Cg(r), or
(ii) if the term Cg(r) is inserted in Eq. (b.2) without the addition of
an external source term in Eq. (b.1). In the source cases, either a
fixed k is specified or k is set equal to 1.0, and the object is to find
the non-negative flux satisfying Egs. (b.1) and (b.2). In the adjoint
source case, the solution to the adjoint System associated with these
equations is sought.

To approximate the solution of the system by means of finite dif-
ferences, we lay down a mesh structure on the reactor, such that all
region boundaries lie on mesh lines. The abscissas of the vertical




mesh lines can be denoted by 0 = RO < R1 = R2 <oeeg RI = R, where the
region defined by Ri-l <r <R with center at T, will be called the ith
mesh cell or mesh interval, and the point T, will be considered to be
the mesh point associated with the interval. Then AR, = Ri'Ri-l'

Consider the differential Eq. (b.1) in the ith cell; then Eq. (b.1)
becames

- fv_ div(0§- 99 @)V + (op)$ fv RaGL
X il

5 g -
gza‘g oy B é ng=1xl op Vi e o

Here, let ¢i g = ¢g (ri); then we make the approximation
’

()"}
G =gt :
jv_ bg () g (b.4)
i
To the term involving the divergence, we apply Green's theorem to
obtain

fv. div(D§-vs, (0))dV = A; DE 0"(R)) - Ay D§ 07 (R] ), (b.5)

i€

where Ai is the surface area per unit height or radius of the right face
of the ith cell.

There are three cases to consider in the approximation of the right-
hand side of Eq. (b.5):

(1) the ith cell is a ''normal'' interior cell, i.e., one for which
the ordinary conditions of continuity of flux and current can
be applied across the boundaries;

(ii) the cell is an exterior cell, such that one of its boundaries
is on an external boundary of the reactor;
or (iii) the cell is an '"abnormal' interior cell in the sense that it is
adjacent to a cell containing a black composition.

The interior mesh cell is shown in the diagram below.
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(-1) (1) (i+1)

Ri-l i

We shall first consider case (i) for each geometry. Note that the

energy subscript has been dropped.

For this case, the interface conditions take the form

dR) = o R,
& - ) b.6
= T o S g

Ri r=Ri

If we expand the flux and its first derivative about the points Ri and

Ri+1’ we obtain

pet 1 b )
¢(Rl)"¢ +7AR1 ¢1+ CA)

L
SR = ¢, - LAR. . 4°. .+ .
i i+l 2 i+l aEl e
e 1 e .
[0} (Ri ) = ¢i + 2(7 ARi) d)i S ey

Sdate $4 1 P
O7(Ry ) = 004y - 27 ARy,) 60 * ..

Solving the first set for b5 and ¢i+1 and using the second set to solve
for ¢i‘ and ¢i‘+1, we obtain

6; = 0(R;") - 7 AR; ¢"(R;") + higher-order temms;

+ i S :
P41 = 0(R; ) + i AR1+1 ¢ (Ri+) + higher-order temms.




Using the interface conditions ¢(R._) = ¢(R.+) and D.¢’(R.') » U0y ¢>‘(R.+),

we multiply the first equation by % AR1+1 D. and the second by - ARl D1+l’

then add to obtain, after neglecting terms of order higher than the first,
i
e T o I S

i
1 1
7 AR Diyy * 7 OR ) Dy

i+1 Dj 9 s

Putting this expression for ¢>(Ri) into the equation for o5 and solving the
resulting equation for Di ¢‘(Ri-), we obtain

B D
- =S b o Ly gl &
Di ¢ (Ri ) = 1 & 3 1 g (¢i+1 ¢1) . Cb.8)
P e T
Hence, for the boundary R;,
DENDS
- = A s bl
A. D. (R, ) = (¢ - ¢.) A, (b.9)
S D TS TR S s A

Al R Tl e |

where Ai is the surface area per unit height or radius, depending on the

geometry type. The other cell boundary is handled in a similar manner.
»

For the case of spherical geometry, we assume that the reactor config-
uration is spherically symmetric, such that the flux #(p,6,9) = ¢(p). From
this,

(o DJ’-) and (b.10)

div (0-vp) =4 & &
P

dv = 4 02 dp

For a 'mormal'" interior cell, then, integrating the diffusion equation
over the interval, we obtain

-4n[RE D,0°(R,) - R Dio"(Ry_ M+ op R Vi 0TS Yy (D)
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where

Amets 3
e Bagle

R. + R.
= ate L
¢(ri)’ Ti = 2 ’

¢-

ik

and Si represents the fission and scattering source terms.

Here we have made the approximation

e

R.

8(0) 0% do = 6(r;) V;
1-1

(Alternatively, we could apply the mean-value theorem, and identify the

mean value ¢ with the value of the flux at the center.)

Applying the conditions of continuity of flux and current across

interfaces leads to

S R )b Vs By o (b.12)
where
x
b D Doy &y
2 4 T ;
FAR Dy * 78R Dy
Y L el SERY oy
it ST il kil y
F AR D TR D;
and ei=ai+ci+@)ivi 4

Hexe, AR. = R. - R. 5
1 1 gt
and, for spherical geometry, Ai is simply the surface area of a sphere of radius Ri’

= 2 o). =
Ai 4n Ri' The removal term (oR)i = (cR)i .




27

For cylindrical geometry, we have

. A
div (D79) = 2 (oD a%) and

(b.14)
dv = 27 pHr dp

where the flux is assumed to be independent of the 6-direction and to

have a cosine distribution in the z-direction, ¢(p,6,z) = ¢(p) cos % s

and where Hr is the extrapolated half-height of the reactor in regionrr.
Integrating the diffusion equation over an interval, as in the

spherical case, we find that the finite difference equations are defined

as in Eq. (b.13), where the volume per unit height in the z-direction is

Vi = w(Rﬁ = Ri_l). Hence, the surface area per unit height is Ai = 2m Ri'
The removal term (q{)i used in computing e; is, for finite cylindrical

geometry,

(G); = o) + D B, (b.15)

where Bf. is the buckling in region T,

For infinite cylindrical geometry, again (q{)i = (oR)i

For rectangular slab geometry, we have

div(D-V$) = g; D g;%)
(®.16)
and dV = dx ,

where the flux is assumed to have a cosine distribution in the y- and z-

directions,

)

mZ
d(x,y,2) = ¢(x) cos Y cos
ZHr;]- 2Hr,2
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where H_ ; and H_ , are the extrapolated half-heights of the reactor in the
r, r’

y- and z-directions, respectively.

Again, the finite-difference coefficients are found to be defined

as in Eq. (b.13), where the volume per unit height in the y- and
= AX;, and where AR; is replaced

z-directions is simply Vi = ere o
The removal

i
by AXi. Hence, the surface area per unit heights 1s Ai = 1.

term (@)i now includes the buckling terms in the transverse and axial

directions:
e R Y .17)
(og); RUi e r il T 0 ’
2 T 2 2 Thelay 2
where B = ) B = )
T, 1 ZHr,l 2o s 2Hr,2

Finally, for the case of cylindrical slab geometry, we have

av 0 =L 03

(b.18)
and dV = mdz,

where the flux is assumed to be independent of the 6-direction and to
have a Bessel function distribution in the p-direction, ¢(p,z,0) =
¢(z) JO (%E). Here Rr is the extrapolated radius of the reactor and o
i

is the first zero of the zero-th order Bessel function of the first kind,
JO.

Once again, the finite-difference coefficients are defined as in
Eq. (b.13), where the volume per unit radius is Vi = ‘lT(Zi - Zi-l) = nAZi
and the surface area per unit radius is thus m, and where AZi replaces
AR;. The removal term again includes the buckling contribution:

GR); = [y +0; B, i

Pl N
whereBr~ E) .




We shall next consider case (ii), that of an exterior cell. At the
right-hand reactor boundary, a boundary condition of the form

A¢‘(RI) 3 B¢(RI) = (b.20)

is applied, where A, B, and C are group-dependent. If we again expand
the flux and its derivatives in a Taylor series, we have

o 1 s Y il .
¢(Ri) * ¢i 5 7ARi ¢i + (7 Ri) ¢i toous
e e 1 S

(0 (Ri) i ¢i = 2(‘2' ARi) ¢’i oo

Using Eq. (b.20), we obtain
BB ¢ (AR B) 6+ (AR 2R + B AR 7+
i et L g5 s T R

where 1 = I in this case.

Thus, eliminating cbi’ between this equation and the expansion for
¢‘(Ri) , we have

1 3 el | -
(C - Bo;) - (A+ 7 AR B) 6°(R)) = - 5 (AR,)” Bo:” +..

Neglecting terms of order higher than the first, ‘we obtain

£~ 5
¢'(Ri)2’_1_1_
A+7-ARiB

Finally, then,

b wa g Uy (€ - B O A
R i
A+ior B

(b.21)

where Ai is again the surface area associated with the geometry type.
Here we see how inhomogeneous terms
DiCAi
1
A+ Vi ARi B
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i i itions
arise in the difference equation when inhomogeneous boundary cond

are applied.
For spherical coordinates, the left boundary condition is always
$°(0) = 0; thus, c, = 0. The right boundary conditions are of the form

1 .
(b.20). Applying this condition in the last interval leads to

ar = 0
D; B A
and e = —T——+ c; + G Vp (b.22)
A+ 5 AR, B
Z I
where V, ARy, A}, and (@I are defined as in case (i). In addition,

if C # 0, an external source term having the form

DCAI

Il

S, = (b.23)
Xt A+ 7R

I B
is created. Hence, if C # 0, the problem takes the form of a source
calculation rather than a keff calculation.

In cylindrical geometry, the left-hand boundary condition is again
$7(0) = 0, which leads to ¢ = 0, and the right-hand boundary condition
is again of the form (b.20); hence, eq. (b.22) holds, where VI’ ARI, and
(EE)I are defined as for case (i). The external source term, if C # 0,
again has the form (b.23).

In rectangular slab geometry, both the left and right boundaries can
have general linear boundary conditions of the form (b.20). Hence,




S

C =0 ”
D, B® A1
i
and e, = a, + +.(60)- V.
RS T VT oy S
a; = 0
Dy B A =
and e, = FiGTut (o V. 3
S 2 I RAT T ; > (b.24)
2D
if C‘#O,
§ e D1 € A1
ext,1l A+ 1 X. B” 3
R
at C#0;
. DI (& AI
Sext,1 T T T g J
2 I

Here, V;, X, A;, and (GE)i are defined as for case (i).

Similarly, for cylindrical slab geometry both the left and right
boundaries can have the general linear boundary conditions. Thus, the
finite-difference coefficients Cys €15 3ps and ep as well as the external

source terms S and Sext 1 are computed as in Eq. (b.24), except that
b

ext,1
AXi is replaced by AZi. The quantities Vi’ Ai, and (Eg)i are again defined

as for case (i).

Finally, we shall consider case (iii), in which cell i is adjacent
to a cell containing a black composition. Suppose that the (i + 1)th
cell is 'black' with respect to the flux in a given energy group. Then
the region interior to this cell is exterior to the domain of the dif-
ferential equation for that group; moreover, on the boundary a condition
of the form

Dy ¢"(R;) + ALy 0(R)) =0 (b.25)
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i actor
is applied. Here, A is an input constant, T 1S the number of the reac

. indicates that the
region to which the interval [R;, R;,1] belongs, and % indica

condition is on the left. Hence, in the ith cell, for spherical geometry,

we have
a. =0
1
D. A, A.
and e = o +o; + Oy Yy ) (b.26)
D; + 7 AR; ALy

where V., A{» R; and (Ei)i are defined as for case (i).

The same equations apply for the cylindrical, rectangular slab, and
cylindrical slab geometries, with V;, A, AR; (or AX; or AZi), and (BE)i
defined according to geometry type.

Note that all remarks apply only to the energy group for which the
cell appears 'black'; the same cell may be normal for other energy groups.
Since there is no diffusion in the black cell, we set Di = 0; this yields

T i 1 S

(b.27)
8341 = ORisg Vieg
If, on the other hand, we suppose that the interval [Ri-l’ Ri] is
the outemmost cell of a region black to neutrons in a given group, then,
for spherical geometry,

and (b.28)

SR T

The definitions for the other geometry types are analogous.
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Note that introducing black regions has not destroyed the symmetry
of the coefficient matrix, i.e., ai,g = Ci+1,g' It has simply permitted
the possibility that some of the coefficients ai,g are zero. We shall,
however, continue to treat the matrix as nonsymmetric, since more general

interface conditions would lead to that situation.

c. Solution of the Finite-difference Equations

In section b, we derived the finite-difference equations associated
with the one-dimensional, multigroup diffusion equation. Thus, starting
with the system

& G - -
-div(0Bv ) +(op)Bo, = T BB .+t I A8 E (wpfo .
e ol g';g g ng=1 ek

forspi=Ril 2 =Gy
with external boundary conditions of the form
d¢
A + B = 0
g Hf g% = O

we obtained the homogeneous finite-difference system

-

= } ; iy e 3 = BUE TR S
alsg ¢1+1’g y elsg ¢1,g Cl’g ¢1'1’g nggol ¢1)g 1
G y (c.1)
1 4 TR
i3 gZ=1 Xi © (rogy 65 oo V3

for gi= 15200056,

Here, we seek the largest positive value of k for which the system has

a positive solution {¢i g}.
t

If the external boundary conditions were inhomogeneous, or if an
external source were present, the finite-difference equations would take
the form

el i Gl : = B
i,g Cl,g ¢1-1,g gZ#g"l ¢1,g il

¢

-3. = + 4
3,8 %i+1,g T Cig

G - - evd)
88 (yeo.)8
2 Z=1 < R A OO P
tfor g = 1,2,..4,0:
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represents the source term arising from the boundary conditions

Herg sse

i s '
and/or the external source. The basic problem is to solve the set of
linear equations for the flux {‘bi,g}'

Two types of problems, real or adjoint, are performed for either
k £f OT source calculations. We shall discuss the real solution to the
e

keff calculation first.

We first define the following matrices:

relg “1g O
g 8 %
e ; ' . forg = 1,2 06" (c.3]
g . :
-1,
-c e
) I
0 . o |
88 - diag[Vicg‘gJ ; (c.4)

diag [Xg‘g (v-cf)ig’ Vi] for the yx-matrix case
FEE L (c.5)
diag [xig (v-of)§ Vi] for the x-vector case

With these matrices defined, the basic finite-difference system given
in Eq. (c.2) can be written in the form

G
S G U g£°g
Ra =3 ng“"*k‘ J pE By g= 4.0 (c.6)
N B Saen v S2) ¥

where
¢g = (¢1g, ¢2g) ""¢IG)

With the logarithmic condition applied at some interfaces, the matrices
Ag are symmetric and tridiagonal. Some of the off-diagonal elements are
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FETOY 1wy s = 0 for some i and g. However, we shall assume

T s (A3
that all the elements eig are positive. Thus each matrix Ag is nonsingular
with a nonnegative inverse.

We next define the following matrices:

(A 41 Q.
1
e e (c.7)
R B A

and

LB ) (c.8)

Then the system defined by Eq. (c.6) takes the form
el
E¢ = k— Fd), (C-g)
where ¢ = (¢1, Grs wves ¢G)"
Now, since
TR R R OB

we have

Thus E-1 exists and is non-negative. The basic problem, then, is to find
the largest value of k and the corresponding non-negative flux that satisfy

Eg. (c.9).
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The basic method of solution used in this problem is that of power

iteration on the matrix E 1F. Thus starting with an arbitrary positive

flux ¢(0) and a positive scalar k(o), we form iteratively

1) _ 1 . () (@] _ 0,0 ,0+])
E¢ kwﬂt ok k (¢n+l ,¢n

(c.10)
To find ¢(n+1)’ we must solve a matrix equation. The solution can
be effected directly if there is no up-scattering present, since E is
block lower triangular in this case.

If up-scattering is present, the solution is effected iteratively by
means of block Gauss-Seidel applied to the blocks exhibited in Eqs. (c.7)
and (c.8). The iterations by which we find ¢(n+1) are called inner
iterations. Thus, if we have ¢(n) and k(n) , and we also have the vectors
xgl), xz(g‘),. Ao xg)l, then we find xg(u by solving
Ax® o R L] EEED L § @ -

R 8 K@ gEp. B

where we take x(O)E ¢(n) for all g. Since each matrix A-1 exists and is
nonnegative andgeach matrix Bg'g is also nonnegative, thg sequence of
vectors xu‘) will converge to the solution ¢(n+1) of Eq. (c.10) for each
g=1,2, ..., G.2 As noted before, if therg is no up-scattering, i.e.,
if B® & = 0 for g >g, then no iteration is necessary. The above inner

iteration is continued until

e )

T i,g 1 OF £2%,.» geralil)

at which point we set (o) _ (2) .
. *t %,g " T X g
In practice, the iteration scheme defined by Eq. (c.11) is slightly
modified to reduce unnecessary steps. We define g to be the smallest
value of g into which there is any up-scattering, taking into account
all compositions. Then we set

(+1) _ (1)
¢g xg




for 1 < g <g. Then, for g < g <G, we have the iteration procedure

-y (& - S +
T S ] o HED L R
£8 g« & eghg & g =1 £

(c.13)

G =
1 g g, (M) =
+ =
o L EE

Each matrix A is an I x I tridiagonal matrix to which we apply a slightly
modified Choleski a1gorithm3 to solve each matrix equation defined by

Eq. (b.42) or (b.44). In discussing this algorithm, we shall drop the
group index g. Thus our problem is to find the solution x to the linear

system
At fy (cri)

where A has the form

o) O

B € %

B 5

O on

=

with e > 03 a; > 0, and c; > 0. The matrix A is factored into the
product of a lower and an upper triangular matrix A = LU. Letting
w = Ux, we can write the system Ax = f as

o = £, (c.15)
Ux

The matrix U has the form
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Lidsary (c.16)

“Y1-1

O 1

e : x I -
and the elements {Yi}Li are stored. The sequence {w;};_; 1s found each
time a new f is given. The sequences Y; and w; can be generated in the

following way:

o
It $

Wi = e e e - W EorSit = e (c.17)

1 sl 3 g, SRS

The sequence {wi} can then be found from

A L ()

_1 .
i A s e LTl s I T L (c.18)
il 168 e SR eE R

Since the sequence Yi is stored rather than e, We would rather generate

wy from
Y1 Yi ;

u.\l:a—l‘fl, wi=-a—;[fi+ciwi‘l], =2, s 3Sh e anl (c.19)

with ar = 1 and
i

T .

e
However, if i, is a black cell, then a. =:0i=lc. = am. v Thus

0 10-1 10 1y

yio_l = YiO = 0 and Eq. (b.50) will yield an indeterminant form. Moreover,
the solution of Ux = w, that is, the backward sweep, is given by

Xp = op X5 T Wyt oYX, ForSiv=w] TSRS S (c.2¢)




This algorithm is valid for black cells, i.e., for LT Dads PR 0.

0 0
Thus, we shall use Eq. (c.19) if a; # 0, and Eq. (c.18) if . 0. This
means we have to store {ei:ai = 0}.

The outer iterations are terminated when the following criteria are

satisfied:
G I
(mEL) e im)
ggl §=1 g o - % o |
<e, (c.21)
11 $
¢
g=1i=1 18
s e (c.22)
S L P (c.23)
i : 5D S sl A
—(n+ +
D - Pl B S i 5 ) (c.20)
i,g i,g

and the extrema are taken over those elements ¢i(né such that ¢i(n; > ¢ng!L’
’ 2

where ¢ngJL is some input factor times the quantity

Thus, if the ratio of the flux o5 g at any point i and group g to the root
’
mean square flux is less than the input factor, then o5 g is not used in
’

calculating X and A.
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The inner iterations are not accelerated because the gain would
i i i nts.
not warrant the additional coding complexity and storage requlreme:
The outer iterations are accelerated by means of three-term Chebyshev

extrapolation. . '
As we have seen, the outer iterations consist of the power iterates

6™1) gefined by

fmag) s i (m) (c225)
‘i’ kTﬁTT‘? )

where T = E'lF. (This is true if no up-scattering is present; the matrix

il

E™* must be modified if up-scattering is present.) If we make the standard

assumption that the eigenvalues of T are real, we can apply the usual three-
term extrapolation procedure. lLet the eigenvalues of T be denoted by

A2 Ay 22 A, Leto = AZ/Al, and suppose the ratios )‘j/)‘l lie 3m

1 2
the interval [a,0]. The iterates then have the form

AR A
(m)2 1 2
¢ S P B 05 ¥ ey (c.26)
S50 £
j=0 j=0

where uj is the eigenvector associated with A.. For the sake of simplicity,
all eigenvalues are assumed simple. If we assume that the estimates k(n)
have converged, then Eq. (c.26) takes the form

oy oo, toa, (c.27)
where o is the dominance ratio.

If we apply a polynominal Qp in T/>\1 to this iterate, we obtain

Qp(T/A1)¢(n) = ajQ(1) uy + 05Q (@)u, + . . (c.28)




To preserve convergence, we would choose Qp(l) = constant, taken to be
one, and to accelerate convergence, choose Qp(x) to be minimal in modulus
over [a,0] among all polynominals of degree p. As shown in Ref. 2, Qp

then has the form
2xi=ia ~.a
[ 252

%(x;c;a) = —_— (c.29)
C -9 - a
P gEa
where C p(y) is the Chebyshev polynomial of degree p defined by
Cp(y) = cosh p cosh™! wefory > 1. (c.30)

Since the polynomials C_ satisfy a three-term recursive relation, the
polynomials Q b satisfy the relation

Q) = Q1 () + ay(x - 1) Qg+ BQy - Qg (c.31)
where % and Bp are defined by
a = - ’ 4
Z2i—io-— q
B, =03 .
o 4 cosh (p - Dy g g (c.32)

P 6-a cosh py
. [1 - o+ a)]ap,

for p > 2,

-
o+

w
n

and where cosh y = o

oc-a
Thus, to apply an extrapolation of order p starting with the iterate
¢(n) , we proceed as follows.
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o % n) d
We wish to find ¢(n+p) = Qp (T/Al;o,a)¢( . Suppose we have foun

$(n+q-1) for 1< q <p. Then we define

N
~ 1
5y ¢(n+q) _ : an - ¢(n+q )
1 Iqb(“*q) ¢(“+q))
.
e e (cp(mq) java-1)
(n+q)
o) T . ; A0 o L8 ) (c.33)
i,g ¢(n+q 1)
i,g
$§n+q-1)
aQ E(n+q) 2 ,g 1,8
; (f I o
g=1 i=1 8
=

Then,

pm+a) - 3,(n+q-1) - o <¢(n+q) % g(n+q-1)) 1 Bq ($(n+q-1) 2 $(n+q-25) .

(c.34)

With $(n) = ¢(n)’ the above relations hold for q > 1. Since, in practice,
k(n) # Al, we are not performing the stationary process described by
Eq. (c.28). In addition to the above quantities, we form

c(n+a+1)

n,q nF L for q > 2. (c.55)

For a successful application of the extrapolation procedure, two
conditions must be met:

S

and ii) an accurate estimate of o must be known.
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Neither condition is met until the problem has converged; however, the
sequence k(n) converges at a faster rate than do the fluxes ¢(n). Thus,
condition (i) is met quite early in the iteration procedure.

An accurate estimate o = >\2/>\1 is also impossible until the later
stages of convergence. Rather than continually trying to estimate o
by some direct means, we have adopted the method, used in the PDQ programs,
of estimating o from the results of previous extrapolations; i.e., we use
the updating mf.-':thod.4 First an initial estimate of o is computed under
the assumption that k™ 2 A;- From Eq. (c.26),

(n+1)
o o
'—('j—e T =g . (c.36)
¢
Equation (c.36) provides an initial estimate; later in the iteration proce-
dure, it provides estimates when circumstances dictate its use.
Now suppose that we have an estimate ¢ for ¢ and that we have performed
(n)
that this cycle was followed by one unextrapolated iteration so that we
have the flux ¢(n+p+1) at our disposal. From Eq. (c.28), we see that the
quantity En p defined by Eq. (c.35) has the following approximate value:
’

an extrapolation cycle of order p on the flux ¢ In addition, suppose

e(“"’P*D »
En’p T ) = Qp(o;E;a). (c.37)
=

Now, if our estimate ¢ is equal to the theoretical value o, then our accelera-
tion is optimal for this method and the error reduction ratio is given by

B L
% i n N

oL A Sl

p<'5-a

where Cp(x) is the Chebyshev polynomial of degree p.

Qp(E:B':a) = (c.38)

Thus the first thing we do is to compare the actual error-reduction ratio,

Erl p’ with the optimal one; i.e., we make the following test:
3



il (c.39)

If this test is satisfied, we keep 5. If this test is not satisfied and

i i 0. i ion rests
< 1, then o is too low and we re-estimate 0. This conclusion

E .
e k(n) N )\1 and that the error reduction ratio

heavily on the assumption that

B is an accurate estimate of the theoretical error reduction factor
n,p i ; :
involved when T is an incorrect estimate for the true o. Thus, if these

assumptions are satisfied, we obtain a new estimate for o by solving the

following equation for ¢”:
= o (c.40)
By p = Q07552
The new estimate ¢~ is then given by
S 1 a1)
o——2-(0+a)+(3—a)cosh5§2 . fic:

where @ = cosh'l [En P cosh py], and vy is defined by
’

Y= cosh™1 —2;0 = a\
o -a
/

It has been shown in Ref. 4 that 1 < ¢ < o.

In order to discuss how the extrapolation is performed, we must define
the following integer input parameters:

() N - the number of unextrapolated iterations to be performed

start
at the start before testing whether or not to extrapolate;
(i1) Ntest - the number of extrapolated iterations to be performed in

an extrapolation sequence before deciding whether the extrapola-
tions are effective;

(iii) Next - the maximum number of extrapolated iterations permitted
in an extrapolation sequence;
(iv) Nunext - the number of unextrapolated iterations to be performed

following one extrapolation sequence before deciding whether to
begin another.

We can now describe the procedure used in applying Chebyshev extrapolation
to the outer iterations.
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At the start of the iterations, Nstart unextrapolated iterations are

performed. Then the following two tests are made:

@) _, (n+1)
—T(ﬁr .5 5 (c742)
and
{ai) o(n+1) <5

Each of the quantities on the left is a measure of the rate of convergence.
If neither of these tests is satisfied, another unextrapolated iteration
is performed and the test is repeated.

If, on the other hand, either test is satisfied, we test c(n 1)

If this test is satisfied the iterations are diverging, and extrapolation
is not attempted. If this test is satisfied on twelve successive itera-

tions, execution is terminated. However, if this test is not satisfied,

=(n+1)

an extrapolation sequence is begun with o as the estimate for o.

Suppose the extrapolation sequence has begun with the nth iteration.
N extrapolated iterations will be performed, and the effectiveness of

test
the iterations will then be tested. This test will occur after every

effective extrapolated iteration until N extrapolated iterations have

ext

been performed. At this point, at least Nunext

will be performed before deciding whether to embamk on another extrapola-

unextrapolated iterations

tion sequence.
We can now discuss the effectiveness test more fully. Again, suppose
the iteration count is n+p, such that p extrapolated iterations have been

performed, where p > N Moreover, let o denote the estimate for o.

test®
The following test is then made:

=p-1
En’p_1 <o . (c.43)
Recall that E n,p-1 is an indicator of the error reduction in this cycle
of length (p-1) which started at the nth iteration. Hence, the above test
is an attempt to ascertain whether this cycle was at least as effective
as a cycle of unextrapolated iterations having the same length. If this

test is failed, the extrapolation sequence is ended and N unextrapo-

unext
lated iterations are performed. A new estimate for o is obtained using
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T as defined in Eq. (c.34) over the set of unextrapolated iterations.

A decision is then made as to whether to try another extrapolation cycle.
However, if the test (c.43) is satisfied, a further test is then

made on the convergence of the iterates k(n). If these have not converged,

we will be satisfied with the current estimate for o, provided that the

sequence of length p was at least as effective as p+1 unextrapolated

iterations would have been. If it was not as effective, the extrapolation

sequence is ended and N unextrapolated iterations are performed. A

unext =k
new estimate of o is obtained using o over this set.

If the iterates k@ are converged, we test the error reduction
factor En’ o against the theoretical error reduction factor as in (c.39).
If this test is satisfied, the estimate for o is retained and extrapola-
tion is continued, unless, of course, Next extrapolated iterations have

been performed in the sequence, in which case N unextrapolated

iterations will be performed and a new cycle wiggegz started using the
same estimate for o. If the error reduction factor does not satisfy the
test (c.39), a new estimate o~ for the dominance ratio o will be sought
according to Eq. (c.41). This new estimate will be used in the next

extrapolation sequence, which will be begun after N

B unextrapolated

iterations have been performed.

It should be noted that estimates for o, however they arise, are
never used if they exceed 0.99995. If they do exceed this number, then
it is this number that is used for o in the extrapolation sequence.

d. The Solution of the Adjoint keff Calculation

In the adjoint keff calculation, we wish to find the solution ¢*
and the corresponding keff for the equation adjoint to Eq. (c.9),

E*¢* = % F* ¢*, (d.1)

where E* and F* denote the adjoint or transposed matrices of E and F,

respectively. They are defined as follows.
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& -
*
N AR
21 % 26
* - -
T S T (d.2)
-p61 B2, ... A;

If only black compositions were present, a; g s 11 g’ so that the
3
matrices Ag would be symmetric in that case. ’
F11 F12 ., ,FlG
*
) el el calbesal o d.3)
. g ) PP

*
Since the matrix E is heavily upper triangular and the iteration
algorithms are designed for a lower-triangular matrix, we reorder the
adjoint flux during the equation by defining

v (d.4)

A = ¢*_ =

il TGl .
When the indices of the matrix elements are reordered in this manner,
the calculation can proceed exactly as in the real keff calculation. At
the end of the calculation, the flux vector is reordered to obtain the

adjoint flux in its standard ordering.

€. The Solution of the Source Calculation

Source calculations arise from the presence of an inhomogeneous source
density distribution, from the presence of inhomogeneous boundary conditions,
or from both. A source calculation can be performed with either the real
or the adjoint matrices arising from the finite approximation to the multi-
group diffusion equations; for the adjoint case, the matrices and the
resulting fluxes are reordered by group as described in section d. above.
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Fixed external source can be input either by mesh interval and group

or by mesh interval alone, to be distributed over groups in each interval
For the case of a real problem with a
=i is th
e Si’ where c 1s the
For a real problem

using a fission density weighting.

x-vector, the weighting is accomplished as Si,g

fissionable composition assigned to mesh interval i.

. 1 2'g

with a y-matrix, the distributed source is Si,g = <C Z—l X ) S;. For
an adjoint problem, g

)8

. (v cf)c

1,8 -

,Z (veop)t

g=1

For the fixed external source, we wish to find the corresponding
flux; thus, in the notation of Eqs. (c.7)-(c.9), we must solve the equation

(ERSLEHIma= ST, (e.1)

where p is a specified constant which ensures that the reactor in the
absence of any source is subcritical. Since matrix F can be redefined,
it is sufficient to consider the case in which p = 1.

Since, by our assumption, the largest eigenvalue of E-lF is less
than one, (B-F) L = (1-8"1p"1 g1
since both E1

elements are nonpositive; hence we can employ any iterative method derived

exists. Moreover, it is non-negative,

and E'lF are non-negative. In addition, the off-diagonal

from a regular split‘cing2 of E-F. Let A = E-F; then a decomposition
A = M-N is called a regular splitting of A if matrices M and N satisfy
the condition N > 0, M1 exists, and M'l > 0. The iterative process for
solving a system Ax = f generated by a regular splitting A = M-N is
defined by (D) ™ 4 f. Note that the splitting A = E-F is a
regular splitting of A and from the above discussion A > 0.

The following result is valid for regular splittings (Ref. 2, Theorem
3.13, pg 89). Let p(T) denote the spectral radius of any matrix T. Let
A = M-N be a regular splitting of A and suppose A_1 > 0; then




From this result we see that if A = M N. = M2 N are two regular
splittings with N1 > NZ’ then p(‘M1 1) > p(leNz) Hence the asymptotic
rate of convergence of the iterative process generated by the splitting
M2 N is not less than that generated by the splitting M N1 To this
end, the following splitting is used in the source calculatlon:

E-F = (E-F) - Fj

= 3
E O
12
E-F =[-8 +F12)A2
(BlG+F1G) o 5 A
- -

The matrix FU is the remaining upper triangular portion of the matrix F.
Note that FU is not strictly upper triangular. Hence the basic iteration
scheme is defined by

Ag¢én+l) ) B8 8 + Fg’g)q,él}ﬂ) R @8 4 Fg’g)d,ér}) 8
g <g g28
(e.3)
The tridiagonal matrix A_is inverted by the standard Choleski method
used in the k-effective calculation.

Successive block over-relaxation is not used to accelerate the source
calculations for the following reason. The block J§cobi matrix D_l(L + U)
of this splitting is pr:imitive2 for G > 2, since F& & 5 0 for g” # g. Thus
the optimal .over-relaxation factor is not given by the relation

| s i (e.4)

opt
115 1-r2

49



; . . 5
which is valid for consistently ordered two cyclic Jacobi matrices, where
r is the spectral radius of the Jacobi matrix. Without some such relation-

ship or procedure for estimating the optimal factor, the method of succes-

sive over-relaxation loses a great deal of its effectiveness.

For this reason, an alternative acceleration procedure is provided for
source calculations. Recall that in terms of the block Gauss-Seidel
splitting E - F= (D - L) - U, the basic iterative procedure can be written

in the form
J@ D) p@ | ¢ (e.5)

where R = (D - D lvmidf= (- L)-IS. If it is assumed that the matrix
R has only real eigenvalues, then Chebyshev acceleration can be applied to
the above procedure.2 Suppose that the eigenvalues lie in the interval
[a,\], where |a| < A < 1. Suppose that beginning with ¢(n) we wish to
accelerate the sequence of iterates. If & denotes the extrapolated flux,

the procedure can be represented in the form
pOVR) 2 gD (¢(n+p) : ;(n+p-1))‘+ Bp<§(“+p'l) _ g(n+p-2§_
(e.6)

The coefficients o_ and B_ are defined just as they were in Eq. (c.32),
except that now the estimate A for the largest eigenvalue in modulus of
R replaces the estimate for the dominance ratio o of the matrix T.
Note that the umextrapolated flux ¢(n+p) is defined by

¢@*P) - gD L ¢ g D, (e.7)
with @(n) = ¢(n). Again, just as in the power iteration case, the
estimation of acceleration parameters is the most important aspect of
the procedure. In this case the relevant parameter is the estimate A
of the largest eigenvalue of R. The other parameter, a, is an input
quantity. We use the same technique that is used in the power iteration

case for estimating and updating the estimate of the largest eigenvalue
of R.




f. Output Edits

The edits which may be provided by this module are divided into
three categories: input, iteration history, and output.

(1) Input
This section first gives the general specifications of the problem

from data sets A.DIF1D and SP.CICN, as follows:
the calculation type (K-EFF or SOURCE) and problem type (REAL, ADJOINT,
or BOTH) ;
the u = l/kfixed factor for a source calculation;
the kinetics option type* (no kinetics option, delayed data for a
source calculation, or delayed data for an alpha calculation);
the maximum number of outer iterations, NMAX;
the extrapolation type (no extrapolation, Chebyshev extrapolation, or
successive over-relaxation);
the number of unextrapolated iterations to be done before attempting
to extrapolate, NSTART;
the minimum number of iterations to be done in an extrapolation sequence,
NITEST3
the maximum number of iterations to be done in an extrapolation sequence,
NEXT, for Chebyshev extrapolation (not applicable to SOR);
the maximum number of unextrapolated iterations to be done after one
extrapolation sequence before beginning another, NUNEXT;
the interval shift factor for Chebyshev extrapolations,a;
the convergence criteria €1 (for a k-effective calculation), e¢, and €5
the ratio of flux to root mean square flux below which fluxes will be
neglected in computing % and A, FLXMON;
the number of iterations after which the flux data set will be written
for the restart option, NRST, and the increment to be used in this
number thereafter, NRSTI;
the maximum number of upscattering iterations, IMAX, and the upscattering
iteration convergence criterion eg, if upscattering iterations are defined;
the power normalization factor for burnup (watts), PO’ if one is defined;

* .

The two kinetics options are not available, although some provision has been
made for them in the module, because the input data needed has not been
defined. Hence, these options are not discussed here.




and the amount of storage allocation for POINTR arrays, in number of R*8
words in core and number in bulk storage. (After the first time a problem
is Tun, these values can be determined from the printed output; their sum
should be the maximum of the amounts of storage needed for the input,
calculation, and output sections).

Following this general information, an edit of the geometry data
from data set GEOM is given. The geometry type (CYLINDER, SPHERE,
RECTANGULAR SLAB, or CYLINDRICAL SLAB) is printed, along with a table
including the locations of mesh lines, the length and volume of each
mesh interval, and the names of the region and composition corresponding
to each interval. A second table, by regions, gives the name of each
region; the name of the composition assigned to it; the buckling, actual
half height, and extrapolation distance in each finite direction defined;
and the physical region volume.

The next edit displays the boundary and interface condition types
and constants from data set BC by mesh line location and number. A
negative mesh line number indicates the condition is defined on the left
of that line; a positive number indicates that it is defined on the right.

The fourth section consists of a display of the group-dependent
macroscopic cross-section data for each composition defined. The fission
spectrum x, if present as a matrix, appears in a separate table; the
scattering cross section from g into g appears in the final table.

If external source data has been defined, it is then displayed by
mesh interval and group.

Following the input section, the amount of POINTR storage used
in core and in bulk, in R*8 words, is printed.

(ii) Iteration history

First the amount of POINTR storage required for the calculation
section, in core and in bulk, is printed.

Two lines of output are then printed for each outer iteration:
these differ slightly depending on the calculation type. For a keff
calculation, the following measures of convergence are printed on the
first line:




and
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ITER NO, the outer iteration number, n;

(n)
KEFF, k(2
()5 gl
DI W) BV K §
() o (n-1)
LAM UPPER, X%/ - Max <—(-&171’ , where ¢;" ) > NGIL FLUX;
e il
(n) ain [ 44 (n-1)
o) B 1. n-1 3
LAM LOWER, A = ,g ¢ o ), where ¢i,g > NGL FLUX;
i,g
DIF LaM, *(™ ., (),
£~ 1 (n )
i1 e
DIF FLUX, &L 271 ;
o
&
o=l

2
B ] ™)
BUdel - L e £t m A DID input quantity, FLXMON.
1.G

NGL FLUX, &

On the second line, the following acceleration parameters are given:

P, the Chebyshev extrapolation iteration counter (when P < 0, it is a
count of the number of unextrapolated iterations to be done before
attempting an extrapolation sequence; when P > 0, it is the degree
P of the Chebyshev polynomial);

SIGMA, the estimate for the dominance ratio, o;

ENPM1, the theoretical error-reduction factor E}gl_l)l :

SIGMA BAR, the estimate of the convergence rate, o;

x(n) ¥ )‘(n)

Xn-l _)\n-l) 4

LAM RAT,




ALPHA, the Chebyshev acceleration parameter a;
and BETA, the Chebyshev acceleration parameter B.
For a source calculation, the first line contains the following:
ITER, the outer iteration number, n;
GROUP, the number of the group g in which DIF FLUX occurred;

(n)
O} =
LAM UPPER, T = = <_1(r'IE’1T>’ where ¢i(“g1) > NGL FLUX;
’ ¢i ’
g
(n)

i n-1 1
LAM LOWER, A = s <J(I§—1ﬁ, where ¢i(’g ) > NGL FLUX;
¢i,g

DIF LM, X -0

DIF FLUX,

G
o
sleesly(oril)
——--5——— , where § is an A.DIF1D input quantity, FLXMON.
e

and NGL FLUX, ¢

o)

On the second line, the same acceleration parameters as for a keff

calculation are given for a problem using no acceleration or Chebyshev

accleration. For a problem using successive over-relaxation to accelerate,
the parameters given on the second line are

P, the SOR extrapolation iteration counter;

ENPM1, the theoretical error-reduction factor, Ep(ar-l)l 5

SIGMA BAR, the estimate of the convergence rate, o

T W

LAM RATIO —(1’%:1_’(5__)_ :
; x(n-1 ion (=l

and EXTRAP PARAM, the SOR acceleration parameter, w.




(iii) Output

First the amount of POINTR storage required for the output section,
in R*8 words in core and in bulk, is printed.

This module provides four basic categories of output inventories,
all based on macroscopic cross sections. These major categories are
flux integrals, fission integrals, power calculations, and balances.

All inventories are based on weighted integrals of the flux as a
function of three spatial variables, depending on the geametry type,
and one energy variable, with the integrals extending over the physical
dimensions of the reactor.

In conjunction with the derivation of the finite difference coeffi-
cients, the following shapes were assumed for the flux in each of the
four geometries:

a) sphere ¢(p,0,4) = ¢(p) ;

b) cylinder ¢(p,z,0) = ¢(p) cos 7—;_11—2 for a finite reactor
T

or ¢(p,z,8) = ¢(p) for an infinite reactor,

c) rectangular slab ¢(x,y,z) = ¢(x) cos 2_;1TL cos =% for a finite
Tyl r,2 rectangular
parallelepiped
or ¢(X,y,z) = ¢(x) cos ZT-IL- for a finite
£, column
»
or ¢(x,y,z) = ¢(x) for an infinite
reactor;
d) cylindrical slab ¢(p,z,0) = ¢(z) J0 g_p ) for a finite
1 reactor
or ¢(p,z,0) = ¢(z) for an infinite
reactor.

Consider any macroscopic cross section cg(r), where r denotes a
particular region in the reactor. Using cylindrical geometry as an example,
a typical inventory I g might involve the numerical approximation to the

’

following integral:

55



2m | (H;)
f ‘[ f L't &) ¢ (p) cos _Z'IT-}—Z dz depdp
- g
per -0 (HL)r T

(H,)
=f o8 (1) ¢g(p)f Loy cos% dz | 2mp dp
pET =l

L)r

= f oB(x) ¢,(p) W, 2mp dp
pET

AW o®(r) J o () Vi
g fep B S

where Wr is the integration weighting factor and Vi is the volume element
corresponding to cylindrical geometry. Also for cylindrical geometry, the
physical volume Vr of region r is defined as the approximation of the
region integral, as follows:

i = (058
Vr=j j j eredzpdp
per ~ 0 -(HL)r

j 2(,) . (27odp)

per

e

2(Hp), _Z v
D E{2ir

For each geometry type, then, the following table gives the values
used for the volume elements V;» the integration weighting factors Wr,
and the physical volumes Vr'




Geometry v_l »_VL V—r-
Sphere Ami =S oS
7 (Riyq - By 3 1§r '
Cylinder
4 H m(H,)
o 2 2 T L'r
finite T(R{, - R)) === sl = 2(dy) z i
T ier
L 2 2
infinite LG R;) 1 1%1‘ V.
Rectangular Slab
4 H w(H ) 4 H m(H)
rectangular = - Tl L . Lir,2
(e i A, = Xy g - Xy ( == sin > ( sin — o (Z(HL)r,l) (2 (HL)r,Z)in v,
4 H m(H; )
rectangular i X el Jiir, 1
colum dmer A B 2 (HL)r,l in Vi
3
infinite slab  oX, = X;,1 - X 1y LY
Cylindrical Slab (RL)r R a(RL)r 2
finite T‘Azi = 1‘(Zi+1'zi) o Jl Rr (RL) 121’ 1
infinite maZ; = m(Z;,17Z5) 1 izr Vi
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Here, (HL)r, (HL)r,l’ and (HL)r,Z denote the physical half-heigh?s of
region r in cylindrical and rectangular slab geometries, respectively,
and (RL)r denotes the physical radius of region r in cylindrical slab
geometry. H, Hr,l’ and Hr,Z denote extrapolated half-heights, and Rr
denotes the extrapolated radius, correspondingly.

We can now display the calculations made in each of the four inventory

categories. Flux integrals computed are of the following types:

a) real or adjoint regional flux integrals by group, ¢r,g = Wr e ¢i,g Vi;

]
b) real or adjoint regional flux averages by group, 5} g = -%}ﬂi :
: T
c) real power-normalized regional flux averages
by group, if input power factor P, in watts F = [ » 3.1 =510
0 r’g r)g

is present,

For a k-effective calculation, all of these quantities as well as the
scalar flux b5 g by interval and group are normalized to one fission in the
bl
reactor. The normalization factor N by which all are divided is

R
N = (op) [0}
g:l r=1 fC(r) r,g g
where c(r) is the composition assigned to region r. For a source calculation,
no normalization of this type is performed.
Two fission integrals by interval and group are computed. They are
a) fission density:

G - -
i) fdo 1 x-matrix FD. = g8 i :
) T real y-matrix D1,g W gZ=1XC(r) (v cf)c(r) ¢i,g’ :

L[}

G -
ii) for real y-vector FD. W & g )8 ;
) el T 1,8 r Xc(r) gz=£v Gf)c(r) ¢i,g’ 2

iii) for adjoint y-matrix FDi = Wr (veo

’ =

g g gg
£)¢(r) gZ L Xe@ 4,7

iv) for adjoint y-vector FDi = Wr (veo

g § g
, £e(r) gZ=l Xe(r) %i,g
(For a source calculation, FDi g is multiplied by the scaling

’
factor i = l/kfixed')
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and

b) fission source: FS . Vi A

. = FD.
1lg 1’g
On option, the following power calculations are performed:

G
a) average power by intervals Fi = JW

A t,g  CPlw

b) maximum average power over intervals mziax [Fi] -
min [

3 P :

c) minimum average power over intervals i

d) power by regions P_= ] P. vy

e) maximum power over regions

f) minimum power over regions T JE] :

T T
B

g) average power by regions P'r e -
Vr
R

h) total power Py = ) P,
=1

The balance calculations by region and group consist of a leakage
term, including D-BZ; a removal term, including %, where o is the inverse
reactor time period and v is the neutron speed by, group; a scattering
source term; a fission source term; and, for source calculations, an
external source term, as well as the total balance term. The current
across region interfaces and the average fission source by region and
group are also computed. In addition, each of the balance terms is
displayed summed over regions by group, over groups by region, and over
the reactor.

The leakage term is defined as

Lr

=wr z Li

»8 ier 18 g

where the total leakage in a given mesh cell, Li g’ is defined as
’

o 2 2
Li g™ Ligrn* Ligr * Poci) Breay,1 * Breay,? % Vi o




if buckling is defined, and simply

. = " + L.
Lt g =7k o1 SabigR

R EN IS ST

The leakages on the right and left of the cell, L. R and L. L’
r e l,g I’g
are defined as follows for the condition of continuity of flux and

current:
s D8 iy Decien) Wiv g ™ %1, Air
78 By * 7 % D
N . D8 gy iy 5 - 9i-1.0) Air
s +Lax, DB
e i o)) e lE =G ()

For a boundary condition of the form A¢” + B¢ = C, these quantities

become £
O
1,8R P e K, B
2=t
2 Doy @bp = O Ay
and L. = .
1,8l A+ 2 AX. B
it
Here A, 4, are the area terms to the left and right of mesh line i,
R il

L
and are geometry-dependent, as defined in section b.

The current at a region boundary r (where there are R + 1 region
boundaries, including the exterior reactor boundaries), is calculated
similarly. If region boundary r falls on mesh line i, the current given
is that on the right-hand side of mesh line i:

i ey Dg(i) D%(iﬂ) ($541,0 = 95,0
1,8 1 : \
Z Axi D(g:(i+1) ] il AX:'L+1 Dg(l)




for the condition of continuity of flux and current, or

Cen Hap CE By )
1’gR 1
A+ ol AXi B

for a boundary condition of the form A¢” + B¢ = C.

The only exception is the left reactor boundary, on the mesh line
i =1. In this case, the negative of the current on the left-hand side
of the mesh line is used:

T S Dg(l) (B¢1;g i
Lg A+ % aX; B

The removal contribution to the balance is simply

= g {5
Rr,g (UR)c(r) i Vg Cl>r,g ?

where o is the inverse reactor time period, if present, and vg is the
neutron speed corresponding to group g.
The scattering source contribution to the balance is defined as

»

The fission source contribution by region and group is based on the
fission source term by interval and group computed previously;

% = FS.
T,8 in ig

From this, the average fission source by region and group is obtained

FSr

The average fission source is displayed only by region and group; it is not
summed over regions, over groups, or over the reactor.
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The external source contribution, present only for a source calcula-

tion, is defined as

Esr,g - Wr igr (Sext)i,g Vi 2
where Sext is the external source by interval and group.

The balance term Br g is then calculated simply as

’

1L
B. = -1L - R + SS g FS
r,g r,g r,g r,g Eeff r,g
for a keff calculation, or
B = - L - R +555 + FS ERES
r,g r,g r,g r,g r,g r,g

for a source calculation.

As mentioned, balance totals by region, by group, and over the

reactor are then displayed.
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3, DIF1D (NUC002) Description of Module Flow

This section defines the overlay structure of this module and the flow
of logic through the subprograms which form the module.

Section a, consists of an overlay structure diagram, showing the ARC
System segments and DIF1D module segments required by this module and their
positions in the overlay heirarchy. This is followed by a list of the sub-
programs located in each DIF1D module segment, in alphabetical order.

Section b, 1llustrates the flow of logic through the subprograms of this
module, and section c. describes this flow in terms of the module's functions.
Calls to PAGHED, the subroutine which prints the page heading, and ERRMSG,
the subroutine which prints error messages, are not indicated, nor are calls
to subroutines or entry points which are part of the ARC System utility routines,
such as POINTR and SNIFF.




a.  DIF1D (NUC002)

Overlay Structure

Diagram

D1DDRV
D1DCL1
D1DCL2
SYSTEM
LINK
LOAD
BPOINTER
SQUEZE
IBCOM

DIFOLY

D1DING
DI1DINC
DIDINF

D1DOT1
D1DOT2
D1DOT3

18

D1DCAL
D1DSRC

CONOLY
D1DFDC

Subprograms contained in each DIF1D (NUC00Z) module segment

D1DDRV D1DCL1 D1DCL2 D1DING D1DINC

DIF1D CELCAL IBAL D1DIN DIMSCT

Main ERRMSG IBFJ1 PRTBC GETQHI
GETBND IPHVOL RBLACK PCKSCT
IAREA PGEOM RBNDC RCOMP
IVOL PCOMP RCDEP * RDELAY
PAGHED WIPE RGEOM RGROUP

RVMESH RVEL
STORBC

D1DINF D1DOT1 D1DOT2 D1DOT3 D1DCAL

RDIST D1DOUT EXTCAL BALCAL CHEB

FLUX FLIP FISCAL SUMCAL DACOSH

RSORC FVCAL LKCAL TWODCR D1DCAL
NRMCAL PWRCAL TWODFL FLXIN

REMCAL TWODPR INVERT
SCTCAL

D1DSRC D1DFDC D1DKEF

INDOT1 FDCGEN IFSRC

INDOT2 FDC1D INDOUT

ISOURC REORDR ISUBS

ISSUBS ISWEEP

ISSWEP ITSRC

SOUTER KEFCAL

SRCCAL OUTERS

WFLX
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b. Diagrammatic Subprogram Logic Flow
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b. Diagrammatic Subprogram Logic Flow (Contd.)
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b.

Diagrammatic Subprogram Logic Flow (Contd.)
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C. Descriptive Subprogram Logic Flow

The main program of module DIFID (NUC002) is entered by execution of a
LINK command in a path or module. It calls subroutine DIF1D, which first
calls DIDIN to perform input of all data sets needed for execution of the
module.

DIDIN first calls RCDEP, which inputs module-dependent data from data
set A.DIF1D and module-independent data from SP.CICN. If black composition
data (card type 07 in A.DIF1D) are present, RBLACK is called to read these
data.

DIDIN then calls RGEOM, which controls input of all geometry data from
data set GEOM. Reading of the first record of GEOM and setting up of all
arrays needed is accomplished in RGEOM, which then calls RMESH to read the
rest of the GEOM data and PGEOM to print out the data after they have been
read. The initialization call to CELCAL is also made by RGEOM, and CELCAL
in turn initializes functions IVOL and IPHVOL, among others, so that entry
points VOL and PHYVOL can be used by PGEQOM.

DI1DIN then calls RBNDC, which controls reading of the boundary condition
data from data set BC. The data are read in RBNDC, stored in the internal
array BNDC in subroutine STORBC, and printed out in subroutine PRTBC.

DIDIN then calls RCOMP to read composition data. RCOMP reads the first
record of data set XS.C.MIN, sets up all arrays needed, and calls GETCHI to
read the next record if there is a set-wide fission spectrum. It then calls
RDELAY to read data set XS.DELAY* if delayed neutrons are to be taken into
account for an alpha calculation, and then calls RGROUP once for each composi-
tion to read group-dependent data from XS.C.MIN. RCOMP then calls DIMSCT to
set up the position of the scattering terms in the scattering array, PCKSCT
to pack the scattering array by compositions, and PCOMP to print out the
composition-related data. Its final call is to RVEL, which reads group-
dependent neutron speeds from data set XS.ISO2 or XS.ISO for an alpha
calculation.

*This data set has not been defined.



DIDIN then calls RDIST, which controls reading of distributed data.
RDIST sets up all arrays needed for these data and calls RFLUX to read flux
input from either data set FR.D1 or data set FA.D1, depending on the problem
type. If the problem is a source calculation and if the external sourge is
due to delayed neutrons, RDIST calls RDELAY to read data set XS.DELAY. For
any source calculation, RDIST then calls RSORC to read the external fixed
source data from ES.DID and to distribute the source data using fission spec-
trum weighting if this option is specified.

Following the call to RDIST, DIDIN prints the amount of POINTR array
space required for the input section and packs the container arrays by calling
PURGE and PURGEB. It then returns control to DIFI1D.

DIF1D then calls to RDIST, which controls the calculation of the solu-
tion to the problem. DIDCAL first calls FDCGEN, which controls generation
of the finite-difference coefficients.

FDCGEN sets up the needed arrays and calls CELCAL to initialize routines
to be used. It then calls FDCID to control the calculation of the coeffi-
cients. FDCID calls entry point FDCCEL of CELCAL for each interval and group
to calculate the coefficients and the external inhomogeneous boundary terms,
if any. FDCID then completes calculation of these and related terms and re-
orders these arrays by groups if an adjoint problem is to be done. Then, if
this is an adjoint problem, FDCGEN calls REORDR to re-order other group-
dependent arrays before returning control to DIDCAL.

DIDCAL then determines if the problem is a k-effective calculation or a
source calculation: if the former, it calls KEFCAL, and if the latter, SRCCAL.

KEFCAL controls k-effective calculation. It first sets up necessary ar-
rays and prints the space required in POINTR arrays for the calculation sec-
tion. It then calls ISUBS to initialize subroutines and then transfers con-
trol to OUTERS. OUTERS controls the number of power iterations done and
writes FR.Dl or FA.Dl after a specified number of passes if this restart op-
tion has been specified. For every iteration, it calls SWEEP (entry in ISWEEP)
to perform the mesh sweep and ENDOUT (entry in INDOUT) to perform Chebyshev
acceleration if desired, to compute monitoring information, and to test for

convergence.

E3
This data set has not been defined.
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SWEEP calls FSRC (entry in IFSRC) to compute the fission source for every
point and group. Then, for each group, it calls TSRC (entry in ITSRC) to
compute the total source including scattering for each channel and INVERT to
perform a Choleski inversion of the resulting tri-diagonal matrix. After this
has been completed for all groups, SWEEP performs upscattering iterations, if
any, in the same manner, calling TSRC and INVERT.

ENDOUT calculates and prints monitoring information and performs Chebyshev
acceleration, if it is called for, by calling CHEB to obtain the Chebyshev
coefficients and then by modifying the flux appropriately. It also tests for
convergence and returns a flag to OUTERS, which returns control to DIDCAL and
then to subroutine DIF1D if the problem has converged or has exceeded the
maximum number of outer iterations and continues to another iteration if not.

SRCCAL, which controls source calculations, works in a similar fashion.
It sets up necessary arrays, prints the space required in POINTR arrays for
the calculation section, and initializes subroutines by calling ISSUBS. It
then calls SOUTER to control the source iterations. SOUTER also writes FR.D1
or FA.D1 after a specified number of passes if this option has been requested,
calling WFLX to write the second record. For each iteration, SOUTER calls
SSWEEP (entry in ISSWEP) to perform the mesh sweep by groups, and either
ENDOT1 (entry in INDOT1) or ENDOT2 (entry in INDOT2), depending on the type
of acceleration chosen, to perform acceleration if required, to compute
monitoring information, and to test for convergence.

For each group SSWEEP calls SOURCE (entry in ISOURC) to compute the total
source, including the scattering source, the fission source, the fixed external
source, and the external source due to inhomogeneous interface conditions, for
all mesh points in that group. It then calls INVERT to perform a Choleski
inversion of the resulting tri-diagonal matrix.

ENDOT1 is used by problems for which no acceleration or Chebyshev
acceleration has been specified; ENDOT2 is used by problems requiring successive
over-relaxation. ENDOT1 calls CHEB to obtain the Chebyshev coefficients, if
needed; ENDOT2 computes the extrapolation parameter internally, using the
function DACOSH. Either routine performs acceleration if desirable, computes
monitoring information, and tests for convergence. If the problem has converged,
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or if the maximum number of source iterations has been exceeded, control is
returned to SOUTER and thence to DIDCAL and subroutine DIF1D; otherwise, SOUTER

continues to another iteration.

Subroutine DIF1D then calls D1DOUT to control output of data sets and
printed output, if desired. DIDOUT purges the POINTR container arrays, sets
up necessary arrays, and prints the space required for the output section. It
calls CELCAL to initialize various routines used, It then calls FVCAL to
compute regional flux integrals and then NRMCAL. NRMCAL computes regional flux
averages and regional flux integrals power-normalized for burnup, if desired,
normalizes fluxes and flux-related terms for a k-effective calculation, calls
FISCAL to calculate fission density and fission source integrals by mesh
intervals and group, and then calls FLIP to re-order these quantities by group
if the problem is adjoint. NRMCAL then outputs data sets: FR.D1 or FA.D1 for
fluxes, FR.PN for a real problem for which power-normalization of fluxes for
burnup is specified, and FSR.D1 or FSA,D1 if fission source integral output is
requested. Then, if printing of these quantities has been specified, NRMCAL
prints all flux-related and fission-related quantities thus far computed,
utilizing printing routines TWODPR and TWODFL.

DIDOUT then returns control to subroutine DIF1D if further output is not
desired. If power-related terms are desired, DIDOUT calls PWRCAL to compute
and print them. DIDOUT then calls LKCAL, which computes the leakage contribution
to the balance equation (using entry LKCELL of CELCAL) and the current across
region interfaces (using entry CURCEL of CELCAL), and prints them by calling
TWODPR and TWODCR.

D1DOUT then calls REMCAL to compute the removal contribution to the balance
equation and print it using TWODPR; SCTCAL to compute the scattering source
contribution to the balance equation and print it using TWODPR; FISREG (entry
in FISCAL) to compute the fission source contribution to the balance calculation
and print it using TWODPR; and BALCAL to calculate the balance term and print
it using TWODPR, Finally, SUMCAL is called to sum all balance-related temms
over regions, over groups, and over the reactor, and to print these quantities.
Following this, control is returned to subroutine DIF1D.

J)
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If the problem being solved was either real or adjoint, this completes
the program. If the problem type was specified as both, however, WIPE is
called to remove output arrays from the POINTR containers and the containers
are purged. FLXIN is called to read a user-supplied flux guess for the adjoint
part of the calculation. If no adjoint flux guess is provided, the latest
real flux generation is used as the initial flux guess. DIDCAL and D1DOUT
are called again to perform the second (adjoint) calculation. Following
this, control is returned by subroutine DIF1D to the main program, which
calls FREE to free storage and then returns control to the program which
linked to the module.




4, DIF1D (NUC002) Subprogram Descriptions

This section contains descriptions of all subprograms which are part of
the DIF1D module. The descriptions appear in alphabetical order by subprogram
name.

Each subprogram description begins with a listing of the calling sequence
of the subprogram, and of its entry points, if any. Subsection 1 is a list of
the arguments of the subprogram and its entry points, in order of appearance,
with the type of each argument, its dimensions in the subprogram if it is an
array, and its definition or use. The four types of variables used are T2
denoting an integer halfword (16 bits); I*4, denoting an integer fullword (52
bits); R*4, denoting a floating-point fullword; and R*8, denoting a floating-
point doubleword (64 bits). Variables used as array dimensions are defined
either as arguments or as members of common blocks.

When the character "*'" appears as an argument, it indicates an optional
return to a statement number specified in the calling subprogram. See the
IBM FORTRAN manuals for further explanation.

Subsection 2 contains the names of all common blocks used by the subprogram,
Each is followed by a list of the variables actually used from the common block
within the subprogram, together with their types and definitions. The dimensions,

if any, follow the variable name in parentheses.

Exceptions to this are the /BLKSTR/ and /SINGLE/ common blocks. For each,
its presence is noted; for the /SINGLE/ block, the locations of variables used
are listed, together with their local names and definitions.

Subsection 3 contains a listing of important variables which are local
to the subprogram, in a format like that described for subsection 2.

Subsection 4 describes the functions performed by the subprogram in terms
of the overall purpose of the module,

Subsection 5 lists all subprograms called by the subprogram or any of its
entry points. Subsection 6 lists the subprograms which call the subprogram or




any of its entry points. Many of these subprograms are shared by the D1DSCH
module; when they are called from different subprograms in the two modules,
this fact is noted.

Subsection 7 describes error messages which can be generated by the
subprogram, together with the action taken.

More detailed explanations of the contents of common blocks, and of the
variable-dimensioned arrays stored in the large container array /BLKSTR/, can
be found in sections 5 and 6.
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Subroutine BALCAL (BLNC, LEAK, RMVL, SCAT, FISS, EXTS, RMAX)

1. Arguments

Name Type Dimension
BLNC R*8 RMAX*GMAX
LEAK R*8 RMAX*GMAX
RMVL R*8 RMAX*GMAX
SCAT R*8 RMAX*GMAX
FISS R*8 RMAX*GMAX
EXTS R*8 RMAX* GMAX
RMAX L4 --

2. Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)

Variables used from this common block

Balance by region and group

Leakage contribution to balance,
by region and group

Removal contribution to balance,
by region and group

Scattering source contribution to
balance, by region and group

Fission source contribution to
balance, by region and group

External source contribution to
balance, by region and group

Number of regions defined

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Name Local Name Definition

BLLCL) PROB Problem type 'REAL'
'ADJOINT'

FLT(2) KEFF keff for k-effective calculation

FLT(5) PROBT Calculation type 'K CALC'
'SOURCE'

INT(37) GMAX Number of groups defined




S. Local Variables

Name Type Definition

TITLE(9) R*8 Title for balance for TWODPR

ROWT R*8 'REGION' for row title for TWODPR

COLT R*8 'GROUP' for column title for TWODPR

SORC R*8 'SOURCE' for calculation type

ADJ R*8 'ADJOINT' for problem type

FIXK R*8 1'/keff for k-effective calculation
1. for source calculation

JPONE I*4 Problem type flag 0 - real
for TWODPR 2 - adjoint

4. Functions and tasks performed by this subroutine

This subroutine computes the balance term BLNC by region and group and
prints the results by calling TWODPR.
The balance term is computed as
BINC(R,G) = -LEAK(R,G) - RMVL(R,G) + SCAT(R,G) + FIXK*FISS(R,G)
for a k-effective calculation, where FIXK is 1'/keff'
For a source calculation, the balance term is
BINC(R,G) = -LEAK(R,G) - RMVL(R,G) + SCAT(R,G) + FIXK*FISS(R,G)
EXTS(R,G), where FIXK is 1., reflecting the fact that the scaling factor

u = 1‘/kfixed already appears in the fission source term.

+

5. Subprograms called by this subroutine

IGET (entry in POINTR)
TWODPR

6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None

T
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Subroutine CELCAL (REGMSH, OMPMSH, X, DX, BSQ, BNDC, DC, REM, FLUX, GGEOM,
RMAX, BOMAX, CMAX, IMAX)

Entry Points

Entry FDCCEL (AIG, CIG, EIG, BCIGL, BCIGR, I, G, IERR)
Entry LKCELL (FLUX, LIG, I, G, IERR)

Entry FLXCEL (FLUX, FIGL, FIGR, I, G, IERR)

Entry DERCEL (FLUX, DIGL, DIGR, I, G, IERR)

Entry CURCEL (FLUX, JIGL, JIGR, I, G, IERR)

Entry LKFACE (FLUX, LIGL, LIGR, I, G, IERR)

1. Arguments

Name Type Dimension Definition
REGMSH [+2 IMAX Region-to-mesh correspondence
CMPMSH T2 IMAX Composition-to-mesh correspondence
X R*8 IMAX+1 Mesh line locations
DX R*8 IMAX Mesh interval lengths
BSQ R*8 RMAX*2 Buckling B2 by region and direction
REGHHT R*8 RMAX*2 Region half-height (HL) by direction
BNDC {1*4} 8*BCMAX Boundary and interface iondition
R*4 descriptions and coefficients, where

the first four quantities for each
boundary are integers and the
second four are floating-point

quantities
DC R*8 CMAX*GMAX Diffusion coefficients D
REM R*8 CMAX*GMAX Removal cross section oR
FLUX R*8 IMAX*GMAX Fluxes by mesh interval and group
(FLX(1,1,NTH) in BLK array)
GGEOM R*8 -- Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'
RMAX I*4 = Number of regions defined




Name

IERR

AIG

CIG

EIG

BCIGL

LIG
FIGL

DIGL

DIGR

JIGL

LIGL

LIGR

Type Dimension

I*4 3

I*4 e
I*4 s
I*4 e
I*4 o
I*4 5

R*8 i

R*8 b2

R*8 4

R*8 =

R*8 3=
R*8 -~

R*S s

R*8 Ll

R*8 o

R*8 &

R%8 o

79

Definition

Number of boundary conditions
defined (NBCDEF)

Number of compositions defined
Number of mesh intervals defined

Mesh interval index

Group index
BNDC boundary 0 - boundary con-
condition error dition 1 or 2
flag specified
1 - boundary con-
dition 3

(general internal
interface con-
ditions) specified

Finite difference coefficient on right
of cell i,g

Finite difference coefficient on left
of cell i,g

Finite difference coefficient in
center of cell i,g

Source dye to inhomogeneous boundary
condition on right of cell i,g

Total leakage for cell i,g

Flux on left cell boundary for cell
ig

Derivative of flux on left boundary
for cell i,g

Derivative of flux on right
boundary for cell i,g

Current across right cell
boundary for cell i,g

Leakage across left cell
boundary for cell i,g

Leakage across right cell
boundary for cell i,g
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2,

Common Blocks

/GNAME/

Variables used from this common block

&1

Name

GEOM

Type
R*8

Local Variables

Name

REGNO
CQMPNO

IDUM

VOLI

DCIG

DCIP1G

DCIM1G

MIP1

Type
I*4

1#4
1*4

1*4

R*8
R*8
R*8

R*8

R*8

1*4

R*8

Definition

Geometry type (from GGEOM)

Definition

Region number corresponding to interval I
(from REGMSH)

Composition number corresponding to interval I,
I+1,orI -1 (from CMPMSH)

Dummy variable for initializing functions

Flag indicating entry 1~ EDEEEL:
point used 2 - LKGELL
5¥=rothers

Volume per unit height of cell I
Area of cell I on right
Area of cell I on left

Diffusion coefficient corresponding to I
(from DC)

Diffusion coefficient corresponding to
I 1 B am$DE)

Diffusion coefficient corresponding to
I -1 (from DC)

-(I+1), used to get right cell boundary
from VERBND

First coefficient of boundary condition
on specified mesh line, if one is defined
(from VERBND)




Name Type Definition

B R*8 Second coefficient of boundary condition
on specified mesh line, if one is defined
(from VERBND)

c R*8 Third coefficient of boundary condition
on specified mesh line, if one is defined
(from VERBND)

D R*8 Fourth coefficient of boundary condition
on specified mesh line, if one is defined
(from VERBND)

ITYPER I*4 Boundary condition 0 - continuity of flux
type on right cell and current
boundary 1-A¢" + By =C,

(from VERBND) where A = (Cl1,
B =C2,
and C =C3
2 - Al By =G,
where A = C1*DCIG,
B ~=i(2:
and C = C3*DCIG
- = 1
3 ¢i+1 A¢i + B¢i
1 s 1
b1 Loy S
where A = C1,
Bi.=407}
Co=iE3
and D =C4
»

TTYEEL 1*4 Boundary condition type on left cell
boundary (from VERBND)

DENOM R*8 Denominator of expression
(calculated as below)

DUM1 R*8 1./DENOM if DENOM = 0.; otherwise 0

DUM2 R*8 DUM1* appropriate diffusion coefficient

(see below)

4, Functions and tasks performed by this subroutine

CELCAL is the initialization entry; the program's functions are performed
by calling the appropriate entry point after initialization.
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This subroutine calculates various quantities associated with the oper-
ator -div(D-v¢) in one dimension, for a specified cell I and energy group G.
The calculations are based on linear approximations; i.e., three-point form-
ulas are used.

The geometries for which calculations can be performed are rectangular
slab, cylindrical slab, cylinder, and sphere. Volumes and areas associated
with these geometry types for each cell are computed in the separate sub-
programs IVOL and IAREA.

When the condition of continuity of flux and current across an inter-
face is applied, the finite difference coefficients are

g g
Doty Poreny AiR

a. =
1,8 il
i g 1
7 8% D) * 7 MK Ry
Dy -1 6
C. =
1,8 il 1
78% Dqy * 7 0% D)

and
e. = a, +c. + (o)., + D8 . (Bz : e ) \%
i,g i,g i, Re(t) " Teld) 1'r(i),1 "~ r(i) 201" 12
where buckling exists, or

ki g
Bie g TN T PploliyTie

where buckling does not exist. In these equations, Ai and Ai are the areas
R L
associated with cell i on the right and left, respectively, and Vi is the

volume of cell i, for the geometry specified.




Further, for the same interface condition, the flux on the right
boundary of cell i is

1 g I
: =7AXD(hD¢hlg+7Mhl%ﬁ)%£
i8y :
7% DEiagy * 7 iy D% (1)

and the flux on the left is analogous. Hence,

S D2ie1) (ian,g ™ 94,0
L 1 o 1 i
7 5% D) * 7% Py

and

g ;
De-1) ip ™ %1,

81 D4y

o!
1,8, i g
7 Mgy
For an interface condition of the type Cl¢ i C2¢ = C3 (where A = C
B = C , and C = 3), or of the type C . Dg(i)¢' i CZ¢ = C3 . Dg(i)’
where A = C c(i)’ 2, and C = C c(fﬂ’

coefficients are

A = 0
i,g
g
iy - A
Ci’g 2 il 5

if the condition appears on the right cell boundary, or

Dg(i) D8 (141) A
ai:g E 5 1 X B
A+ 3 X
e = 0

the finite difference
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if the condition occurs on the left. The calculation of e g remains the
2

same as above in either case.
The flux then becomes, on the right or left,

1
: T AXC * Agy

3.
1,8
25 (RYar 1) n % AXiB

The derivatives of the flux are then
C - B¢-
o' = l,g
i,ep  a+daxs
2 it

Bo. =
6! = 1,8
N % AX;B

Additionally, if the boundary condition is inhomogeneous (C = 0.),
boundary terms of the form

%) CAiR

ext
L A+ l-AX.B
Z il

D2 .. CA.
c(i) i
S = I
eXtL 1
A+ 5 AX.B
Tyl
are created.
For any interface condition mentioned, the current across the cell

boundaries is simply

8

3. = .y 8!
i,8p c(i) ¢1,gR

a1 e
i,g c(i) cp1,gL



and the corresponding leakages are
Li,gR Ji,gR AiR
S T
If total cell leakage is requested, it consists of
SO s i D¢(s) Bazr(i)l+Bf*(i)2 ¢, Vi
where buckling term or terms are defined, and simply
1,8 Li,gR b Li,gL

where buckling is not defined.
The denominator term common to the calculations performed in this

subroutine is computed as follows:

DENOM = .5%(DX(I)*DCIP1G + DX(I+1)*DCIG) op right if ITYPER = 0

= ,5%(DX(I)*DCIMIG + DX(I-1)*DCIG) on left if ITYPEL = 0

= (A + .5*DX(I)*B) if ITYPER or ITYPEL =1 or 2
DUM1 = 1./DENOM if DENOM # 0

= 0. if DENOM = 0
DUM2 = DCIP1G*DUM1 on right if ITYPERT=10

= DCIM1G*DUM1 on left if ITYPEL = 0

= DCIG*DUML if ITYPER or ITYPEL = 1 or 2

The left, right, and central finite difference coefficients are then

computed as follows, in the order given, if JUMP = 1:

first,
AIG = DCIG*DUM2*AREAR and EIG = AIG T ENTTYEBRE =10
or
AIG = 0. and EIG = DUM2*B*AREAR 1£ FIYPERF=S10ra7;
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then,

CIG = DCIG*DUM2#AREAL and EIG = EIG + CIG 1£- ITYPEL
or

CIG = 0. and EIG = EIG + DUM2*B*AREAL if ITYPEL
and finally,

1 or 23

EIG = EIG + (DCIG*(BSQ(REGNO,1) + BSQ(REGNO,2) + REM(CMPNO,G))*VOLI.

The homogeneous boundary terms are calculated as follows, also if JUMP

BCIGR = 0. 1:F N [EYPER
= DUMZ2*C*AREAR TEIYPER
BEIGL = 0. 1f ITYPEL
= DUM2*C*AREAL if ITYPEL

1 opes

0,
10 2

The flux on the right and left cell boundaries, if JUMP = 2 or JUMP = 3,

is calculated as follows:

1-ore s

FIGR = .5%(DCIG*FLUX(I,G)*DX(I+1) + DCIPIG*
FLUX(I+1,G)*DX(I))*DUM1 if ITYPER
or
FIGR = .5*(DX(I)*C + A*FLUX(I,G))*DUM1 if ITYPER
FIGL = .5%(DCIG*FLUX(I,G)*DX(I-1) + DCIMIG*
FLUX(I-1,g)*DX(I))*DUM1 1 £ ITYPEL
or
FIGL = (.5*DX(I)*C + A*FLUX(I,G))*DUM1 if ITYPEL
The derivative of the flux on the cell boundaries is then calculated
as follows:
DIGR = DUM2* (FLUX(I+1,G) - FLUX(I,G)) if ITYPER
or
DIGR = (C-B*FLUX(I,G))*DUM1 if ITYPER
DIGL = DUM2* (FLUX(I,G) - FLUX(I-1,G)) if ITYPEL
or
DIGL = (B*FLUX(I,G) -C)*DUML F I 'PYPE]S

[}

1 orsZe



The currents across the right and left cell boundaries respectively are

then simply

JIGR = -DCIG*DIGR
and

JIGL = DCIG*DIGL,

and the leakage across the left and right cell boundaries is

LIGR

and

JIGR*AREAR

LIGL = JIGL*AREAL.

The total cell leakage, if JUMP = 2, is then computed as follows:

LIG = LIGL + LIGR + DCIG*(BSQ(REGNO,1) + BSQ(REGNO,2))*VOLI*FLUX(IG,)

5. Subprograms called by this subroutine

CELCAL calls IPHVOL

IVOL
IBAL
TAREA
GETBND

All entry points call VOL(entry point in IVOL)

AREA (entry point in IAERA)
VERBND (entry point in GETBND)
ERRMSG

6. Subprograms calling this subroutine

CELCAL 1is

FDCCEL 1is
LKCELL' is
FLXCEL is
DERCEL is
CURCEL is
LKFACE is

called by RGEOM
FDCGEN
D1DOUT
called by FDCID
called by LKCAL
called by - None
called by - None
called by LKCAL
called by - None
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i

Error messages generated by this subroutine

Message:

Significance:

Action taken:

***&%CENERAL INTERNAL INTERFACE CONDITIONS SPECIFIED
FOR I = 11i1, G = iiix

ERROR NUMBER {}} IN SUBROUTINE CELCAL

An interface condition (ITYPER or ITYPEL) not equal to
0, 1, or 2 was returned to CELCAL from VERBND (entry in
GETBND). This is assumed to indicate that an interface
condition of 3, indicating general internal interface
conditions, was specified in data set BC, and hence by
implication that the internal interface condition type

2 was specified in A.NIP (card type 10, cols. 19-24),
for this I and G. An error number 1 indicates that the
error was encountered on the right of cell i,g; an error
number 2, that it was encountered on the left.

The IERR flag is set to 1 and control is returned to the
calling program. No calculations are performed.

Subroutine CHEB (ALPHA, BETA, P, SIGMA, A)

il

Die

Arguments
Name  Type
ALPHA R*8
BETA R*8
P I1*4
SIGMA R*8
A R*8

Dimension Definition
== First Chebyshev coefficient a
== Second Chebyshev coefficient 8
- Degree of Chebyshev polynomial p

= Estimate of rate of convergence
of flux

2 Interval shift factor for Chebyshev
acceleration

Common Blocks - None



i Local Variables

Name Type Definition
COSHGM R*8 The hyperbolic cosine of y, as defined
GAMMA R*8 The term y, found by taking the arc-

hyperbolic cosine of COSHGM

4. Functions and tasks performed by this subroutine

This subroutine computes the Chebyshev coefficients o and g for
the Chebyshev polynomial

Bl = 0, &) + e &-1Q ) + 80Q 00 -Q &),

used in Chebyshev extrapolation. For a given order p, estimated rate of

convergence o, and interval shift factor a, the coefficients are computed
as follows:

R 2
Sl e e
BI = O)

»
for pi= 1,

A 4 coshifpi= 1) v
% T o -a cosh py ¢
A R e
P z P

for P 2L 2y
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where

2rcigls gl
coshy = —— .

Gl

5. Subprograms called by this subroutine

DACOSH

6. Subprograms calling this subroutine

ENDOUT (entry in INDOUT)
ENDOT1 (entry in INDOT1)

7. Error messages generated by this subroutine - None

REAL Function DACOSH (X)

1. Arguments
Name Type Dimension Definition

X R*8 == Number for which the arc-hyperbolic
cosine is to be calculated

2. Common Blocks - None
3. Local Variables - None
4. Functions and tasks performed by this function

This function, which is typed REAL, calculates the arc-hyperbolic cosine
of a number X, according to the equation

= 2
cosh™ ) = I |x+\Yx -1

5. Subprograms called by this function - None




6. Subprograms calling this function

CIEB
ENDOUT (entry in INDOUT)
ENDOT1 (entry in INDOT1)

7. Error messages generated by this function - None

Subroutine DIF1D(IERR)

1L Arguments

Name Type Dimension

TERR I*4 =

Z. Common Blocks
/BLKSTR/BLK (1)
/SINGLE/FLT (100) ,INT(100)

Definition
Error flag 0 - execution of
returned to NUC002
path level 1 - execution of
NUC002
terminated
abnormally

POINTR dynamic storage container array

Single—\;ariable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name

FLT (1) PROB

INT(19) MAXBLK

INT(32) IMAX
INT(37) GMAX
INT (94) KFLAG

Definition
Problem type 'REAL'
' ADJOINT'
IBO’I'}{I

Size of POINTR container array in bulk
storage

Number of mesh intervals defined
Number of groups defined

Dummy search flag, set to zero

o1



B Local Variables

Name Type Definition

REAL R*8 '"REAL' for problem type

ADJ R*8 'ADJOINT' for problem type

BOTH 'BOTH' for problem type

IPROB 1*4 Flag to preserve problem 0 - 'REAL S5O0
type 'ADJOINT'

1 - LBOTHE

TIME R*4 Time remaining at beginning of module; total
time spent in module in minutes

DUMMY I*4 Dummy argument to TLEFT

LAST 1*4 Last location used in POINTR core container
array

LASTB 1*4 Last location used in POINTR bulk container
array

4. Functions and tasks performed by this subroutine

This subroutine is the actual driver for the ARC System one-dimensional
diffusion theory k-effective and source calucation module, DIF1D (NUC002).
It first calls DIDIN to perform the input for the module. It then uses
IPROB to save the problem type if it is 'BOTH', and resets PROB so that
to the calculation and output sections the type appears only as 'REAL'
or 'ADJOINT'. It then calls DIDCAL and D1DOUT to perform the calculations
and output for the module.

For a 'BOTH' problem, DIF1D calls WIPE to wipe out unneeed arrays
from the POINTR container BLK, and PURGE and PURGEB to pack the container
array in main and in bulk storage. If the problem type is 'BOTH', FLXIN is
called to read a user-supplied flux guess for the adjoint part of the
calculation. If no adjoint flux guess is provided, the latest real flux
generation is used as the initial guess for the adjoint calculation. It
then calls DIDCAL and D1DOUT again to do the adjoint problem.
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Subprograms called by this subroutine

DI1DIN

D1DCAL

D1DOUT

FLXIN

TLEFT (IBM routine)
WIPE

PURGE (entry in PQINTR)
PURGEB (entry in POINTR)

Subprograms calling this subroutine

Main program for module NUC002

Error messages generated by this subroutine

Message: *****EXECUTION OF MODULE NUC002 HAS BEEN TERMINATED

Significance: An error has been encountered in the execution of the
module which has made successful execution of the
module impossible.

Action taken: The error flag IERR is set to 1 and control is returned
to the main program for NUC002.

Subroutine DIMSCT (SCTLIM, SCTLOC, SCTDIM, CMAX,*

il

24

Arguments

Name Type Dimension Definition

SCTLIM =2 2*CMAX Maximum number of groups of down-
scattering and maximum number of
groups of upscattering for each
composition

SCTLOC 152 CMAX*GMAX Location of last scattering element
for composition preceding given
composition in SCTXS (first
(MAX locations only)

SCTDIM I*4 B First dimension of scattering
array SCIXS

CMAX I*4 e Number of compositions defined

Error return for error in POINTR
dynamic storage allocation

Common Blocks - None

g3



5% Local Variables
Name Type Definition
DUMMY R*8 Dummy variable used for checking for
POINTR errors

4. Functions and tasks performed by this subroutine

This subroutine utilizes the scattering band widths for each composition
(set up in array SCTLIM in subroutine RGROUP) to set up, in the first (MAX
locations of the array SCTLOC, the position in an array SCIXS of the final
element of the scattering array o%i% corresponding to the composition pre-
ceding a given composition c(CMPNO).

The position corresponding to the last scattering element for the com-
position preceding CMPNO = 1 is 0; for each succeeding CMPNO, the position
is SCTLOC(CMPNO) = SCTLOC(CMPNO - 1) + SCTLIM(1,CMPNO - 1) +
SCTLIM(2,CMPNO - 1) + 1, where SCTLIM(1,CMPNO - 1) + SCTLIM(2,CMPNO - 1) + 1
is the band width corresponding to composition CMPNO - 1.

This routine also computes the first dimension SCTDIM of the scattering
array SCTXS; this dimension is computed as the position of the final ele-
ment of composition CMAX - 1, SCTLOC(CMAX), plus the band width of the last
composition, SCTLIM(1,CMAX) + SCTLIM(2,(MAX) + 1. In other words, the first
dimension of SCTXS is the sum over all compositions of the band widths as-
sociated with each composition; the second dimension is GMAX. Hence, in the
scattering array, each composition and group is allocated only the maximum
band width associated with the composition.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)

6. Subprograms calling this subroutine

RCOMP

7.  Error messages generated by this subroutine - None




Subroutine DIDCAL (*)

1. Arguments
Name Type Dimension Definition
o -- -- Error return to calling program if
error is encountered in any
subprogram called
2.  Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container array
/SINGLE/FLT(100) , INT(100) Single-variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition
FLT(5) PROBT Calculation type YK CALGY
' SCRIREE
3. Local Variables
Name Type Definition
SORC R*8 "SOURCE' for calclilation type

4. Functions and tasks performed by this subroutine

This subroutine is the driver for the one-dimensional diffusion theory
k-effective and source calculation iterations. It calls FDCGEN to generate
the finite-difference coefficients and related terms, and then calls either
KEFCAL or SRCCAL to control the iterations.

5. Subprograms called by this subroutine

FDCGEN
KEFCAL
SRCCAL
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6. Subprograms calling this subroutine

DIF1ID (when executing module NUC002)
DIDSCH (when executing module NUC004)

7.  Error messages generated by this subroutine - None

Subroutine DIDIN (*)

1. Arguments
Name Type Dimension Definition
& -- -- Error return to calling program if
error is encountered in any subprogram
called
2.  Common Blocks
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition
INT(19) MAXBLK Size of POINTR container array in

bulk storage

i Local Variables

Name Type Definition

LAST Il Last location used in POINTR core container
array

LASTB =4 Last location used in POINTR bulk container

array
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4. Functions and tasks performed by this subroutine

This subroutine is the driver

for the input section of the one-dimensional

diffusion theory k-effective and source calculation module, DIF1D (NUC002),
and the search calculation module DIDSCH (NUC004). It controls input of all

data sets needed by these modules,

except SP.CRIT for a search calculation.

After the input is done, DIDIN determines and prints the last locations

used in main and bulk POINTR container arrays and purges each of the

containers of arrays which have been wiped out.

5. Subprograms called by this subroutine

RCDEP
RGEOM
RBNDC
RCOMP
RDIST

ILAST (entry in POINTR)
ILASTB (entry in POINTR)
PURGE (entry in POINTR)
PURGEB (entry in POINTR)

6. Subprograms calling this subroutine

DIF1D (when executing module NUC002)
DIDSCH (when executing module NUC004)

7. Error messages generated by this subroutine - None

»

Subroutine DI1DOUT (%)

1. Arguments

Name Type Dimension

*

2 Common Blocks
/BLKSTR/BLK (1)
/SINGLE/FLT(100), INT(100)

Error return to calling program if
error is encountered in any
subprogram called

POINTR dynamic storage container array

Single-variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words



Variables used from this common block

Name Local Name
FLT(1) PROB
FLT(5) PROBT
FLT (31) GEOM
INT(7) Kout
INT(19) MAXBLK
INT(31) RMAX
INT (32) IMAX
INT (34) BCMAX
INT(35) CMAX
INT(36) FSCMAX
INT(37) GMAX
INT(40) CHIDIM
INT(41) SCTDIM

3. Local Variables

Name
SORC
ADJ

RMAXP1

Type
R*8
R*8

I#4

Problem type 'REAL'
' ADJOINT'

Calculation type 'K CALC'
'SOURCE'

Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
'SPHERE'
Output flag <2 - no printed
output
2 - balance output
3 - balance plus
power output

Size of POINTR container array in bulk
storage

Number of regions defined
Number of mesh intervals defined

Number of non-continuity boundary
conditions defined

Number of compositions defined
Number of fissionable compositions defined
Number of groups defined

First dimension of fission spectrum
array CHI

First dimension of scattering array
SCTXS

Definition
'SOURCE' for calculation type
'ADJOINT* for problem type

RMAX + 1 for defining size of current-
related arrays
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4. Functions and tasks performed by this subroutine

This subroutine is the driver for the output section of the one-
dimensional diffusion theory k-effective and source calculation module and
the one-dimensional diffusion theory search module. It first wipes out
arrays not needed and calls PURGE and PURGEB to pack the POINTR container
array. It then sets up storage for all arrays needed and calls CELCAL
to initialize various subroutines and functions needed.

It then calls FVCAL to compute regional flux integrals and NRMCAL to
normalize fluxes for a k-effective calculation or search problem, to write
desired data sets, and to print the quantities written on data sets,

3 Eidesived (KOUT >2).

Following this, if power calculations are desired for a real problem
(XOUT = 3), the subroutine calls PWRCAL: then, if KOUT >2, it calls
subroutines to calculate and print the rest of the output balance quantities:
LKCAL for leakage, REMCAL for removal, SCTCAL for scattering source,
FISREG for fission source, EXTCAL for external source for a source
calculation, BALCAL for the balance terms, and SUMCAL for the sums over

regions, over groups, and over the entire reactor.

5. Subprograms called by this subroutine

WIPOUT (entry in POINTR) PWRCAL

PURGE (entry in POINTR) LKEAL

PURGEB (entry in POINTR) REMCAL

PUTPNT (entry in POINTR) SCTCAL

IGET (entry in POINTR) FISREG (entry in FISCAL)
CELCAL EXTCAL

FVCAL BALCAL

NRMCAL SUMCAL

6. Subprograms calling this subroutine

DIF1D (when executing module NUC002)
DIDSCH (when executing module NUC004)

7. Error messages generated by this subroutine - None
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Subroutine ERRMSG (NAM1, NUM)

1. Arguments

Name Type Dimension Definition

NAM1 R*4 2 Name of subprogram calling this
subroutine (A8)

NUM 1*4 -- Number assigned to error in
subprogram calling this subroutine

2. Common Blocks
/NAMBLK/

Variables used from this common block

Name Local Name Definition

NAME NAM2 (1) Name of subprogram calling this
subroutine (A8)
(NAM2 is R*4 and is dimensioned
2)

3. Local Variables - None

4, Functions and tasks performed by this subroutine

This subroutine prints the name of the subprogram calling it and the

error number assigned to the error which occurred, in the format

and returns control to the calling subroutine.

The name is input as an R*4 array of dimension 2 in NAM1 and is set
equal to the R*4 array NAMZ which is equivalenced to the R*8 member NAME
of common block /NAMBLK/, to allow the name to be kept in a common block.

5.  Subprograms called by this subroutine - None




#Ag

Subprograms

calling this subroutine

FDCCBL
LKCELL
FLXCEL
DERCEL
CURCEL
LKFACE
PCOMP
RCDEP
RGEOM
RBNDC
PRTBC
RCOMP
RVEL
RDIST
RSORC
RFLUX
OUTERS
ENDOUT
SOUTER
ENDOT1
FLXIN

D1DSCH
SRCHIN
RDDDX
RDBSQ
DELBSQ
DELX
FDCCEL
LKCELL
FLXCEL
DERCEL
CURCEL
LKFACE
PCOMP
RCDEP
RGEOM
RBNDC
PRTBC
RCOMP
RVEL
RDIST
RFLUX
OUTERS
ENDOUT
WSRCH
RCORD1
RCORD2
RCORD3
RCORD4
FLXIN

(entry
(entry
(entry
(entry
(entry
(entry

(entry
(entry

(entry
(entry
(entry
(entry
(entry
(entry

in
in
in
in
in
in

in

in

in
in
in
in
in
in

CELCAL)
CELCAL)
CELCAL)
CELCAL)
CELCAL)
CELCAL)

INDOUT)

INDOT1)

CELCAL)
CELCAL)
CELCAL)
CELCAL)
CELCAL)
CELCAL)

(entry in INDOUT)

’

o

(when executing
module NUC002)

(when executing
module NUC004)

Error messages generated by this subroutine - None
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Subroutine EXTCAL (EXTS, FIXSRC, REGMSH, IMAX, RMAX)

1. Arguments
Name Type Dimension
EXTS R*8 RMAX*GMAX
FIXSRC R*8 IMAX*GMAX
REGMSH [i*2 IMAX
IMAX 1z --
RMAX 10 --

2. Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)

Variables used from this common block

Definition

External source contribution to
balance for source calculation

Fixed external source S.
interval and group g

by mesh
g
Region-to-mesh correspondence
Number of intervals defined

Number of regions defined

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Name Local Name Definition

FLT(1) PROB Problem type ! REAL !
'ADJOINT'

INT(37) GMAX Number of groups defined

3. Local Variables

Name Type Definition

TITLE R*8 Title for external source for TWODPR

ROWT R*8 'REGION' for row title for TWODPR

COLT R*8 'GROUP' for colum title for TWODPR

ADJ R*8 'ADJOiNT' for problem type

JPONE I*4 Problem type flag for DF=fireql

TWODPR 2 - adjoint
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&, Functions and tasks performed by this subroutine

This subroutine computes the external source contribution to the balance
equation by region and group for a source problem, and prints the results by
calling TWODPR. The external source term ESr g is defined as

>

ES = SR TV,
I,g I‘ier 1,8 Al

where Sl is the external source, V the mesh interval volume per unit
height from function VOL, and W the balance integration weighting factor

from function BALW.

5. Subprograms called by this subroutine

BALW (entry in IBAL)
VOL (entry in IVOL)
IGET (entry in POINTR)
TWODPR

6. Subprograms calling this subroutine

DIDOUT

7. Error messages generated by this subroutine - None

Subroutine FDCGEN (*)

1. Arguments
Name Type Dimension Definition

= o = Error return to calling program if
error is encountered in any

subprogram called
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2. Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)

POINTR dynamic storage container
array

Single-variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
FLT(1) PROB
FLT(5) PROBT
FLT(31) GEOM
INT(31) RMAX
INT(32) IMAX
INT(34) BCMAX
INT(35) CMAX
INT(36) FSCMAX
INT(37) GMAX
INT(40) CHIDIM
INT(41) SCTDIM

S Local Variables

Name
ADJ

SORC

Type
R*8

RAR

Definition

Problem type 'REAL'
' ADJOINT'

Calculation type 'K CALC'
' SOURCE'

Geometry type 'CYLSLAB'
'"RECTSLAB'
'CYLINDER'
' SPHERE'

Number of regions defined

Number of mesh intervals defined

Number of non-continuity boundary condi-
tions defined (NBCDEF)

Number of compositions defined
Number of fissionable compositions defined
Number of groups defined

First dimension of fission spectrum array
CHI

First dimension of scattering array SCTXS

Definition
'ADJOINT' for problem type

'SOURCE' for calculation type
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4. Functions and tasks performed by this subroutine

This subroutine controls the generation of the finite-difference
coefficients ai,g’ Ci,g’ and ei,g by mesh interval and group for the one-
dimensional diffusion theory modules, along with calculation of the related
term ri,g required in the Choleski inversion of the tri-diagonal finite
difference coefficient matrix and calculation of the external source due
to inhomogeneous interface conditions, if any.

The subroutine allocates storage for the required arrays, initializes
CELCAL (an entry point of which will be used in the generation of the
coefficients), and calls FDC1D to calculate the described data. Then, for
an adjoint problem, all group-related arrays are re-ordered by group so
that the calculations can be performed in the same manner as the
calculations for a real problem.

5. Subprograms called by this subroutine

REDEF (entry in POINTR)
IGET (entry in POINTR)
CELCAL

FDC1D

REORDR

DUMP (entry in POINTR)

6. Subprograms calling this subroutine

D1DCAL

7. Error messages generated by this subroutine - None

Subroutine FDC1D (REGMSH, CMPMSH, DX, BSQ, DC, REM, FSQMP, NUFIS, CHI,
EXTBC, A, C, E, GAMMA, R, VEL, CMAX, FSCMAX, CHIDIM,

RMAX, IMAX,*)
1. Arguments
Name Type Dimension Definition
REGMSH %2 IMAX Region-to-mesh correspondence

CMPMSH T2 : IMAX Composition-to-mesh correspondence
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Name Type Dimension

DX R*8 IMAX

BSQ R*8 RMAX*2

DC R*8 CMAX*GMAX

REM R*8 CMAX*GMAX

FSQMP I*2 MAX

NUFIS I*4 (MAX*GMAX

CHI R*8 CHIDIM*GMAX

EXTBC R*8 IMAX*GMAX
for source
calculation
0 for keff
calculation

A R*8 IMAX*GMAX

c R*8 IMAX*GMAX

E R*8 IMAX

GAMMA R*8 IMAX

R R*8 IMAX*GMAX

VEL R*8 GMAX

(MAX 1*4 Sen

FSQMAX I1*4 *

Definition
Mesh interval lengths
Buckling B? by region and direction
Diffusion coefficients DE
Removal cross section oR

Indices of fissionable compositions
in arrays dimensioned FSCMAX

Nu times fission cross section
o

vide

g'g

Fission spectrum Ko

Source due to inhomogeneous interface
conditions

Finite difference coefficient on
right of cell for all groups

Finite difference coefficient on
left of cell for all groups

Central finite difference coefficient
for cell for given group

Recurrence coefficients for
Choleski inversion for all cells
for given group

Reciprocals of diagonal elements
of lower triangular matrix L of
tri-diagonal matrix A = LU

for Choleski inversion

Neutron speeds Vg by groun
Number of compositions defined

Number of fissionable
compositions defined



Name Type Dimension
CHIDIM I*4 e
RMAX I*4 e
IMAX 1*4 ety

Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)
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Definition

First dimension of fission spec-
trum array CHI

Number of regions defined
Number of mesh intervals defined

Error return for error in POINTR
dynamic storage allocation

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
BLT(1) PROB
BET(2) KEFF
FLT(3) ALPHA
ELT(5) PROBT
FLT(6) MU
FLT(31) GEOM
FLT(32) XL
INT(37) GMAX
INT(39) MIRCHI

Definition
Problem tyne 'REAL'
'ADJOINT'
k for k-effective calculation
eff

Inverse reactor time period a

'K CALC'
'SOURCE'

Calculation type

1/k factor for sourc calculation

fixed

Geometry type '"CYLSLAB'
'RECTSLAB'
'"CYLINDER'

'SPHERE"
Left reactor boundary (X(1))

Number of groups defined

0 - x-vector

Fission spectrum C
1 = y-matrix

array type
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3. Local Variables

Name Type Definition

SORC R*8 'SOURCE' for calculation type

ADJ R*8 '"ADJOINT' for problem type

DUMMY R*8 Dummy variable for checking for POINTR
errors

BCIGL R*8 Source due to inhomogeneous interface
conditions on left of cell I

BCIGR R*8 Source due to inhomogeneous interface
conditions on right of cell I

IERR 1*4 Error flag returned from FDCCEL
(entry in CELCAL)

REGNO 1*4 Region number corresponding to given
mesh interval I

CMPNO I*4 Composition number corresponding to
given mesh interval I

NGMAX I%4 GMAX/2, used in re-ordering arrays for
adjoint problem

SAVE R*8 Dummy variable used in re-ordering
arrays for adjoint problem

4. Functions and tasks performed by this subroutine

This subroutine calculates the finite difference coefficients a; g
’
27 and i g for each mesh interval and group, as well as the recursion
! s
coefficients i and the related terms T i,g used in Choleski inversion of

EheS tri= dlagonal finite difference coeff1c1ent matrix A, and the external
source due to inhomogeneous interface conditions.
FDCCEL, an entry in CELCAL, is called to obtain the coefficients
a. ,c. ,ande. and the source due to inhomogeneous interface
1,8° 1,8 1,8
conditions.

FDC1D then sets a g to 1. for all groups g, and modifies the central

*

finite difference coefficient e g by adding an

v
e
g
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term. The coefficients ai,g and ci . are stored for all intervals and
groups; the coefficients ei,g are stored for all intervals for one group
only at a time.

The recurrence coefficients Yi,g are then computed from the finite

difference coefficients for one group.

a
- 1’ .
Y, —£
R
1
s8
for each successive i, i = 2, ..., I,
a; g
Y; = =
i
. A

- = €. -
1,8 1,8 Yl-l’g

From the Y g's, for each group, the terms T, .8 are computed and stored for
all mesh pomts and groups:

¥
2 = 1.8
1,8 2
1,8
»
or, where a. _ =0,
l’
1
i = R
1,8 o 1,8 '1-1,g
1,8

For an adjoint problem, this subroutine then re-orders the arrays A, C,
and R by groups, so that the same subprograms that are used for a real problem

can be used for an adjoint problem.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
FDCCEL (entry in CELCAL)
VOL (entry in IVOL)
DUMP (entry in POINTR)
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6. Subprograms calling this subroutine

FDCGEN

7. Error messages generated by this subroutine - None

Subroutine FISCAL (FISDEN, FISSOR, FISS, FISAVG, FSCMP, NUFIS, CHI, FLX,
REGVOL, REGMSH, CMPREG, CHIDIM, FSCMAX, IMAX, RMAX,

Entry Points

Entry FISREG

1. Arguments

Name

FISDEN

FISSOR

FISS

FISAVG

FSCMP

NUFIS

CHI

FLUX

REGVOL

GMAX, CMAX, FSOPT)

Type Dimension
R*8 IMAX*GMAX
R*8 IMAX*GMAX
R*8 RMAX*GMAX
R*8 RMAX*GMAX
153 (MAX
R*8 CMAX*GMAX
R*8
R*8 IMAX*GMAX*4
for upscatter
problem
IMAX*GMAX*3
otherwise
R*8 RMAX

Definition

Fission density by mesh interval
and group

Fission source integrals by mesh
interval and group

Fission source integrals by region
and group

Average fission source by region
and group

Indices of fissionable compositions
in arrays dimensioned FSCMAX

Nu times fission cross section
\)'O'f

1
Fission spectrum Xg g

Flux 95 g for four or three generations
b

Physical region volumes Vr (from
function PHYVOL)



Name Type Dimension
REGMSH I*2 IMAX
CMPREG I*2 RMAX
CHIDIM = 5
FSQMAX 1*4 --
IMAX I%*4 o
RMAX I*4 =
GMAX 1*4 --
CMAX I*4 --
FSOPT 1%4 o

2. Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)

114
Definition
Region-to-mesh correspondence
Composition-to-region correspondence

First dimension of fission spectrum
array CHI

Number of fissionable compositions
defined

Number of mesh intervals defined

Number of regions defined

Number of groups defined

Number of compositions defined

0 - do not write
FSR.D1 or
FSA.D1

1 -~ write

FSR.D1 or
FSA.D1

Fission source
option

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
ELT(1) PROB
FLT(5) PROBT
FLT(6) MU
INT(39) MIRCHI
INT(51) NTH

Definition
Problem type 'REAL'
'ADJOINT'
Calculation tyne 'K CALC'
'SOURCE'
l/kfixed factor for source calculation
Fission spectrum = x-vector
array type 1~ y-matrix

Index of nth-generation flux in array FLX
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S Local Variables

Name Type Definition

THEHLIEED) R*8 Title for fission source by region and group
for TWODPR

ROWT R*8 'REGION' for row title for TWODPR

COLT R*8 'GROUP' for column title for TWODPR

TITLE2(9) R*8 Title for average fission source by region
and group for TWODPR

ADJ R%*8 'ADJOINT' for problem type

SORC R*8 'SOURCE' for calculation type

FISLOC I*4 Location of given element in fission spectrum
array CHI for x-matrix

JPONE I*4 Problem type flag =il
for TWODPR 2 - adjoint

4. Functions and tasks performed by this subroutine

The FISCAL entry of this subroutine calculates the fission density FISDEN
and the fission source integral FISSOR by mesh interval and group. The
FISREG entry computes and prints the fission source integral FISS and the
average fission source FISAVG by region and group, based on the already-
computed fission source by interval and group.

For a real problem, the fission density is defined as

G :
- SRES N AT e
FDl,g W, g2=1 Xc (v cf)c ¢i,g'
for a yx-matrix, or
g ¢ !
FD; g = Mo g.Zl (wrogls s tn

for a x-vector.
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For an adjoint problem, the fission density is

G !
ok s g8
FD]._,g W (v og)c '21 Ha ¢i,g'
g'=
for a y-matrix, or
g g g
L g

for a x-vector.

In both cases above, Wr is the balance integration weighting factor for
the region r of which the interval i is a part. Additionally, for a source
calculation, the fission density is multiplied by the u factor, u = l'/kfixed’
the scaling factor for the problem.

The fission source integral by interval and group is then easily computed

as

where Vi is the mesh interval volume per unit height, from function VOL.
In FISREG, the fission source integral by région by region and group
is computed simply as

ES

B, = —&
r,g v
p

where Vr is the physical region volume. These two quantities are printed
by calling TWODPR.
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Subprograms

called by this subroutine

FISCAL

FISREG

Subprograms

calls VOL (entry in IVOL)
BALW (entry in IBAL)

calls IGET (entry in POINTR)
TWODPR

calling this subroutine

FISCAL
FISREG

is called by NRMCAL
is called by D1DOUT

7. Error messages generated by this subroutine - None

Subroutine FLIP (FLX, FLXVOL, REGFLX, FISDEN, FISSOR, IMAX, RMAX, GMAX,

1. Arguments

Name

FLX

FLXVOL

REGFLX

FISDEN

FISSOR

IMAX

RMAX

FSOPT)
Type Dimension Definition
R*8 IMAX*CGMAX*4 Flux o5 for four or three generations
for upscatter 8
problem
IMAX*GMAX*3
otherwise
R*8 RMAX*GMAX Regional flux integrals by group
R*8 RMAX*GMAX Average regional flux integrals
by group
R*8 IMAX*CGMAX Fission density by interval and
group
R*8 IMAX*GMAX Fission source integrals by interval
and group
134 -- Number of mesh intervals defined
I*4 == Number of regions defined
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Name Iype Dimension Definition
GMAX I*4 = Number of groups defined
FSOPT I*4 -- Fission source 0 - do not write
option FSR.D1 or
FSA.D1
1 - write FSR.D1
or FSA.D1
2.  Common Blocks
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

INT(51) NTH Index of nth-generation flux in array FLX
3. Local Variables

Name Type Definition

NGMAX i GMAX/2

G I*4 Index on groups, G = 1, .... NGMAX

GSUB 1*4 Decreasing index &n groups, GSUB = GMAX - G + 1

SAVE R*8 Dummy variable used in re-ordering

4. Functions and tasks performed by this subroutine

This subroutine re-orders by groups the quantities to be put out on data
sets or printed after an adjoint problem, so that the group ordering
corresponds to that which would be expected. This is necessary because
calculations of these quantities were performed using data previously re-ordered
to make it possible to do an adjoint problem using the same routines as for
a real problem. If further calculations are to be performed, the quantities
are again re-ordered, so that they can be used in their form before the
first re-ordering.
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Quantities re-ordered are the nth generation of the flux FLX, the regional
flux integral FLXVOL, the regional flux average REGFLX, the fission density
FISDEN, and, if desired, the fission source integral FISSOR.

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

NRMCAL

7.  Error messages generated by this subroutine - None

Subroutine FLXIN (FLUX, IMAX, GMAX, *)

1.  Arguments
Name Type Dimension Definition
FLUX R*8 IMAX*GMAX*3 Flux ¢j o by interval and group for
initial (nth) generation
IMAX 1*4 - Number of mesh intervals defined
GMAX I*4 == Number of groups defined
s - -- Error return
2.  Common Blocks
/SINGLE/FLT (100) ,INT(100) Single variable container:

FLT contains 100 R*8 words, and
INT congains 100 I*4 words

Variables used from this common block

Local name
Name if equivalenced Definition
INT (51) NTH Index of the nth generation of the

flux in the POINTR array FLX



O Local Variables

Name
FAD1
SAVE

KEFF

KIND

N1

R*8

R*8

R*8
1*4

I*4

1*4
14
1*4

I*4

1*4

1*4
1*4

Definition
'FA.D1' for SNIFF call

Dummy location used in reordering flux
by group

keff defined on FA.D1

Index for reordering flux by groups and
group index

Index for reordering flux by group;
GA=GMAX-G+1

Number of groups defined on FA.D1
Number of mesh intervals defined on FA.D1
GAMX/2 for reordering flux by groups

Number of iterations at which flux was
written on FA.D1

Kind of problem from which flux FA.D1l
originated:

-1 input guess or incomplete problem
>0 completed problem

Data set reference number for FA.D1

Index for mesh intervals

4. Functions and tasks performed by this subroutine

This subroutine reads the adjoint flux data set FA.D1 and replaces the
nth generation flux array in the POINTR container if FA.Dl is a user-supplied

data set.

It first reads the initial record of FA.Dl and compares the number of

energy groups and mesh intervals defined in this data set with those of the
current problem. It then tests to see if this is a user-supplied adjoint
flux guess (ITER>0), and if so reads the actual flux input. If the flux
guess is from a previous run (KIND>0), the flux is reordered by group.

If FA.D1 is not a user-supplied adjoint flux guess, return is made to the

117
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calling program and the last real flux is used as an initial guess for

the adjoint part of the calculation.

5.  Subprograms called by this subroutine

PAGHED
ERRMSG
SNIFF (ARC System module)

6. Subprograms calling this subroutine

DIF1D
D1DSCH

7. Error messages generated by this subroutine

Message: ERROR NUMBER 1 IN SUBROUTINE FLXIN
Significance: The data set FA.D1 could not be found.

Action taken: Execution is terminated.

Message: #%%£XERROR IN READING FLUX GUESS*###x#
IMAX=11iii IMX1=iiii
GMAX=1iii GMX1=iiii

ERROR NUMBER 2 IN SUBROUTINE FLXIN

Significance: The number of energy groups (GMX1) and/or the number
of mesh intervals (IMX1) defined in the data set FA.Dl
do not correspond to the values (GMAX,IMAX) for the
current problem.

Action taken: Execution is terminated.

Subroutine FVCAL (FLX, FLXVOL, REGVOL, REGMSH, IMAX, RMAX, GMAX,%*)

1.  Arguments
Name Type Dimension Definition

FLX R*8 IMAX*GMAX*4 *  Flux ¢. _ fof four or three generations
for upscatter 1,8
problem
IMAX*GMAX*3
otherwise



Name Type Dimension
FLXVOL R*8 RMAX*GMAX
REGVOL R*8 RMAX
REGMSH %2 IMAX
IMAX I1*4 =
RMAX I*4 ==
GMAX I*4 e

2.  Common Blocks

/BLKSTR/BLK (1)
/SINGLE/FLT (100) , INT(100)
Variables used from this common block

Name Logal Name

INT951) NTH

5 Local Variables - None

19

Definition
Regional flux integrals by group

Physical region volumes (from
function PHYVOL)

Region-to-mesh correspondence
Number of mesh intervals defined
Number of regions defined
Number of groups defined

Error return (not used)

POINTR dynamic storage container
array

Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Definition

Index of nth-generation flux in array FL)

4. Functions and tasks performed by this subroutine

This subroutine first sets up the physical region volume REGVOL, defined

as it is in the function PHYVOL. The routine then computes the regional

flux integrals by group, FLXVOL:

2 (n)
[ = W e CRA
r,g T itz:r ¢1,g g e

where Wr is the integration weight, from function BALW, and Vi is the volume
per unit height of mesh interval i, from function VOL.

5. Subprograms called by this subroutine

PHYVOL (entry in IPHVOL)
BALW (entry in IBAL)
VOL (entry in IVOL)
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6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None

Subroutine GETBND (BNDC, JBNDC, NBCDEF)
Entry Points

Entry VERBND (IMESH, NGRP, DIFCOE, Cl, C2, C3, C4, ITYPE)

1. Arguments

Name Type Dimension Definition

BNDC I*4 8*NBCDEF Name used to reference floating-
point portion (last four numbers of
each eight) of boundary condition
array

JBNDC I*4 8*NBCDEF Name used to reference integer
portion (first four numbers of each
eight) of boundary condition array

NBCDEF I*4 == Number of non-continuity boundary
conditions defined

IMESH I*4 == Mesh line number (negative for left
side of line, positive for right
side)

NGRP I*4 = Group number

DIFCOE R*8 -- Diffusion coefficient corresponding
to IMESH and NGRP (from DC)

Cl R*8 -- First boundary condition coefficient

(674 R*8 = Second boundary condition coefficient

C3 R*8 == Third boundary condition coefficient

C4 R*8 -- Fourth boundary condition coefficient



Name Type Dimension Definition
ITYPE 1*4 -- Boundary condition type

0 - continuity of flux
and current
1-Cp¢' +Cyp=C

where
C, = BNDC(5, NBC)

3

1
C2 = BNDC(6, NBC)
C = BNDC(7, NBC)
2 - C1¢' & C2¢ = C3
where
C; = BNDC(5, NBC)
*DIFCOE

C, = BNDC(6, NBC)
C, = BNDC(7, NBC)

*DIFCOE
- = 1
Bis Gy Selphy ¥ Bty
9341 = C3ty * Cg)
where
C, = BNDC(S, NBC)
C, = BNDC(6, NBC)
C; = BNDC(7, NBC)
C, = BNDC(8, NBC)

2. Common Blocks - None
3. Local Variables - None

4. Functions and tasks performed by this subroutine

GETBND is the initialization entry; VERBND performs the specified
function.

This subroutine checks through the mesh lines for which boundary condi-
tions have been defined, comparing JBNDC(1, NBC), where NBC = 1,..., NBCDEF,
to IMESH. If a match is found, the group numbers between which the condition
applies, JBNDC(3, NBC) and JBNDC(4, NBC), are checked. If JBNDC(3, NBC)
< NGRP < JBNDC(4, NBC) the arguments returned are defined as follows:

ITYPE = JBNDC(2, NBC)
Cl = BNDC(5, NBC)
C2 = BNDC(6, NBC)
C3 = BNDC(7, NBC)
c4 = BNDC(8, NBC)
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Further, if ITYPE = 2,

[}

Cl1 = C1*DI1FCOE

and

C3 = C3*D1FCCE.

If no match is found, ITYPE and all constants (Cl, C2, C3, C4) are set to

Zero.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

GETBND is called by CELCAL

VERBND is called by FDCCEL (entry in CELCAL)
LKCELL (entry in CELCAL)
FIXCEL (entry in CELCAL)
DERCEL (entry in CELCAL)
CURCEL (entry in CELCAL)
LKFACE (entry in CELCAL)

7. Error messages generated by this subroutine - None




Subroutine GETCHI (SETCHI, MIRCHI, GMAX, NTAPE)

I Arguments
Name Type Dimension
SETCHI R*8 ISCHI*GMAX
MTRCHI I*4 --

GMAX I*4 --

NTAPE 1*4 --

2: Common Blocks - None

5 Local Variables - None

Definition

1
Set-wide fission spectrum Xg &

Set-wide fis- 1-y -vector
sion spec- GMAX-x -matrix
trum type

(ISCHI)

Number of groups defined

Data set reference number for
XS.C.MIN

4. Functions and tasks performed by this subroutine

1
This subroutine reads the set-wide fission spectrum Xg g’ if one
exists, from record type 2 of data set XS.C.MIN.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

RCOMP

7.  Error messages generated by this subroutine - None

a
b

Subroutine IAREA (X)

Entry Points

Entry AREA (AREAL, AREAR, I)
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1. Arguments

Name Type Dimension Definition
X R*8 IMAX+1 Mesh line locations
AREAL R*8 -- Area on the left associated with

mesh line I

AREAR R*8 == Area on the right associated with
mesh line I

I I*4 -- Mesh line index

2. Common Blocks
/GNAME/

Variables used from this cammon block

Name Type Definition

GEQM R*8 Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'

3. Local Variables

Name Type Definition
RSLAB R*8 'RECTSLAB' for geometry type
CYL R*8 'CYLINDER' for geometry type
SPH R*8 'SPHERE' for geometry type
PI R*8 3.14159265

4. Functions and tasks performed by this subroutine

This subroutine calculates the area per unit height associated with a
specified mesh line I on the left (A ) and on the right (A ). The initial-
ization call is made to IAREA, and ca}fls for the area valuesRare made to
AREA.

The areas are computed as follows: *
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Ai = 4 )(2
L ; for a sphere,

AiR = Ar Xi+l

Ai = 2nX.
L x for a cylinder,

AiR = 2m Xi+1

Ai =A: 2= 11.0 for a rectangular slab,

i
L R
and By = Ai = 7 for a cylindrical slab.

L R

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

IAREA is called by CELCAL

AREA is called by FDCCEL (entry in CELCAL)
LKCELL (entry in CELCAL)
FLXCEL (entry in CELCAL)
DERCEL (entry in CELCAL)
CURCEL (entry in CELCAL)
LKFACE (entry in CELCAL)

7. Error messages generated by this subroutine - None

Function IBAL (BSQ, REGHHT, REGMSH, RMAX)
Entry Points
Entry BALW (REGNO)

1.  Arguments
Name Type Dimension Definition
BSQ R*8 RMAX*2 Buckling by B region and direction
REGHHT R*8 RMAX*2 Actual region half-height (H;).

by direction
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Name Type Dimension Definition

REGMSH I%2 IMAX Region-to-mesh correspondence
RMAX T#*4 -- Number of regions defined
REGNO 1*4 = Region number index

2.  Common Blocks

/GNAVE/

Variables used from this common block

Name Type Definition

GEOM R*8 Geametry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'

3. Local Variables

Name Type Definition
CSLAB R*8 'CYSLAB' for geometry type
CYL R*8 'CYLINDER' for geometry type
SPH R*8 'SPHERE' for geometry type
PI R*8 3.14159265
DUMMY R*8 Dummy argument passed to initialize
Jq function
BUCK R*8 B = Vg2
i i
WMOD1 R*8 Vi for rectangular slab
WMOD2 R*8 w., for rectangular slab

)

4. Functions and tasks performed by this function

This function calculates the integration weighting factor Wr for balance
calculations for a specified region r, denoted by REGNO. The initialization
call is made to IBAL, and calls for the integration weighting factor are
made to BALW.



The weighting factor is computed as follows:

Worm Y for a sphere or for an infinite region
: 82 = 0);
-r ’
SR
Wr = rr sm(Br(HL) r) s
where
VR e :
B 2—;;—; e for a finite cylinder;
W= 2— sin(B_ ;(H)_ )
I EaB el le?
il
where
A m =-\[ 2 for a rectangular slab with buckling
Br,l Zﬁr 1 Br,l 2 in the transverse direction only}
s
22 .
W, = g—sin(B, ,(), 5)»
b o2
where
B e T = BZ for a rectangular slab with buckling
.2 2Hr 2 1R in the axial direction only;
’
Wr — :B-; Sln(B l(HL) 1) Sln(Br Z(HL)I‘ 2) ’
where
B.1and B , are defined as above, for a rectangular slab with
- %o buckling in both directions;
and 2
H
e
= B, Jl(Br(HL)r) %
where
Ro= o o VBZ
T Hr 5

and o is the first zero of Jy, o » 2.40482556, for a finite cylindrical slab.
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5. Subprograms called by this function

IBAL calls IBFJ1

BALW calls EBEJ1 (entry in IBEJ1)
DUMP (entry in POINTR)

6. Subprograms calling this function

IBAL is called by CELCAL

BALW is called by FVCAL
LKCAL
PWRCAL
FISCAL
EXTCAL

7. Error messages generated by this fumction - None

Function IBEJ1 (X)
Entry Points

Entry EBFJ1 (X)

i Arguments
Name Type Dimension Definition
X R*8 -- Number for which the Bessel function
Jl(X) is to be computed
2. Common Blocks - None

3. Local Variables - Not Applicable

4. Functions and tasks performed by this function

This function computes the Bessel function Jl(X) for a given X. The
initialization call is to IBFJ1(X), where X is a dummy variable; the Bessel
function is actually computed by calling EBFJ1(X).

The function was written by K. Hillstrom and is documented in the
Applied Mathematics Division program library under the name BFJ1(X). The
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only change has been to set up initialization and calculation entries, and
therefore the method used will not be discussed here.

The program is used in this module in computing the integration
weighting factor Wr for a cylindrical slab.

5.  Subprograms called by this function - None

6. Subprograms calling this function

IBFJ1 is called by IBAL

EBFJ1 is called by BALW (entry in IBAL)

7. Error messages generated by this function - None

Subroutine IFSRC (QMPMSH, FSCMP, NUFIS, CHI, FLUX, FISSRC, CHIDIM, FSCMAX,

IMAX)
Entry Points
Entry FSRC (FLUX, FISSRC)

1. Arguments
Name Type Dimension
CMPMSH I*2 IMAX
FSQMP 12 CMAX
NUFIS R*8 FSCMAX*GMAX
CHI R*8 CHIDIM*GMAX
FLUX R*8 IMAX*GMAX
FISSRC R*8 IMAX*@GMAX
CHIDIM I%*4 --

Definition
Composition-to-mesh correspondence

Indices of fissionable compositions
in arrays dimensioned FSCMAX

Nu times fission cross section
Vo
it
1
Fission spectrum Xg g
Flux ¢i by mesh interval and group
(FLX(1,1,NTH) in BLK array)

Fission source by mesh interval
and group

First dimension of fission spectrum
array CHI
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Name Type Dimension Definition

FSQMAX 1! -- Number of fissionable campositions
defined

IMAX 1*4 -- Number of mesh intervals defined

2. Common Blocks

/SINGLE/FLT(100) , INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition
FLT(1) PROB Problem type TREAL'
'ADJOINT'
INT(37) GMAX Number of groups defined
INT(39) MTRCHI Fission spectrum 0-x-vector
array type 1-x-matrix

3. Local Variables

Name Type Definition

ADJ R*8 'ADJOINT' for problem type

QVMPNO 1#4 Number of composition corresponding to
mesh interval I

NESQVP 1*4 Number of fissionable composition cor-
responding to mesh interval I

FISLOC 1*4 First subscript of given element in CHI
array for yx-matrix

SUM R*8 Sum(o)f fission source terms dependent on
g' Al

4. Functions and tasks performed by this subroutine

This subroutine computes the fission source by mesh point and group
for a k-effective calculation. IFSRC is the initialization entry; FSRC per-
forms the calculation.



The fission source is defined, for a real problem, as

G

](_1 1 8'8(y.q )8, p Y for a x-matrix
eEf 151 ARt e Rl Pigri "
and
I g ¢ g v £
RE Xi g'zl ("'cf)c(i) Hagrls or a y-vector.
For an adjoint problem, the fission source is
L (veopt (2; R -matri
Fe_f; Y of C(i) g'=1 Xi ¢ig' - Oor a x-matrix,
and
1 g ¢ g
ke—f; (‘""f)c(i) g'zlx ¢ig'Vi for a y-vector .
The entire fission source term is not computed in this subroutine; the
1

T and Vi terms are multiplied in TSRC (entry in ITSRC).
eff

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

IFSRC is called by ISUBS .
FSRC is called by SWEEP (entry in ISWEEP)

7. Error messages generated by this subroutine - None

Subroutine INDOT1 (FLX, IMAX, GMAX)
Entry Points
Entry ENDOT1 (N,IRETRN)

1.  Arguments
Name Type Dimension Definition
FLX R*8 IMAX*GMAX*4 Flux ¢, for four or three genera-
for upscat- tions
ter problem
IMAX*GMAX*3

otherwise
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Name Type Dimension Definition
IMAX 1*4 -- Number of mesh intervals defined
GMAX I*4 -- Number of groups defined
N 1*4 - Iteration number
IRETRN I*4 -- Convergence flag -1l-error has occured
returmned 0-normal return
1-problem has
converged
2.  Common Blocks
/SINGLE/FLT(100) , INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block
Name Local Name Definition

FLT(11) FLXEPS Convergence criterion e g on maximum
average relative flux difference

FLT(12) LAMEPS Convergence criterion €, on difference
in flux bounds

FLT(14) A Interval shift factor for Chebyshev
extrapolation

FLT (15) FLXMON Flux monitoring ratio (factor for
computing FLXNGL)

FLT(72) FLXCVG Sum of (n-1)th-generation fluxes
over intervals and groups

FLT(73) FLXNGL Number less than which fluxes are to
hz neglected in computation of flux
bounds

INT(13) NTEST Number of iterations to be done in an
extrapolation sequence before testing
for payoff

INT(14) NEXT Maximum number of iterations to be done

in an extrapolation sequence

INT(15) NUNEXT Number of unextrapolated iterations to
be done following an extrapolation se-
quence before starting another
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Name

INT(16)

INT(51)
INT(52)

INT(53)

Name

NDIV

FLXDIF

LAMDIF

SIGMA

ALPHA
BETA

NUM2

Local Name

P

NTH
NM1

NM2

Local Variables

Iype
I*4

R*8

R*8

R*8

R*8

R*8
R*8
R*8

I*4

Definition
Degree of Chebyshev polynomial (itera-
tion counter)
Index of nth-generation flux in array FLX

Index of (n-1)th-generation flux in array
FLX

Index of (n-2)th-generation flux in array
FLX

Definition
Number of successive times iterations have
diverged (¢ > 1)
Maximum relative average flux difference,
used in testing for convergence
FLXDIF = ™3X (FLXDF1)

Difference between flux bounds, X-A,
used in testing for convergence

Estimated rate of convergence of fluxes o
for Chebyshev extrapolation
Actual reduction ratio Elgr_l)l for Cheby-

shev extrapolation, the ratio of the
flux difference FLXDIF after p-1 ex-
trapolated iterations to the flux dif-
ference at the beginning of the extra-
polation sequence

First Chebyshev coefficient a
Second Chebyshev coefficient B8
Sumn of squares of fluxes
(e ) <2

R Chrnd®)

g=1 i=1 8

Sum of current fluxes for update of
FLXCVG

G 1
)
¢\

gzl izl S

1355
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Name

LAMUP

LAMLOW

SIGBAR

LAMRAT

FLXDF1

FLXNTH

FLXNM1
FLXNM2

RATO

PML
ARG

CMP1

OMEGA

R*8

R*8

R*8

R*8

R*8

R*8

R*8
R*8
R*8

R*8
R*8

R*8

R*8

Definition
) L
—(n) _ max i
Upper flux bound, A T ;TH%%T
1,8
o)

(n) _ min it
Lower flux bound, A ig ;IE%%T
1,8

Ratio of flux differences FLXDIF for nth
generation to that for (n-1)th generation

Ratio of difference between flux bounds
LAMDIF for nth generation to that for
(n-1)th generation

Average relative flux difference for
given group g

I
. (m) S (i
. 'Zl ¢i’g ¢i,g
FLXDF1 lc
¢§n-1)
g=1 i=1 '°8

nth-generation flux for given i and g,
before extrapolation

(n-1) th-generation flux for given i and g
(n-2) th-generation flux for given i and g

Ratio of fluxes for given i and g,
0@

_%15_7., used in computing flux bounds A
=1l
¢i,g and A

p-1, for computing CPM1
2-0-a

Hyperbolic cosine of y, cosh y = e
for Chebyshev extrapolation

Optimal reduction ratio for Chebyshev
extrapolation, Cp_1 = cosh[(p-1)v]

Intermediate step in computation of new o
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4. Functions and tasks performed by this subroutine

This subroutine ends each outer iteration by monitoring the iteration,
performing Chebyshev acceleration if desired, and checking for convergence.
INDOT1 is the initialization entry; ENDOT1 performs the calculations.

ENDOT1 first updates P, the Chebyshev acceleration counter and degree
of the polynomial when greater than zero, by adding 1 to it. (P is initially
set to -NSTART in SOUTER and is reset to -NUNEXT after an extranolation se-
quence, and hence when negative it counts the number of iterations between
extrapolation sequences.) If the resulting value of P is negative, no accel-
eration is contemplated for this iteration; if zero, acceleration could be-
gin on the next iteration if otherwise feasible; and if greater than zero,
the iteration is part of an acceleration sequence. If acceleration is to
be performed on this iteration (P > 0), CHEB is called to compute the Cheb-
yshev coefficients, o and B.

The information necessary for monitoring and for checking for conver-
gence is then updated. The sum of the squares of the fluxes NUM and the sum
of the fluxes NUM2 are computed. The relative average flux difference FLXDF1

I
2 m _ -1
: (izl Pig” fie )
G

§ o)
1,8 .

is computed as

BIRXDEL 8=

g=1 i=1
and the maximum relative average flux difference FLXDIF is then mgx[(FLXDFl)g].
The number of the group in which FLXDIF occurs is preserved as GMMAX.
If ¢(n D is greater than FLXNGL (the lower bound on fluxes used in com-
puting the flux bounds LAMUP and LAMLOW), the rate of convergence RATO for

o)
an interval I and group G, (_T%T%T) , is computed, and the flux bounds
1.2 i
T - T (RATO; ) and 2@ - W ato, ) are tallied. Then, if
i a3

acceleration is to be performed, the flux ¢\n) is updated using the equa-

(n) = ¢gng1) + o ¢£n% 2 ¢§ng1) (n e gn % , where o and
1, ’ s

B g i '8 1sg

g are the Chebyshev coefficients. After these tasks have been performed
over all intervals and groups, the flux bounds difference LAMDIF is computed
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as X{n) - Aﬁn). The information generated on this pass is then printed, and
a new FLXNGL and FLXCVG to be used on the next pass are generated. The sub-
routine then checks for convergence, comparing FLXDIF to FLXEPS and LAMDIF
to LAMEPS. If the problem has converged, the subroutine sets IRETRN to 1
and returns control to the calling program.

If the problem has not converged, two indicators of the rate of conver-
gence, SIGBAR and LAMRAT, are computed. SIGBAR is the ratio of the flux
difference FLXDIF computed on this iteration to that computed on the last
iteration, and LAMRAT is the analogous ratio of flux bounds differences
LAMDIF. For an iteration directly preceeding one in which an extrapolation
sequence could begin (P=0), the subroutine checks to see if this is desir-
able. If the rate of convergence SIGBAR is satisfactory (< .5), P is set
to -1, thus deferring acceleration for one more pass.

If this is not the case, the subroutine checks to see if previous ex-
trapolation has caused the problem to diverge (SIGBAR > 1). If this has
happened, P is also set to -1. If this occurs for twelve iterations in suc-
cession, the problem is considered to be insoluble; this probably indicates
that the input data is incorrect. Execution is terminated.

If, following these tests, the beginning of an extrapolation sequence
on the next pass is still desired, and if the estimated rate of convergence
SIGMA has previously been set to zero, SIGMA is set equal to SIGBAR. This
completes the calculations preliminary to an extrapolation sequence.

For an iteration which was part of an extrapolation sequence, other
monitoring is performed.

The error-reduction ratio ENPMl(Eé?%), consisting of the ratio of the
flux difference at this iteration to that at the beginning of the extrapola-
tion sequence, is updated. If the minimum number of iterations NTEST to an
extrapolation sequence has been performed, the error-reduction ratio over
the sequence, ENPMlL, is compared to the estimated ratio without extrapolation,
SIGMA to the (p-1) power. If the estimated ratio without extrapolation is
the same as or better than the actual ratio, SIGMA is set to zero (so that
it can be re-estimated before the next sequence) and the sequence is term-
inated.

If the actual ratio is better, the problem becomes one of whether to
keep the current SIGMA or to estimate a new value. To determine this, the

term CPM1, the reciprocal of the optimal reduction ratio, is computed:
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C(p—l) = cosh[(p-l) cosh™! (—2:;3‘”,

where a is the interval shift factor A and o is SIGMA. The optimal reduc-

tion ratio Cdbl is then compared to the actual reduction ratio, ENPMI1; if
the actual ratio is better, SIGMA is kept, and if the optimal ratio is
better, SIGMA is re-estimated as

-1 ()
h B oll(®
= .5|(c+a) + (0-a) cosh(COS ( Pl D'l‘)
p-1

In any case where extrapolation can be continued, then, the number of
extrapolated iterations P in this sequence is compared to the maximum number
NEXT in a sequence. If this number has been reached, ENPM1 is set to zero,

P is set to -NUNEXT, and the sequence is ended. In all cases, if SIGMA is
greater than .99995, it is reset to that value, and the accleration monitor-
ing values are printed. This concludes the tasks performed by this subroutine.

5. Subprograms called by this subroutine

INDOT1 call - None
ENDOT1 calls CHEB
DACOSH
ERRMSG .

6. Subprograms calling this subroutine

INDOT1 is called by ISSUBS
ENDOT1 is called by SOUTER

7. Error messages generated by this subroutine

Message: *%#%*QUTER ITERATIONS HAVE DIVERGED TWELVE TIMES IN
SUCCESSION

ERROR NUMBER 1 IN SUBROUTINE ENDOT1

Significance: Following Chebyshev extrapliation, the iterations have
diverged on twelve successive passes.

Action taken: IRETRN is set to -1, and execution is terminated.
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Subroutine INDOT2 (FLX, IMAX, GMAX)

Entry Points
Entry ENDOT2 (N, IRETRN)

1. Arguments

Name Type Dimension Definition
FLX R*8 IMAX*GMAX*4 Flux 95 g for four or three gener-
for upscatter SN <
problem
IMAX*GMAX*3
otherwise
IMAX I*4 -- Number of mesh intervals defined
GMAX I*4 -- Number of groups defined
N I*4 -- Iteration number
IRETRN I*4 —= Convergence flag -l-error has
occurred
0-nommal return
1-problem has
converged

2.  Common Blocks

/SINGLE/FLT (100) ,INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

FLT(11) FLXEPS Convergence criterion e g on difference
in flux

FLT(12) LAMEPS Convergence criterion e, on flux bounds

FLT(15) FLXMON Factor for computing FLXNGL

FLT(72) FLXCVG Sum of nth-generation fluxes over intervals
and groups

FLT(73) FLXNGL Number less than which fluxes are neglected

in camputation of flux bounds



Name

INT(13)

INT(15)

INT(16)

INT(51)
INT(52)

INT(53)

Local Name

NTEST

NUNEXT

NM2

3. Local Variables

Name

GMMAX

NWM

NUM2

LAMLOW

SIGBAR

Type
1*4

R*8

R*8

R*8

R*8

R*8

R*8

155

Definition

Number of iterations to be done in an ex-
trapolation sequence before testing for
payoff

Number of unextrapolated iterations to
be done following an extrapolation
sequence before starting another

Degree of Chebyshev polynomial (itera-
tion counter)

Index of nth-generation flux in array FLX

Position of (n-1)th-generation flux in
array FLX

Position of (n-2)th-generation flux in
array FLX

Definition

Number of group in which maximum relative
average flux difference FLXDIF occurs

Sum of squares of fluxes
G

I
11 efy?

g=1 i=1

Sum of current fluxes for update of FLXCVG

g1
(n)
(65 )
gzl 121 e

o™
Upper flux bound, X = max _%ﬁ%TT
o0

o)
Lower flux bound, Aﬁn) = max ( 2 )

< n-=1

i

Ratio of flux difference FLXDIF for nth
generation to that for (n-1)th generation

Ratio of difference between flux bounds
LAMDIF for nth generation to that for
(n-1) th generation
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Name

FLXDF1

FLXDIF

FLXNTH
FLXNM1
OMEGA
RATQ

LAMDIF

ENPM1

R*8

R*8

R*8
R*8
R*8

R*8

R*8

R*8

Definition

Average relative flux difference for given

group g
I

: n) _
S kil
FIXDFL, = —a—7
: I 1 eiD)
gl gt T

(n-1)

% ,g

Maximum relative average flux difference,
used in testing for convergence

FLXDIF = max (FLXDFlg)
g

nth-generation flux for given i and g
(n-1) th-generation flux for given i and g
Successive over-relaxation parameter w

Ratio of fluxes for given i and g,

b

1:1 ,"used in computing flux bounds
¢ing A and A

s

Difference between flux bounds X and
), used in testing for convergence

Actual reduction ratio E(I})l for extrapo-

lation, the ratio of the flux difference
FLXDIF after p-1 extrapolated iterations
to the flux difference at the beginning
of the extrapolation sequence

4. Functions and tasks performed by this subroutine

This subroutine ends each outer iteration by monitoring the iteration,
performing successive over-relaxation extrapolation if necessary, and checking
INDOT2 is the initialization entry; ENDOT2 performs the

for convergence.

calculations.

ENDOT2 first updates P, the SOR extrapolation counter, by adding 1 to
it. (P is initially set to - NSTART in SOUTER and is reset to - NUNEXT
after an extrapolation sequence; hence when negative it counts the number

of iterations between extrapolation sequences, and when positive counts the



number of extrapolated iterations.) If the resulting value of P is negative,
no acceleration is planned for this iteration; if zero, acceleration could
begin on the next iteration if otherwise feasible; and if greater than zero,
the iteration is part of an acceleration sequence. If extrapolation is to
be performed, the extrapolated flux $§?§ is camputed as

fns); (n; (¢£,g'¢g:gl))‘
The extrapolated flux is then used as the nth-generation flux ¢( n)

The information necessary for monitoring the iteration and check1ng for
convergence is then updated. The sum of the squares of the fluxes NUM and
the sun of the fluxes NUIM2 are calculated. The relative average flux dif-
ference for each group, FLXDFlg, is computed as

(n) (n-1)
G h - ¢
iz'l t¢1’g ¢1,g
FLXDFlg = T T
1 gl
2 i
g=1 i=1
and the maximum relative average flux difference FLXDIF is then mgx [FLXDFlg].

The number of the group in which FLXDIF occurs is preserved as GMMAX.
ik ¢£?é1) is greater than FLXNGL (the lower bound on fluxes used in com-
puting the flux bounds LAMUP and LAMLOW), the rate of convergence RATO for an
(n)
interval i and group g, (_TﬁgTT , is computed, and the flux bounds LAMUP and
’g

¢_(n) ¢{n)
LAMLOW, py oI max ( ln-l ) : 2@ min (—%ﬁ%TT) , are computed. The flux
1,8 \¢5 i,g i,g ¢',g

bounds difference LAMDIF is then calculated as (A(n) (n))- The informa-
tion generated on this pass is printed.

The subroutine then checks for convergence, comparing FLXDIF to FLXEPS
and LAMDIF to LAMEPS. If the problem has converged, the flag IRETRN is set
to 1 and control is returned to the calling program.

If it has not converged, a new FLXNGL and FLXCVG to be used on the next
pass are generated. Two indicators of the rate of convergence, SIGBAR (o)
and LAMRAT, are computed. SIGBAR is the ratio of the flux difference FLXDIF
computed on this iteration to that computed on the last iteration, and LAMRAT
is the analogous ratio of the flux bounds differences LAMDIF.

141
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For an iteration immediately preceding one in which an extrapolation
sequence could begin (P=0), the subroutine updates the extrapolation para-

meter OMEGA according to the formula

2
0+ a8

For an iteration which is part of an extrapolation sequence, the error-
reduction ratio Eé?i is computed. This consists of the ratio of the flux
difference FLXDIF after p extrapolated iterations to the flux difference at
the first iteration in this extrapolation sequence. If p is less than NTEST,
the minimum number of iterations to be done in an extrapolation sequence, no
test of the effectiveness the acceleration procedure is made. Otherwise, the

following test is made:
i
p-1
@),P
(Ep_l)
If this is true, extrapolation will be continued. If it is not true, the

< (w-1).

extrapolation procedure is considered not to be paying; the value of p is
set to -NUNEXT to force unextrapolated iterations, and the value of w is
set to 1. If the problem is close to diverging, i.e., if 5':_.995, unex-
trapolated iterations will also be forced.

In any case, the extrapolation monitoring values are then printed, and
IRETRN is set to zero. This concludes the tasks of the subroutine.

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

INDOT2 is called by ISSUBS
ENDOT2 is called by SOUTER

7.  Error messages generated by this subroutine - None




Subroutine INDOUT (FLX, IMAX, GMAX)

Entry Points

Entry ENDOUT (N, IRETRN)

1.  Arguments

Name

FLX

IMAX

IRETRN

Type
R*8

1#4
1#4
1%4
1#4

2. Common Blocks

Dimension

143

Definition

IMAX*GMAX*4 Flux o5 g for four or three genera-
’

for upscatter

problem

tions

IMAX*GMAX*3

otherwise

/SINGLE/FLT(100), INT(100)

Number of mesh intervals defined
Number of groups defined
Iteration number

Convergence flag -l1-error has
occurred
0-normal return
1-problem has
converged

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name
FLT(2)
FLT(11)

FLT (12)

FLT(13)

FLT(14)

FLT(15)

Local Name

KEFF
FLXEPS

LAMEPS

EPSKEF

AOUTER

FLXMON

Definition
kes

Convergence criterion e. on sum of absolute
value of flux differences

Convergence criterion e, on difference in

flux bounds X

Convergence criterion €y On difference in
Ketf

Interval shift factor for Chebyshev ex-
trapolation

Flux monitoring ratio
(factor for computing FLXNGL)
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Name Local Name Definition

FLT(72) FLXCVG Sum of nth-generation fluxes over inter-
vals and groups

FLT(73) FLXNGL Number less than which fluxes are neg-
lected in computation of flux bounds

INT (13) NTEST Number of iterations to be done in an ex-
trapolation sequence before testing for
payoff

INT (14) NEXT Maximum number of extrapolated iterations
in an extrapolation sequence

INT(15) NUNEXT Number of unextrapolated iterations to be
done between extrapolation sequences

INT(16) B Degree of Chebyshev polynomial (iteration
counter)

INT(51) NTH Index of nth-generation flux in array
FLX

INT(52) NM1 Index of (n-1)th-generation flux in array
FLX

INT (53) NM2 Index of (n-2)th-generation flux in array
FLX

3. Local Variables
Name Type Definition

NDIV 1*4 Number of successive times iterations
have diverged (¢ > 1)

FLXDIF R*8 Flux difference used in testing for con-
vergence

G I
) y ]¢§n) ? ¢(n-1)[

£ = i,g i,g
FLXDIF = E21_1=1 ¢
G 1
D)
g=1 i=1 18
LAMDIF R*8 Difference between flux bounds, X - A,

used in testing for convergence

SIGMA R*8 Estimated rate of convergence of fluxes
for Chebyshev extrapolation

ENPM1 R*8 Actual reduction ratio Eé?% for Chebyshev

extrapolation, the ratio of the flux dif-
ference after p-1 extrapolated iterations
to the flux difference at the beginning of

el  mnrieanrnanem’] SR TR RO SR G et



Name

BETA

LAMLOW

LAMRAT

SIGBAR
FLXNTH

FLXNM1
FLXNM2

R*8
R*8
R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8
R*8
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Definition
First Chebyshev coefficient o
Second Chebyshev coefficient B

Sum of squares of fluxes

Z Z (M2

g=1 i=1 i,¢

Denominator for computing new k off

t (n) 2
k@ K(@-1) g-l = 1
eff eff el
R [l i
g=1 i=1 1,8 1,g

(n 1) , _NuM
ef £~ " DENOM

Upper flux bound,

n

2 i,g ¢'n1

00
X‘(n) max 1)
1,g

Lower flux bound

o

é-(n) G in 1)

Ratio of difference between flux bounds
LAMDIF for nth generation to that for
(n-1)th generation

Ratio of flux differences FLXDIF for nth
generation to that for (n-1)th generation

nth-generation flux for given i and g
before extrapolation

(n-1)th-generation flux for given i and g

(n-2) th-generation flux for given i and g
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Name Type Definition
RATO R*8 Ratio of fluxes for given i and g,
o @) i )
il used in_computing flux
¢in—li > bounds A and A
i,g
KEFDUM R*8 Temporary storage for new keff’ ké?%
KEFDIF R*8 Difference in k at nth generation,
L
keff = keff , the absolute value of
which is used in testing for convergence
PM1 R*8 P-1, for computing CPM1L
ARG R*8 Hyperbolic cosine of y, cosh y = 2;?;a
for Chebyshev extrapolation
CPM1L R*8 Optimal reduction ratio for Chebyshev

extrapolation, Cv-l = cosh [(p-1)v]

4, Functions and tasks performed by this subroutine

This subroutine ends each outer iteration by monitoring the iteration,
performing Chebyshev acceleration if desired, and checking for convergence.
INDOUT is the initialization entry; ENDOUT performs the calculations.

ENDOUT first updates P, the Chebyshev acceleration counter and degree
of the polynomial when greater than zero, by adding 1 to it. (P is initially
set to -NSTART in OUTERS and is reset to -NUNEXT after an extrapolation se-
quence, and hence when negative it counts the number of iterations between
extrapolation sequences.) If the resulting value of P is negative, no accel-
eration is contemplated for this iteration; if zero, acceleration could be-
gin on the next iteration if otherwise feasible; and if greater than zero,
the iteration is part of an acceleration sequence. If acceleration is to be
performed on this iteration (P>0), CHEB is called to compute the Chebyshev
coefficients, o and B.

The information necessary for monitoring and for checking for convergence
is then updated. The sum of the squares .of the fluxes NUM, the sum of the
fluxes FLXCVG, and the denominator DENOM used in the keff calculation are
computed. If ¢£?él) is greather than FLXNGL (the lower bound on fluxes used
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in computing the flux bounds LAMUP and LAMLOW), the rate of convergence RATO
for an interval I and group G,

)

ig
is computed, and the.flux bounds
@) N
X = max (7}'{% and ) = min (Tlr)'fﬂ)
1,8 i,g 1,8 ‘t’i,g

are tallied. For all fluxes the sum of the flux difference over intervals
and groups,

(z; % '( (e (n 1))

g=1 1=1 *ig” Y

is computed. Then, if acceleration is to be performed, the flux ¢(n) is
updated using the equation

(n 1)

=l (n) o1 (n-1) (n-2)
+ 3 + : - ¢s
¢1,g i a (¢ 1,g e (¢1,g ¢1,g )i
where o and B are the Chebyshev coefficients. If the flux becomes negative
as a result of this operation, it is assumed to be near zero, and the absolute
value of the flux is used.
After these tasks have been performed over all intervals and groups, the

new ke £f is computed from the fluxes before acceleration,

e
e v et Bl
eff e N 5T
o B g e

g=1 i=1

The flux bounds difference LAMDIF is T(n) - A (n), and the flux difference
FLXDIF becomes

2 e
g=1 i=1 18 "i.g
- pigE
()
Rochodin

g=1 i=1
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The information generated on this pass is then printed, and a new FLXNGL to
be used on the next pass is generated. The subroutine then checks for con-
vergence, comparing the absolute value of KEFDIF to EPSKEF, FLXDIF to FLXEPS,
and LAMDIF to LAMEPS. If the problem has converged, the subroutine sets
IRETRN to 1 and returns control to the calling program.

If the problem has not converged, two indicators of the rate of conver-
gence, SIGBAR and LAMRAT, are computed. SIGBAR is the ratio of the flux dif-
ference FLXDIF computed on this iteration to that computed on the last iter-
ation, and LAMRAT is the analogous ratio of flux bounds differences LAMDIF.
For an iteration directly preceeding one in which an extrapolation sequence
could begin (P=0), the subroutine checks to see if this is desirable. If
the rates of convergence SIGBAR and LAMDIF are both satisfactory (< .5), P
is set to -1, thus deferring acceleration for one more pass.

If this is not the case, the subroutine checks to see if previous ex-
trapolation has caused the problem to diverge (SIGBAR > 1). If this has
happened, P is also set to -1. If this occurs for twelve iterations in suc-
cession, the problem is considered to be insoluble; this probably indicates
that the input data is incorrect. Execution is terminated.

If, following these tests, the beginning of an extrapolation sequence
on the next pass is still desired, and if the estimated rate of convergence
SIGMA has previously been set to zero, SIGMA is set equal to SIGBAR. This
completes the calculations preliminary to an extrapolation sequence.

For an iteration which was part of an extrapolation sequence, other mon-
itoring is performed.

The error-reduction ratio ENPM1L (Eé?% is updated, consisting of the ratio
of the flux difference at this iteration to that at the beginning of the ex-
trapolation sequence. If the minimum number of iterations NTEST to an extrap-
olation sequence has been performed, the error-reduction ratio over the se-
quence, ENPM1, is compared to the estimated ratio without extrapolation,
SIGMA to the P-1) power. If the estimated ratio without extrapolation is
the same as or better than the actual ratio, SIGMA is set to zero (so that
it can be re-estimated before the next sequence) and the sequence is terminated.

If the actual ratio is better, the subroutine compares the difference
in keff’ KEFDIF, to the convergence criterion again, since satisfaction of
this criterion determines for the purposes of the routine that keff is known
well enough to extrapolate successfully. If this criterion is not met, but
if the error-reduction ratio ENPM1 over the sequence is still better than



that estimated if extrapolation were stopped at this point (SIGMA to the (RE1)
power), the extrapolation sequence is continued unless the upper limit of the
number of iterations to a sequence (NEXT) has been reached. If the error-
reduction estimate is not better than that estimated to occur without ex-
trapolation, SIGMA is again set to zero and the extrapolation sequence is
ended.

16 keff satisfies the input criterion EPSKEF, the problem becomes one
of whether to keep the current SIGMA or to estimate a new value. To determine
this, the term CPMl, the reciprocal of the optimal reduction ratio, is com-
puted: C(p-l) = cosh [(p-1) - cosh_1 (Zé%éé.)], where a is the interval shift
factor AOUTER and o is SIGMA. The optimal reduction ratio Cdbl is then com-
pared to the actual reduction ratio, ENPMl; if the actual ratio is better,

SIGMA is kept, and if the optimal ratio is better, SIGMA is re-estimated as

=1 ()
h E e
g = .5|(ct+a) + (o-a) cosh(cos ‘ p-1 D-l)) ;

p-1
In any case where extrapolation can be continued, then, the number of
extrapolated iterations P in this sequence is compared to the maximum number
NEXT in a sequence. If this number has been reached, ENPM1 is set to zero,
P is set to -NUNEXT, and the sequence is ended. In all cases, if SIGMA is
greater than .99995, it is reset to that value, and the acceleration monitor-

ing values are printed. This concludes the tasks performed by this subroutine.

»

5. Subprograms called by this subroutine

INDOUT calls - None

ENDOUT calls CHEB
ERRMSG
DACOSH

6. Subprograms calling this subroutine

INDOUT is called by ISUBS
ENDOUT is called by OUTERS

7. Error messages generated by this subroutine

Message : #RAKAELUX = x.x00000BExx FOR I = iiii G = iiii
ABSOLUTE VALUE OF FLUX WILL BE USED

ERROR NUMBER 1 IN SUBROUTINE ENDOUT

149
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Significance: The flux for the specified mesh interval and group has
gone negative following Chebyshev acceleration. It is
assumed that the flux is very close to zero for this to
have occured.

Action taken: Flux for this mesh interval and group is set to the ab-
solute value of the flux.

Message: *****QUTER ITERATIONS HAVE DIVERGED TWELVE TIMES IN
SUCCESSION

ERROR NUMBER 2 IN SUBROUTINE ENDOUT

Significance: Following Chebyshev extrapolation, the iterations have
diverged on twelve successive passes.

Action taken: IRETRN is set to -1, and execution is terminated.

Subroutine INVERT (R, A, C, F, OMEGA, X, IMAX)

1. Arguments

Name Type Dimension Definition

R R*8 IMAX The terms whose reciprocals are the
diagonal elements of the lower tri-
angular matrix L of the tri-diagonal
matrix A=LU for a given group
(R(1,G) fram BLK array)

A R*8 IMAX Finite difference coefficient at right
boundary of cell for given group
(A(1,G) from BLK array)

F R*8 IMAX Total source by mesh interval for
given group (TOTSRC in BLK array)

OMEGA R*8 IMAX The solution, Lw=F, of the down sweep
in the Choleski inversion of the tri-
diagonal matrix A=LU, used in the up
sweep Ux=w.

X R*8 IMAX*GMAX Current fluxes for given group
(FLX(1,G,LTH) or FLX(1,G,NTH) from
BLK array)

IMAX I*4 -- Number of mesh intervals defined

2.  Common Blocks - None
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3. Local Variables

Name Type Definition

1 1*4 Increasing index on mesh intervals,
I=1,...,IMAX

ISUB I*4 Decreasing index on mesh intervals,
ISUB=IMAX-I+1

4. Functions and tasks performed by this subroutine

This subroutine performs a Choleski inversion of a given tri-diagonal
matrix A, in order to solve the equation Ax=F for all mesh intervals for a
given group.

The elements of the tri-diagonal matrix A are the finite difference
coefficients a, c, and e by mesh point for this group. The matrix is divided
into an upper triangular matrix U, whose diagonal elements are 1, and whose
non-zero off-diagonal elements are the products ar., and a lower triangular
matrix L, whose diagonal elements are ;1;— , where r; is formed from the cen-
tral finite difference coefficient e nd whose non-zero off-diagonal elements
are -c;, so that A=LU. The three matrices are displayed below.

A forward sweep over all intervals is then made to compute w, from the
relation Lw=F. Here wy = rlFl, and for each succeeding value i=2,...,I,
wy = ri(Fi+ciwi_1). A reverse sweep over all intervals is then made to
solve the second relation, Ux=w, for x. Here xI‘= wI and for each value

el ], X, = w.ta. T.X.
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5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

SWEEP (entry in ISWEEP)
SSWEEP (entry in ISSWEP)

7.  Error messages generated by this subroutine - None

Function IPHVOL (REGHHT, REGMSH, RMAX, IMAX)
Entry Points

Entry PHYVOL (REGNO)

1.  Arguments
Name Type Dimension Definition
REGHHT R*8 RMAX*2 Actual region half-height (HL)r by

direction

REGMSH %2 IMAX Region-to-mesh correspondence
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Name Type Dimension Definition

RMAX 1*4 e Number of regions defined

IMAX ¥&q e Number of mesh intervals defined
REGNO 1*4 == Region number index

2.  Common Blocks

/GNAVE/

Variables used from this common block

Name Type Definition

GEOM R*8 Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'

3. Local Variables
Name Type Definition
RSLAB R*8 'RECTSLAB' for geometry type

4. Functions and tasks performed by this function

This function computes the actual physical \‘/olume of a finite region,
or the volume per unit height of an infinite region or a region in a sphere.
This function is initialized by calling IPHVOL; the volume routine
VOL must also have been initialized through a call to IVOL. (Both can be
accompolished by initializing CELCAL). The physical volumes are calculated
in PHYVOL.

The volumes are calculated as follows for a given region r:

Ve

2(H), i \A for a cylinder, cylindrical slab,
ier or sphere,

or V.= 4(HL)r,l . (HL)r,Z . in Vv, for a rectangular slab.
This calculation can be done without checking to see whether the reactor is
finite or infinite or spherical because whenever buckling is not defined in
a given direction, the actual half-height is set to .5. Hence, the product



154

Z(I-IL)r (or 4(H

simply 1.

5. Subprograms called by this function

L)r,l L)r,Z

IPHVOL calls - None

PHYVOL calls VOL (entry in IVOL)

6. Subprograms calling this function

IPHVOL is called by CELCAL

PHYVOL is called by PGEOM

FVCAL

for an infinite or a spherical reactor is

7. Error messages generated by this function - None

Subroutine ISOURC (CMPMSH, FSCMP, NUFIS, CHI, SCTLIM, SCTLOC, SCTXS, NEWFLX,

Entry Points

OLDFLX, FIXSRC, TOTSRC, EXTBC, CMAX, FSCMAX, CHIDIM, SCTDIM,
IMAX, GMAX)

Entry SOURCE (NEWFLX, OLDFLX, TOTSRC, G)

1. Arguments

Name Type Dimension
QMPMSH 147/ IMAX

FSCMP T#*2 CMAX

NUFIS R*8 FSCMAX*GMAX
CHI R*8 CHIDIM*GMAX
SCTLIM 11 2*CMAX
SCTLOC 152 CMAX*GMAX

Definition
Composition-to-mesh correspondence

Indices of fissionable compositions
in arrays dimensioned FSOMAX

Nu times fission cross section
\)'Gf

|l
Fission spectrum Xg g

Maximum number of groups of down-

‘scattering and of upscattering for

each composition

Location of scattering band for given
composition and group in array SCTXS



Name Type Dimension
SCTXS R*8 SCTDIM*GMAX
NEWFLX R*8 IMAX*GMAX
OLDFLX R*8 IMAX*GMAX
FIXSRC R*8 IMAX*GMAX
TOTSRC R*8 IMAX
EXTBC R*8 IMAX*GMAX
QMAX 1*4 --
FSCMAX ik --
CHIDIM I1*4 --
SCTDIM 1*4 --
IMAX 1*4 --
GMAX I*4 --

G 1*4 --

2. Common Blocks

/SINGLE/FLT(100) ,INT(100)

Variables used from this common block
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Definition
i Y
Scattering cross section 9 g

Flux ¢(n) for this generation
(FLX(l,l,NTH) in BLK array)

Flux ¢(n 1) for previous generation

(FLX (1, 1 ,NM1) in BLK array)
External fixed source Si g’ if present
3

Total source F, by mesh interval for
given group g

Source due to inhomogeneous inter-
face conditions, B.1 g’ if present
’

Number of compositions defined

Number of fissionable compositions
defined

First dimension of fission spectrum
array CHI

First dimension of scattering array
SCTXS

Number of mesh intervals defined
Number 6f groups defined

Group for which calculations are
being performed

Single variable container. FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Name Local Name Definition
FLT (1) PROB Problem type 'REAL’

' ADJOINT'
FLT (6) MU 1/k e factor for source calculation
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Name Local Name Definition
INT (39) MTRCHI Fission spectrum 0-x-vector
array type 1-x-matrix

S Local Variables

Name Type Definition

ADJ R*8 'ADJOINT' for problem type

CMPNO 1*4 Composition number corresponding to
given mesh interval I

SCTSRC R*8 Scattering source for given mesh inter-
val I

ILIM1 I*4 Lower limit of scattering band for given

composition and group

HLIM2 I*4 Upper limit of scattering band for given
composition and group

FISSRC R*8 Fission source for given mesh interval I

NESCMP 1*4 Fissionable composition index of composi-
tion corresponding to given mesh interval
I

FISLOC 1*4 Location of specified element in fission-

spectrum array CHI for x-matrix

4. Functions and tasks performed by this subroutine

This subroutine computes the scattering source, the fission source, and
then the total source for each mesh interval I for a given group G, for the
one-dimensional diffusion theory source calculation.

For each mesh interval, the scattering source (without the volume term)
is first computed:

G '
SCISRC = g8
g.zl %d) ¢
using the current generation flux ¢(n; for downscattering and the previous
generation flux ¢(ng1)for upscattering.
The fission source is then computed for each interval, again without

the volume term or the u factor: For a real problem, the portion computed
is
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FISSRC g g's g' i i
= g'ZI Xe (1) (v Uf)c(i) ¢i,g' or a x-matrix,
g ¢ g'
or FISSRC = XS(1) g'zl (V'Uf)c(i) Qi,g' for a x-vector.

For an adjoint problem it is

FISSRC

G '
; g g8 . o g
(v cf)c(i) g'zl Xe(1) ¢’i,g' for a x-matrix

or FISSRC

, for a x-vector.

G '
e ) g2
(\) cf)c(l)glzl Xc(i) ¢1’g

The current generation flux is used below the diagonal, the previous genera-
tion flux on or above it.

Finally, the total source term TOTSRC(I) is computed, including the
scattering source SCTSRC, the fission source FISSRC, the fixed external
source FIXSRC(I,G), and the source due to inhomogeneous boundary conditions
EXTBC(I,G):

TOTSRC(I) = (SCTSRC + MU*FISSRC + FIXSRC(I,G))*VOL(I) + EXTBC(I,G).

5. Subprograms called by this subroutine

ISOURC calls - None
SOURCE calls VOL (entry in IVOL)

6. Subprograms calling this subroutine

ISOURC is called by ISSUBS
SOURCE is called by SSWEEP (entry in ISSWEP)

7. Error messages generated by this subroutine - None
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Subroutine ISSUBS (*)

1. Arguments
Ipe.

* —_— -

Name

2% Common Blocks

/BLKSTR/BLK(1)

/SINGLE/FLT(100), INT(100)

Dimension

Variables used from this common block

Name Local Name
INT(32) IMAX
INT(35) CMAX
INT(36) FSCMAX
INT(37) GMAX
INT(40) CHIDIM
INT(41) SCTDIM

3. Local Variables

Type
DUMMY R*8

Name

Number
Number

Number
fined

Number

Definition

Error return for error in POINTR
dynamic storage allocation

POINTR dynamic storage allocation
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Definition
of mesh intervals defined

of compositions defined

of fissionable compositions de-

of groups defined

First dimension of fission spectrum array

CHI

First dimension of scattering array SCIXS

Definition

Dummy variable used for checking for POINTR

errors

4. Functions and tasks performed by this subroutine

This subroutine initializes the four subroutines used within each source

iteration by calling ISSWEP, ISOURC, INDOT1, and INDOT2.

Hence, within the

iterations, the entry points SSWEEP, SOURCE, ENDOT1, and ENDOT2 can be used.
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5. Subprograms called by this subroutine

6. Subprograms calling this subroutine

IGET (entry in POINTR)

ISSWEP
ISOURC
INDOT1
INDOT2

IPTERR (entry in POINTR)

SRCCAL

7. Error messages generated by this subroutine - None

Subroutine ISSWEP (FLX, TOTSRC, R, A, C, OMEGA, IMAX, GMAX)

Entry Points
Entry SSWEEP

1.  Arguments
Name  Type
FLX R*8
TOTSRC R*8
R R*8
A R*8
c R*8
OMEGA R*8

Dimension

IMAX*GMAX*4
for upscat-
ter problem

IMAX*GMAX*3
otherwise

IMAX

IMAX*GMAX

IMAX*GMAX

IMAX*GMAX

IMAX

Definition

Flux ¢ Jy mesh interval and group
for four or three generations

Total source for all intervals
for given group

Reciprocals of diagonal elements
of lower triangular matrix L of
tri-diagonal matrix A=LU for
Choleski inversion

Finite difference coefficient on
right of cell for all groups

Finite difference coefficient on
left of cell for all groups

Intermediate results w of Choleski
inversion of tri-diagonal matrix
A=LU for given group
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Name Type Dimension Definition
IMAX TRt -- Number of mesh intervals defined
GMAX 1*4 -- Number of groups defined
2.  Common Blocks
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

INT(51) NTH Index of nth-generation flux in array FLX

INT(52) NM1 Index of (n-1)th-generation flux in array
FLX

3. Local Variables - None

4. Functions and tasks performed by this subroutine

This subroutine performs the mesh sweep for each group. ISSWEP is the
initialization entry; SSWEEP performs the operations described. For each
group, the subroutine first calls SOURCE to compute the total source TOTSRC
for each mesh interval in the given group, and then calls INVERT to perform
Choleski inversion of the tri-diagonal matrix A=LU, to solve the equation
Ax = F for the flux x, where F is the total source.

5.  Subprograms called by this subroutine

ISSWEP calls None
SSWEEP calls SOURCE (entry in ISOURC)
INVERT

6. Subprograms calling this subroutine

ISSWEP is called by ISSUBS
SSWEEP is called by SOUTER

7.  Error messages generated by this subroutine - None
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Subroutine ISUBS (*)

1.  Arguments
Name Type Dimension Definition
* -= == Error return for POINTR dynamic

storage allocation error

2. Common Blocks

/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

INT(32) IMAX Number of mesh intervals defined

INT(35) CMAX Number of compositions defined

INT(36) FSCMAX Number of fissionable compositions defined
INT(37) GMAX Number of groups defined

INT(40) CHIDIM }&ixl'st dimension of fission spectrum array
INT(41) SCTDIM First dimension of scattering array SCTXS

3. Local Variables
Name Type Definition
DUMMY R*8 Dummy variable used for checking for
POINTR errors

4. Functions and tasks performed by this subroutine

This subroutine initializes the four subroutines used within each outer
iteration by calling ISWEEP, IFSRC, ITSRC, and INDOUT. Hence, within the
iterations, the entry points SWEEP, FSRC, TSRC, and ENDOUT can be used.
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5.

(5],

i

Subprograms called by this subroutine

Subprograms calling this subroutine

IGET (entry in POINTR)

ISWEEP
IFSRC
ITSRC
INDOUT

IPTERR (entry in POINTR)

KEFCAL

Error messages generated by this subroutine - None

Subroutine ISWEEP (FLX, FISSRC, TOTSRC, R, A, C, OMEGA, IMAX, GMAX)

Entry Points
Entry SWEEP
1. Arguments
Name Type Dimension
FIX R*8 IMAX*GMAX*4
for upscat-
ter problem
IMAX*GMAX*3
otherwise
FISSRC R*8 IMAX*GMAX
TOTSRC R*8 IMAX
R R*8 IMAX*GMAX
A R*8 IMAX*GMAX
C R*8 IMAX*GMAX

Definition

Flux ¢ by mesh interval and group
for four or three generations

Fission source by mesh interval
and group

Total source for all intervals
for given group

Reciprocals of diagonal elements
of lower triangular matrix L of
tri-diagonal matrix A=LU for
Choleski inversion

~ Finite difference coefficient on

right of cell for all groups

Finite difference coefficient on
left of cell for all groups



Name Type
OMEGA R*8
IMAX 1%
GMAX 1*4

2. Common Blocks

Dimension

IMAX

/SINGLE/FLT(100), INT(100)

Definition
;ntermediate results w of Choleski
inversion of tri-diagonal matrix
A=LU for given group
Number of mesh intervals defined

Number of grouns defined

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(8)

INT(3)
INT(38)

INT(51)

INT(52)

INT(54)

Local

Name

SCTEPS

LMAX

GMAXUP

LTH

IM1

3. Local Variables

Name

IDUM

SUM1

Type
I*4

R*8

Definition

Convergence criterion e
iterations

S on upscatter

Maximum number of upscatter iterations

Number of lowest-numbered group in which
upscattering occurs (no upscattering if
GMAXUP=GMAX

Position of fth-generation of flux in
array FLX forsupscatter iterations (nth-
generation otherwise)

Position of (n-1)th-generation flux in
array FLX

Position of (%£-1)th-generation flux in
array FLX for upscatter iterations

Definition

Dummy variable used in updating flux gen-
eration positions for upscatter itera-
tions

Sum of flux differences over all mesh
intervals for one group

163
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Name Type Definition

SUM R*8 Maximum average relative flux difference
over groups, for testing convergence of
upscatter iterations

IMAX
(2) _ ,(e-1)
nax | GMAX* 121 41,6 " %16
SUM = G
Pt
1.1 61 18
GMMAX I*4 Number of group in which maximum average

relative flux difference (SUM) occurs

4. Functions and tasks performed by this subroutine

This subroutine performs the mesh sweep for each group, and the upscat-
ter iterations, if any. ISWEEP is the initialization entry; SWEEP performs
the operations described.

The routine first calls FSRC to compute the fission source FISSRC for
all mesh intervals and groups. Then, for each group, it calls TSRC to com-
pute the total source TOTSRC for each mesh interval in the given groupn, and
then calls INVERT to perform Choleski inversion of the tri-diagonal matrix
A=1U, to solve the equation Ax = F for the flux x, where F is the total
source.

If the problem does not require upscatter iterations, this commletes
the subroutine's function. For upscatter iterations, however, the flux gen-
eration positions are updated on each pass so that the new flux will be
written over the previous upscattering flux; this new flux will also be the
nth generation of flux for the problem as a whole at the conclusion of the
upscatter iterations.

The upscatter iterations are performed as above; for each group, where
the index of groups runs from GMAXUP to GMAX, the subroutine calls first
TSRC and then INVERT, and checks for convergence against the upscattering
convergence criterion SCTEPS, printing the maximum average relative flux
difference and the group in which it occurred. When the problem has con-
verged, or when LMAX-1 upscatter iterations have been done, the subroutine
returns control to the calling program.



Subprograms called by this subroutine

ISWEEP calls - None
SWEEP calls FSRC (entry in IFSRC)
TSRC (entry in ITSRC)

6. Subprograms calling this subroutine

INVERT
ERRMSG

ISWEEP is called by ISUBS
SWEEP is called by OUTERS

7. Error messages generated by this subroutine

Message: ***&*UPSCATTERING ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE SWEEP

Significance: The maximum number of upscatter iterations IMAX has been
exceeded and the iterations have not converged.

Action taken:

Execution is continued as through iterations had con-

verged.

Subroutine ITSRC (CMPMSH, SCTLIM, SCTLOC, SCTXS, NEWFLX, OLDFLX, TOTSRC,

Entry Points

FISSRC, (MAX, SCTDIM, IMAX) +

Entry TSRC (NEWFLX, OLDFLX, FISSRC, G)

1. Arguments
Name Type Dimension
CMPMSH 1*2 IMAX
SCTLIM %2 2*CMAX
SCTLOC 1%2 CMAX* GMAX
SCTXS R*8 SCTDIM*GMAX

Definition
Composition-to-mesh correspondence

Maximum number of groups of down-
scattering and of upscattering for
each composition

Location of scattering band in
array SCTXS for each composition
and group

1
Scattering cross section cg g

165
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Name

NEWFLX

OLDFLX

TOTSRC
FISSRC
CMAX

SCTDIM

IMAX

G

R*8

R*8

R*8

R*8

1%4

18]

I*4

I1*4

2.  Common Blocks

Dimension

IMAX*GMAX

IMAX*GMAX

/SINGLE/FLT(100) , INT(100)

Definition

Current generation flux ¢ by
mesh interval and group '8
(FLX(1,1,NTH) IN BLK ARRAY)
Previous generation flux ¢£n D
by mesh interval and group 2
(FLX(1,1,NM1) in BLK array)

Total source by mesh interval for
given group G

Fission source by mesh interval
for given group G (FISSRC(1,G)

in BLK array)

Number of compositions defined

First dimension of scattering
array SCTXS

Number of mesh intervals defined

Group number for which mesh sweep
is being performed

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(2)

5, Local Variables

INT(37)

Name

QVPNO

HLIM1

Local Name

KEFF

GMAX

Type

I*4

I*4

Definition

Kegs

Number of groups defined

Definition

Number of composition corresponding to
mesh interval I

Lower limit of scattering band for compo-
sition CMPNO and group G



Name Type Definition

HLIM2 14 Upper limit of scattering band for compo-
sition CMPNO and group G

GSUB I*4 First subscript of scattering element in
array SCTXS

SUM R*8 Sum of scattering source over g' (H)

4. Functions and tasks performed by this subroutine

For k-effective calculations, this subroutine computes the scattering
source and then the total source, by adding the scattering source and the
fission source, for each mesh point I for a given group G. ITSRC is the
initialization entry; TSRC performs the calculation. For each mesh interval

G '
and group, the scattering source is computed as §

gl
current generation flux ¢(n; for downscattering and the previous generation
flux ¢ﬁrll for upscattering. To obtain TOTSRC(I) the subroutine then adds
the result SUM, to the portion of the fission source previously calculated

9 g i using the

in FISSRC(I,G), dividing the fission source term by keff’ and multiplies
the resulting quantity by the volume of the mesh interval, VOL(I), thus
producing the total source term.

5. Subprograms called by this subroutine

ITSRC calls None
TSRC calls VOL (entry in IVOL)

6. Subprograms calling this subroutine

ITSRC is called by ISUBS
TSRC is called by SWEEP (entry in ISWEEP)

7. Error messages generated by this subroutine - None
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Function IVOL (X, DX)

Entry Points

Entry VOL (I)

1. Arguments

Name Type Dimension Definition
X R*8 IMAX+1 Mesh line locations
DX R*8 IMAX Mesh interval lengths
Il I*4 == Mesh interval index

2. Common Blocks

/GNAME/

Variables used from this common block

Name Type Definition

GEOM R*8 Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'

3. Local Variables

Name Type Definition
CSLAB R*8 'CYLSLAB' for geometry type
CYL R*8 'CYLINDER' for geometry type
SPH R*8 'SPHERE' for geometry type
PI R*8 3.14159265

4. Functions and tasks performed by this function

This function calculates the volume per unit height Vi of a specified
mesh interval I according to the reactor'geometry type. The initialization
call is made to IVOL, and calls for the volume value are made to VOL.

The volume is computed as follows:
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=l
Vi'e ?(X‘;l - Xf) for a sphere,
V. = «|X,. - X2] for a cylinder
i ok "™ = ’
V1 = (Xi+1 - X1) = A)(i for a rectangular slab, and
Vi = "(Xi+1 - XL) = wAXi for a cylindrical slab.

5. Subprograms called by this function - None

6. Subprograms calling this function

IVOL is called by CELCAL

VOL is called by FDCCEL (entry in CELCAL)
LKCELL (entry in CELCAL)
FLXCEL (entry in CELCAL)
DERCEL (entry in CELCAL)
CURCEL (entry in CELCAL)
LKFACE (entry in CELCAL)
PGEOM
FDC1D
TSRC (entry in ITSRC)
SOURCE (entry in ISOURC)
FVCAL
PWRCAL .

7.  Error messages generated by this function - None

Subroutine KEFCAL (*)

1. Arguments
Name Type Dimension Definition

* = = Error return to calling program
if error is encountered in any
subprogram called
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2 Common_Blocks

/BLKSTR/BLK(1)

/SINGLE/FLT(100), INT(100)

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
INT(19) MAXBLK
INT(32) IMAX
INT(37) GMAX

S Local Variables

Name Type
LAST Jizd
LASTB I*4

Definition

Size of POINTR container array in bulk
storage

Number of mesh intervals defined

Number of groups defined

Definition

Last location used in POINTR core contain-
er array

Last location used in POINTR bulk contain-
er array

4. Functions and tasks performed by this subroutine

This subroutine controls the calculation of k-effective for the one-

dimensional diffusion theory k-effective and source calculation module. It

allocates storage space for the fission source, the total source, and the
intermediate results w of the Choleski inversion, determines and prints the

size of the POINTR container arrays required for the calculation section,
calls ISUBS to initialize subroutines used for every iteration, and calls
OUTERS to control the outer iterations.

5. Subprograms called by this subroutine

REDEF (entry in POINTR)
IGET (entry in POINTR)
ILAST (entry in POINTR)

" ILASTB (entry in POINTR)
ISUBS
OUTERS



6.

7.

Subprograms calling this subroutine

D1DCAL

Error messages generated by this subroutine - None

Subroutine LKCAL (LEAK, CURR, FLX, REGMSH, REGNAM, RBOUND, RMAX, RMAXP1,

Je

GMAX, IMAX, *)
Arguments
Name Type Dimension
LEAK R*8 RMAX*GMAX
CURR R*8 (RMAXP1) *
GMAX
FLX R*8 IMAX*GMAX*4
for upscat-
tering
problem
IMAX*GMAX*3
otherwise
REGMSH 1*2 IMAX
REGNAM R*8 RMAX
RBOUND R*8 RMAXP1*2
RMAX I*4 =
RMAXP1 I*4 i
GMAX 1*4 =
IMAX I*4 =
* e =
Common Blocks
/BLKSTR/BLK (1)

Definition

Leakage contribution to balance
by region and group

Current across region interfaces
by group

Flux ¢i g for four or three gen-
’

erations

Region-to-mesh correspondence
»
Region names

Pairs of region names delinating
region interfaces

Number of regions defined
RMAX+1

Number of grouns defined

Number of mesh intervals defined

Error return for error in entry
LKCELL or CURCEL of CELCAL

POINTR dynamic storage container
array
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/SINGLE/FLT(100), INT(100)

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

3

Name

FLT(1)

FLT(31)

INT(34)

INT(35)
INT(51)

Local Name

PROB

GEOM

BOMAX

Local Variables

Name
TITLE (9)
ROWT
COLT
TITLE2 (9)
ADJ

RO
CURLIG
CURRIG
TERR

BOUND

T

R*8
R*8
R*8
R*8
R*8
1*4
R*8
R*8

I*4

R*8

%4

Definition

Problem type '"REAL'
' ADJOINT'

Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'
' SPHERE'

Number of non-continuity boundary condi-
tions defined

Number of compositions defined

Index of nth-generation flux in array FLX

Definition
Title for leakages for TWODPR
'REGION' for row title for TWODPR
'GROUP' for column title for TWODPR
Title for currents for TWODCR
'ADJOINT' for problem type
Cumulative index on region interfaces
Current on left of cell, from CURCEL
Current on right of cell, from CURCEL
Error flag returned 0-no error
from LKCELL and CURCEL l-error in in-
terface con-
dition defin-
ition
'0' for outside region interface label

I+1 for locating region interfaces
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RP1 I%4 Number of region corresponding to in-
terval I+1

LEAKIG R*8 Leakage across cell, from LKCELL

JPONE I*4 Problem type for 0-real
TWODPR and TWODCR 2-adjoint

4., Functions and tasks performed by this subroutine

This subroutine computes the leakage contribution to the balance equa-
tion by region and group, including D-B2 terms, and the current across re-
gion interfaces by group.

The current is computed in the direction of the increasing X-dimension.
At the left boundary, the current is found by calling CURCEL, and the nega-
tive of the current on the left of the cell for each group is used. The
name RBOUND(1,1) of the ''region' on the left is set equal to BOUND, and the
name RBOUND(1,2) of the region on the right is set to the name of the region
corresponding to the first mesh interval.

For every other interface, the current on the right of the cell I, where
the interface lies between cell I and cell I+1l, is taken to be the current
across the interface. The names used to define the interface are those of
the regions associated with I and I+1. At the right boundary, the current
is again that on the right of cell IMAX; the names delineating the interface
are the name of the region corresponding to interval IMAX on the left, and
BOUND on the right.

The leakage by region and group is computed by calling LKCELL, which
returns the leakage Li, from the cell, including diffusion coefficient times
buckling (axial and transverse leakage), if present. The balance leakage
by region and group is then computed as

s

L = W_-L.
where Wr is the balance integration weighting factor for the region, from
function BALW.

The leakage by region and group and the current across region inter-
faces by group are printed by calling TWODPR and TWODCR, respectively.
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5.  Subprograms called by this subroutine

CURCEL (entry in CELCAL) IGET (entry in POINTR)
LKCELL (entry in CELCAL) TWODPR
BALW (entry in IBAL) TWODCR

6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None

Main Program for NUC002

1. Arguments - None

2.  Common Blocks - None
3. Local Variables - None

4. Functions and tasks performed by this program

This program is the dummy driver for the ARC System one-dimensional
diffusion theory k-effective and source calculation module, NUC002. It
calls subroutine DIF1D, which is the actual driver for the module, and FREE,
an entry point in POINTR which frees storage space allocated in bulk (LCS)
and main storage by the module. It also serves to pass the error flag from
DIF1D to the path level.

5.  Subprograms called by this program

DIF1D
FREE

6. Programs calling this program

This module is linked to by standard path STP001 and by any other paths
which use the ARC System one-dimensional diffusion theory k-effective and
source calculation facility. The statement used to link to this module is
CALL LINK('NUC002', IERR).



7. Error messages generated by this program

No error messages are actually generated by this program. However,
the error flag IERR is passed through this routine to the path from the
driver subroutine DIF1D. IERR has a value of 0 if execution of the one-

dimensional diffusion theory k-effective calculation or source calculation
was successful, and a value of 1 if execution of the module was terminated

due to some error condition. The path may test this flag before continuing
to execute other modules dependent on the result of this module.

Subroutine NRMCAL (FLX, FLXVOL, REGFLX, REGVOL, FISDEN, FISSOR, FISXS, NUFIS,
X, DX, XBAR, REGBRN, CMPREG, FSCMP, IMAX, RMAX, GMAX,

FSCMAX)
1. Arguments
Name Type Dimension
FIX R*8 IMAX*GMAX*4
for upscat-
ter problem
IMAX*GMAX*3
otherwise
FLXVOL R*8 RMAX*GMAX
REGFLX R*8 RMAX*GMAX
REGVOL R*8 RMAX
FISDEN R*8 IMAX*GMAX
FISSOR R*8 IMAX*GMAX
FISXS R*8 CMAX*GMAX
NUFIS R*8 CMAX* GMAX
X R*8 IMAX+1
DX R*8 IMAX

Definition

Flux ¢i for four or three genera-
tions &

Regiongl flux integrals by group

Average regional flux integrals by
group

Physical region volumes (from
function PHYVOL)

Fission density by mesh interval
and group

Fission source integrals by mesh
interval and group

Fission cross section of
Nu times fission cross section veog
Mesh line locations X

Mesh interval lengths AX

175
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Name Type Dimension
XBAR R*8 IMAX
REGBRN R*8 RMAX* GMAX
CMPREG =7 RMAX
FSCMP 1157 CMAX
IMAX I%4 --
RMAX I*4 --
GMAX I*4 e
FSCMAX I*4 =

2% Common Blocks

/BLKSTR/BLK(1)

/SINGLE/FLT(100), INT(100)

Definition

Centers of mesh intervals,
X; =X, * .5 8%

Regional flux integrals, power-
normalized for burnup

Composition-to-region corres-
pondence

Indices of fissionable composi-
tions in arrays dimensioned
FSCMAX

Number of mesh intervals defined
Number of regions defined

Number of groups defined

Number of fissionable compositions
defined

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
FLT(1) PROB
FLT(2) KEFF
FLT(5) PROBT
FLT(6) MU
FLT(71) POWIN

Definition

lREAL'
' ADJOINT'

Problem type

keff for k-effective calculation

Calculation type 'K CALC'
'SOURCE'
7 factor for source calculation
fixed

Power factor P
alization

input for burnup norm-
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Name

INT(7)

INT(9)

INT(35)
INT(40)

INT(51)
INT(57)

Local Variables

Name

TITLE(9)

TITLES(9)
TITLE2(9)

TITL2S(9)

TITLE3(9)

TITLE4(9)

TITLES(9)

TITLE6(9)

TITL6S(9)

Local Name

KouT

FSOPT

CHIDIM

NTH
ITER

Type
R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

L7

Definition

Output flag < 2-no printed
output
2-balance output
3-balance plus
power output

Fission source option 0-don't write
FSR.D1 or
FSA.D1
1-write FSR.D1
or FSA.D1
Number of compositions defined

First dimension of fission spectrum array
CHI

Index of nth-generation flux in array FLX

Number of iteration at which fluxes are
output on data sets

Definition

k-effective calculation flux title for
TWODFL

Source calculation flux title for TWODFL

k-effective calculation regional flux
integrals title for TWODPR

Source calculation regional flux inte-
grals title for TWODPR

Regional flux averages for burnup title
for TWODPR

Fission source density title for
TWODFL

Fission source integrals title for
TWODFL

k-effective calculation regional flux
averages title for TWODPR

Source calculation regional flux aver-
ages title for TWODPR
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Name Type Definition
ROWT2 R*8 'REGION' for row title for TWODPR
COLT2 R*8 '"GROUP' for colum title for TWODPR
FRD1 R*8 'FR.D1' for SNIFF call
FAD1 R*8 'FA.D1' for SNIFF call
FRPN R*8 'FR.PN' for SNIFF call
FSRD1 R*8 'ESR.D1' for SNIFF call
FSAD1 R*8 'FSA.D1' for SNIFF call
ADJ R*8 'ADJOINT' for problem type
SORC R*8 'SOURCE' for calculation type
PTOTL1 R*8 Normalization factor for k-effective
calculation
JPONE 1*4 Problem type for TWODPR 0-real
2-adjoint
KIND ird Problem type for flux d=real
output 3-adjoint
FIXK R*8 keff for k-effective calculation
s = 1./u for source calculation
fixed
NFRPN I*4 Data set reference number for FR.PN
NFRD1 T*A Data set reference number for FR.D1
NFSRD1 % Data set reference number for FSR.D1
NFAD1 1*4 Data set reference number for FA.D1
NESAD1 I*4 Data set reference number for FSA.D1

4. Functions and tasks performed by this subroutine

This subroutine controls the writing of all flux and fission source
data sets output by the one-dimensional diffusion theory k-effective and
source calculation module and the one-dimensional diffusion theory search
module; the normalization of flux-related terms for a k-effective calculation
or search; and printing of the quantities output, if desired.

For a source calculation, the regional flux integrals by groups already
exist in FLXVOL. The regional flux averages REGFLX are computed as
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where °r, is FLXVOL(R,G) and Vr is the physical volume of the region,
REGVOL(R). For a real problem for which a power factor for burnup PO has
been input, the regional flux averages by group for burnup REGBRN are com-
puted as 3 E,g s B LR

For a k-effective calculation, the calculations are performed similarly,
except that the flux-related terms are first normalized to one fission in

the reactor. The normalization factor PTOTL1 is computed as

Bk .

The fluxes by interval and group, FLX, are then normalized, so that

£ Sie Le.
1.0 PTOTL
Then, for a k-effective calculation, the regional flux averages by groups,
REGFLX, are computed as

o
.. * pomEv
T.g PIOTLT  V_ °*

»
and for a real problem for which a power factor for burnup Pb has been input,
the regional flux averages by groups for burnup REGBRN are computed

as @ = 3 « 3.1 x 100 . p Finally, the regional flux integrals

rg - 'rg 0
are normalized:

[}
r’

®,g ~ PIOILI

Following this, for either type of calculation, FISCAL is called to com-
pute the fission density by interval and group FISDEN, and the fission source
integral by interval and group FISSOR.

Then the subroutine begins the writing of data sets. For a real prob-
lem, the fluxes FLX are written on FR.D1, the regional flux averages for
burnup REGBRN, if present, on FR.PN, and the fission source integral FISSOR,
if desired, on FSR.Dl. For an adjoint problem, FLIP is called to re-order
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all quantities computed by group; the fluxes FLX are written on FA.D1, and
the fission source integral FISSOR, if desired, is written on FSA.D1. If

printing of output is not desired (KOUT < 2), this completes the tasks as-
signed to this subroutine.

If results are to be printed, TWODFL is called to print the flux; TWODPR
is called to print the regional flux integrals, the regional flux averages,
and the regional flux averages for burnup, if present; and TWODFL is called
again to print the fission density and the fission source integrals, if
present. All are printed with appropriate titles, and the number of the
data set if the quantity was written on a data set and the normalization
factor if the quantity was normalized are printed for each. Finally, for an
adjoint problem, FLIP is called again to return all quantities to their or-

iginal order.

5. Subprograms called by this subroutine

IGET (entry in POINTR)
FISCAL

SNIFF (ARC System module)
ELIP

TWODFL

TWODPR

6. Subprograms calling this subroutine

D1DOUT

7.  Error messages generated by this subroutine - None

Subroutine OUTERS (FLX, IMAX, GMAX, *)

1. Arguments

Name Type Dimension Definition
FLX R*8 IMAX*GMAX* 4 Flux ¢ by mesh point and group,
for upscat- * for four or three generations
ter problem
IMAX*GMAX*3

otherwise
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IMAX

I*4
I*4

2. Common Blocks

/BLKSTR/BLK (1)

Dimension

/SINGLE/FLT(100), INT(100)
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Definition
Number of mesh intervals defined
Number of grouns defined

Error return for error in ENDOUT

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(1)

FLT(2)
INT(11)
INT(12)

INT(16)
INT(51)
INT(52)
INT(53)
INT(57)
INT(58)

INT(59)

Local Name

PROB

KEFF
NMAX
NSTART

ITER

NRST

NRSTI

Definition
Problem type 'REAL'
'ADJOINT'
Keef

Maximum number of outer iterations

Number of unextrapolated outer iterations
to be done before beginning to extrapolate

Degree of Chebyshev polynomial for Cheby-
shev extrapolation, and iteration counter
for extrapolation

Index in array FLX of nth-generation flux

Index in array FLX of (n-1)th-generation
flux

Index in array FLX of (n-2)th-generation
flux

Number of iteration at which fluxes are
written on data set

Number of first iteration after which
fluxes are to be written on FR.D1 or FA.D1

Increment in NRST after which FR.D1 or
FA.Dl is to be written again
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Sk Local Variables

Name Type Definition

FRD1 R*8 'FR.D1' for SNIFF call

FADL R*8 '"FA.D1' for SNIFF call

REAL R*8 'REAL' for problem type

ADJ R*8 'ADJOINT' for problem type

NCHECK % Number of next iteration at which fluxes
are to be written on data set

NC %4 Number of next iteration at which new
page will be begun

N1 %4 Data set reference number for FR.D1 or
FA.D1

KIND I*4 Kind of fluxes written

NDUM I*4 Dummy variable used in updating flux gen-
eration indices

IRETRN 1*4 Flag returned from -1-error in ENDOUT
ENDOUT 0-normal return

1-problem has con-
verged

4. Functions and tasks performed by this subroutine

This subroutine controls the performance of the outer iterations and
the writing of the appropriate flux data set FR.Dl or FA.D1 for the restart
option for the one-dimensional diffusion theory k-effective calculation.

It first sets up the page heading for the iteration history printout,
and the number NC of the iteration at which the next new page will begin.
There are 15 iteration records to a page, in general, except that writing
out of the flux data set always causes a new page to be begun.

The number NCHECK of the iteration after which the anpropriate flux data
set is to be written is also initialized at NRST; it will be incremented there-
after by NRSTI each time the data set is written.

OUTERS then, for each iteration, updates the flux generation positions
so that the new generation flux will replace the oldest flux now present, and
calls SWEEP to control the mesh sweep by grouns and to perform upscatter it-
erations, if any. It then calls ENDOUT to perform monitoring and acceleration

if required and to test for convergence. If the problem has not converged,
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the subroutine writes the flux data set if required after the iteration,
and continued to iterate. If the problem has converged, or if the maximum
number of iterations is exceeded, control is returned to the calling sub-
program, and the output section will be the next to be performed.

5. Subprograms called by this subroutine

PAGHED

SNIFF (ARC System module)
SWEEP (entry in ISWEEP)
ENDOUT (entry in INDOUT)
ERRMSG

6. Subprograms calling this subroutine

KEFCAL

7. Error messages generated by this subroutine

Message: *%**%QUTER ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE OUTERS

Significance: The maximum number of outer iterations, NMAX, has been
exceeded, and the problem has not converged.

Action taken: Execution of the remainder of the program, consisting
of the output section, is performed as if the problem
had converged.
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Subroutine PAGHED

1. Arguments

- None

2. Common Blocks

/HEADER/

Variables used from this common block

Name

TITLE(10) R*8

NPAGE

Type

Page title (10A8)

I*4 Page number

i Local Variables - None

Definition

4, Functions and tasks performed by this subroutine

This subroutine updates the page number and prints the page heading

and number from common block HEADER at the top of a page. The page heading

must have been initialized and the page number set to zero before the first

call to this subroutine.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

PGEOM )

PCOMP
RCDEP
PRTBC
RVEL
RSORC
OUTERS
SOUTER
PWRCAL
SUMCAL
TWODPR
TWODFL
TWODCR

(when executing
f module NUC002)

FLXIN

P4

SRCHIN )

PGEOM
PCOMP
RCDEP
PRTBC
RVEL
OUTERS
CHANGE
PWRCAL
SUMCAL
TWODPR
TWODFL

* TWODCR

FLXIN J

(when executing
module NUC004)

7.  Error messages generated by this subroutine - None
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Subroutine PCKSCT (SCTLIM, SCTLOC, SCTDUM, SCTXS, CMAX, DUMDIM, SCTDIM,

1. Arguments

Name

SCTLIM

SCTLOC

SCTDUM

SCTXS

DUMDIM

SCTDIM

Type
I*2

[ &2

R*8

R*8

1*4

1*4

1*4

%4

GMAX, *)

Dimension Definition

2*CMAX Maximum number of groups of down-
scattering and maximum number of
groups of upscattering for each
composition

CMAX*GMAX Location of scattering band for
each composition and group in
SCTXS

CMAX*GMAX Dummy scattering array into which

*GMAX all values were read from XS.C.MIN
1
SCTDIM*GMAX Scattering cross section o% g

2.  Common Blocks - None

L Local Variables

Name

K
G
DUMMY

1*4
1#4

R*8

1*4

after packing
Number of compositions defined

First dimension of scattering
array SCTDUM (CMAX*GMAX)

First dimension of scattering
array SCTXS

Number of groups defined

Eryor return for error in POINTR
dynamic storage allocation

Definition
Index on groups (K = 1,...,GMAX)
Decreasing group index (G=GMAX-K+1)

Dummy variable used for checking for
POINTR errors

Lowes t-numbered group from which down-
scattering into group G can occur for
given C, according to number of down-
scattering groups in G
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Name Type Definition

HLIM1 I*4 Lower limit of group number from which
downscattering into group G can occur for
given C (max(1,ML))

MU I*4 Highest-numbered group from which upscat-
tering into given group G can occur for
given C, according to number of upscatter-
ing groups in G

HLIM2 1*4 Upper limit of group number from which
upscattering into group G can occur for
given C (min(GMAX,MU))

H I*4 Inner index on groups g' (H= 1,...,GMAX)

GSUB1 1%4 Position of desired scattering element
0% € in array SCTXS

GSUB2 I*4 Position of desired scattering element
og € in array SCTDUM

4. Functions and tasks performed by this subroutine

This subroutine packs the scattering data from the SCTDUM array
(OMAX*GMAX*GMAX) , into which the data was read from data set XS.C.MIN, into
CMAX
the SCTXS array (GMAX* Z (SCTLIM(1,C)+SCTLIM(2,C)+1)), where

C=1
SCTLIM(1,C)+SCTLIM(2,C)+1 is the maximum band width associated with a given

composition C.

At the beginning of this subroutine, the first CMAX locations of the
array SCTLOC contain the locations of the last position assigned in SCTXS to
the preceding composition; in other words, SCTLOC(QMPNO,1)+1 is the location
of the first position in SCTXS assigned to composition CMPNC.

By the conclusion of the program, SCTLOC will contain a reference to
the first element of the band of groups H from which scattering occurs into
a given group G for a given composition CMPNO. Hence, the array SCTXS is
""packed" from G=GMAX to G=1 in descending order by groups, so that the first
CMAX locations of SCTLOC, used in the packing procedure, will not be de-
stroyed until the final pass.

The packing is accomplished as follows: for a given composition QMPNO
and group G, the number ML of the lowest-numbered group from which downscat-
tering could occur is found by subtracting the maximum number of downscattering
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groups associated with the composition (SCTLIM(1,CMPNO)) from the group num-
ber G. Since this number could be negative, the lower limit HLIM1 of the
actual possible scattering band for this group G is then computed as max(1,ML).
Similarly, the number MU of the highest-numbered group from which upscatter-
ing into group G could occur is found by adding SCTLIM(2,CMPNO) to G; since
this number could be greater than GMAX, the upper limit HLIM2 of the possi-

ble scattering band for this group G is then computed as min(GMAX,MU).

The scattering location SCTLOC(CMPNO,G) associated with the band for
that composition and group is then computed as the sum of the first location
in SCTXS assigned to the composition CMPNO, and the difference between the
number of possible downscattering groups in the composition and the group
number G: SCTLOC(QVPNO,G)=SCTLOC(CMPNO,1)+SCTLIM(1,CMPNO)-G. This number
may be negative; it corresponds to -ML plus the location of the scattering
elements associated with the composition.

Finally, using the limits set up from H=HLIMI,...,HLIMZ, the elements
of the scattering band associated with CMPNO and G are packed. The scatter-
ing element oléglPNO is fetched from SCTDUM(GSUB2,G), where GSUB2 is simply
(QMPNO-1) *GMAX+H, and stored in SCTXS(GSUB1,G), where GSUB1 is
SCTLOC (CMPNO, G) +H.

Although a full band width SCTLIM(1,CMPNO)+SCTLIM(2,CMPNO)+1 is allo-
cated for use by each group G in the composition, then, only the elements
actually present for that group G are actually stored or fetched. The other
locations are not used. This can be seen in the diagram; for a given composition
CMPNO, the array SCTDUM looks like the GMAX*GMAX square in the diagram,
where the white area represents the maximum band width associated with the
composition. Space for all of the elements in the parallelogram (in the form
of a rectangle which is GMAX long and the composition band width wide) is
allocated in the array SCTXS, but only the elements on the parallelogram which
fall within the larger square actually exist and are referenced for a given

group G.
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5.  Subprograms called by this subroutine

IPTERR (entry in POINTR)

6. Subprograms calling this subroutine

RCOMP

7. Error messages generated by this subroutine - None

Subroutine PCOMP (DC, REM, FSCMP, FISXS, NUFIS, CHI, SCTLIM, SCTLOC, SCTXS,
CMPNAM, CMAX, FSCMAX, CHIDIM, SCTDIM, GMAX, IERR, *)

1. Arguments

Name Type Dimension Definition

DC R*8 CMAX*GMAX Diffusion coefficients Dg

REM R*8 CMAX*GMAX Removal cross section %R

ESCMP T2 CMAX © Indices of fissionable composi-

tions in arrays dimensioned
FSCMAX
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Name
FISXS

NUFIS

CHI

SCTLIM

SCTLOC

SCTXS

CMPNAM

FSQMAX

CHIDIM

SCTDIM

IERR

R*8

R*8

R*8

2

3

R*8

R*8

1#*4
I*4

1*4

I*4

I*4

I*4

Common Blocks

Dimension
FSCMAX*GMAX

FSCMAX*GMAX

CHIDIM*GMAX

2*CMAX

CMAX* GMAX

SCTDIM*GMAX

CMAX

/SINGLE/FLT(100) , INT(100)
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Definition
Fission cross section oe

Nu times fission cross section
0l §
£
1
Fission spectrum X% g

Table of scattering band widths
by composition

Table of scattering band loca-
tions by composition and group
in SCTXS

" ! g'g
Scattering cross section a=
Composition names

Number of compositions defined

Number of fissionable compositions
defined

First dimension of fission spec-
trum array CHI

First dimension of scattering
cross section array SCTXS

Number‘of groups defined

Error flag 0-no error
(input from #0-a given Cross
search module) section has

been made neg-
ative during
concentration
search

Error return, used if error flag
is greater than zero or for error
in POINTR dynamic storage alloca-
tion

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words
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Variables used from this common block

Name Local Name Definition

INT(39) MIRCHI Fission spectrum array 0-x-vector
type 1-y-matrix

3. Local Variables

Name Type Definition

AB(6) R*8 Cross section data names corresponding
to IERR flag values

DUMMY R*8 Dummy argument for checking for POINTR
errors

CLIM1 I*4 Lower 1limit of location of fission spec-

trum values Xg’g for given fissionable
composition ¢ and group g for x-matrix
in array CHI

SLIM1 I*4 Lower limit of location of scattering
band Gg'g for given composition ¢ and
group g in array SCTXS

SLIM2 1*4 Upper limit of location of scattering
1
band cg € for given composition c and
group g in array SCTXS

4. Functions and tasks performed by this subroutine

This subroutine prints cross section data by macroscopic composition,
as read from data set XS.C.MIN and modified for use by one-dimensional and
two-dimensional diffusion modules.

Data printed for a nonfissionable composition is simply the composition
name and, for each group, the group number and diffusion coefficient and re-
moval cross section, followed by a table containing the scattering cross
section.

For a fissionable composition, the composition name is followed by the
group number, diffusion coefficient, removal cross section, nu times fission
cross section, fission spectrum cross section if present as a vector, and

fission cross section. If the fission spectrum is a matrix, it is printed
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in a separate table, and in either case the scattering cross section is
printed in the last table for the composition.

The IERR flag must be set to zero before calling this subroutine from

any subprogram other than the search driver, or return may be made to the
calling program through the first return provided in the calling sequence.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)

PAGHED
ERRMSG

6. Subprograms calling this subroutine

RCOMP

(when executing D1DSCH (when executing

module NUC002) RCOMP module NUC004)

7.  Error messages generated by this subroutine

Message:

Significance:

Action taken:

#%***XGEARCH CALCULATED A NEGATIVE aaaaaaaa VALUE
COMPOSITION SEARCH TERMINATED

ERROR NUMBER 1 IN SUBROUTINE PCOMP
where aaaaaaaa is a cross section type:

'DIF COEF', 'REMOVAL', 'FISSION', 'NU FISS', 'CHI MIRX',
or.. !SEATTER! -

In adding the modifier composition to the original com-
position on a search pass, the search calculated a neg-
ative value or values of some cross section type or
types (only the most recently calculated type being
indicated).

The concentration search is terminated, without output
of data sets.
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Subroutine PGEOM (X, DX, BSQ, REGHHT, REGMSH, CMPMSH, CMPREG, REGNAM,
QMPNAM, EXTDIS, IMAX, RMAX, QMAX, NIL)

1. Arguments

Name Type bimension Definition

X R*8 IMAX +1 Mesh line locations

DX R*8 IMAX Mesh interval lengths

BSQ R*8 RMAX*2 Buckling B2 by region and
direction

REGHHT R*8 RMAX*2 Actual region half-height
(HL) by direction

T

REGMSH 2 IMAX Region-to-mesh
correspondence

CMPMSH T*2 IMAX Composition-to-mesh
correspondence

CMPREG 152 RMAX Composition-to-region
correspondence

REGNAM R*8 RMAX Region names

CMPNAM R*8 CMAX Composition names

ESTDIS R*8 RMAX*2 Extrapolation distance (Hr- (HL) r)
by region and direction

IMAX 1*4 == Number of mesh intervals defined

RMAX I#4 == Number of regions defined

MAX 1*4 = Number of compositions defined

NIL 0 = Number of finite directions
defined

/A Common Blocks

/SINGLE/FLT (100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words



Variables used from this common block
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Name Local Name Definition

INT(49) NGEOM Geometry type number 1-cylindrical slab
2-rectangular slab
3-cylinder
4-sphere

INT (88) NFIN Number of finite geometry type
(0 for infinite reactor)

3. Local Variables

Name Type Definition

PYPEER 4) - REB Four geometry type titles, each 2A8

VIM R*8 Volume of given interval (from function
VOL)

AVOL R*8 Physical volume of given region (from
function PHYVOL)

LINLIM I*4 Number of pairs of lines of mesh interval
data to be printed to a page (22 for the
first page, 24 thereafter)

NLINES 1*4 Number of pairs of lines of mesh interval

data printed Qn current page

4, Functions and tasks performed by this subroutine

This subroutine prints geometry data, as read from data set GEOM and
modified for use by the one-dimensional diffusion modules.

It first prints the name of the geometry type and, in the case of all
geometries but spherical, prints whether the reactor is finite or infinite.

Second, a table of mesh-dependent data is printed, consisting of mesh
line locations (X), mesh interval numbers, mesh interval lengths (DX), mesh
interval volumes per unit height (function VOL), and the names of the region
(REGNAM) and the composition (CMPNAM) corresponding to the interval. This
data is printed for the first twenty-two intervals on the first page, and for
groups of up to twenty-four intervals on succeeding pages.

Finally, a table of region-dependent data is printed, consisting for a
finite reactor of the region name (REGNAM), the corresponding composition
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name (CMPNAM), the buckling B2 (BSQ) in the region, the actual half-height
(HL)r (REGHHT) of the region, and the extrapolation distance (Hr-(HL)r)
(EXTDIS) of the region, all in both directions, if both are present, followed
by the physical volume (function PHYVOL) of the region. For an infinite or

a spherical reactor, this table contains simply the region name, the compo-
sition name, and the physical volume per unit height (function PHYVOL). This
table will appear on the same page as the mesh interval data if there is room;

otherwise, it will appear on a separate page.

5. Subprograms called by this subroutine

PAGHED
VOL (entry in IVOL)
PHYVOL (entry in IPHVOL)

6. Subprograms calling this subroutine
RGEOM (when DIDSCH (when
executing RGEOM executing
module module
NUC002) NUC004)

7. Error messages generated by this subroutine - None

Subroutine PRTBC (BNDC, JBNDC, X, NBCDEF, *)

1. Arguments

Name Type Dimension Definition

BNDC R*4 8*NBCDEF Name used to reference second four
numbers (R*4) of each eight in
array BNDC

JBNDC I*4 8*NBCDEF Name used to reference first four
numbers (I*4) of each eight in
array BNDC

X R*8 IMAX+1 . Mesh line locations

NBCDEF 11541 --

Number of non-continuity boundary
conditions defined

¥ Error return



2. Common Blocks

/SINGLE/FLT (100) , INT(100)

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(5)

INT(7)

Local name

PROBT

KOUT

3. Local Variables

Name

SORC
Ip

IIX

Type
R%*8

I*4

I*4

Definition
Calculation type 'K CALC'
'SOURCE'
Output flag 0-don't print
boundary

condition data
> 0-print boundary
condition data

Definition
'SOURCE' for calculation type

Flag indicating non-homogeneous boundary
conditions are defined

Absolute value of number of mesh line at
which boundary condition is defined
|JBNDC(1, NBC)|

4. Functions and tasks performed by this subroutine

This subroutine first checks to see if any boundary conditions defined
If any are found to be, it makes the IP flag non-zero.

are inhomogeneous.
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The subroutine next prints the boundary condition data, if that is desired,
and then checks the calculation type and the IP flag. If any inhomogeneous
boundary conditions appear, and the calculation is not a source calculation,

an error is flagged.

5.  Subprograms called by this subroutine

ERRMSG
PAGHED

6. Subprograms calling this subroutine

RBNDC
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7. Error messages generated by this subroutine

Message: **%%*CALCULATION TYPE IS aaaaaaaa
BOUNDARY CONDITIONS INDICATE CALCULATION SHOULD BE
INHOMOGENEOUS

ERROR NUMBER 1 IN SUBROUTINE PRTBC
where aaaaaaaa is the calculation type in PROBT
Significance: One or more inhomogeneous boundary or interface conditions
have been defined, and the calculation type is not source.
Either the boundary conditions or the calculation type is

in error.

Action taken: Execution is terminated.

Subroutine PWRCAL (FLX, FISXS, REGVOL, PWRDEN, PWRREG, PWRAVG, REGNAM,
REGMSH, CMPREG, FSCMP, IMAX, RMAX,GMAX, FSCMAX)

1. Arguments

Name Type Dimension Definition
FLX R*8 IMAX*GMAX*4 Flux ¢, ~ for four or three generations
for upscatter '8
problem
IMAX*GMAX*3
otherwise
FISXS R*8 CMAX*GMAX Fission cross section of
REGVOL R*8 RMAX Physical region volumes Vi
(from function PHYVOL)
PWRDEN R*8 IMAX Average power by intervals
PWRREG R*8 RMAX Power by regions
PWRAVG R*8 RMAX Average power by regions
REGNAM R*8 RMAX Region names
REGMSH T2 IMAX Region-to-mesh correspondence
(QMPREG I*2 RMAX " Composition-to-region corres-

pondence
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Name Type Dimension Definition

FSCMP I32 CMAX Indices of fissionable compositions
in arrays dimensioned FSCMAX

IMAX 1*4 = Number of mesh intervals defined

RMAX 1*4 e Number of regions defined

QVAX 1*4 == Number of groups defined

FSQMAX I*4 == Number of fissionable compositions
defined

2. Common Blocks

/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT (100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition

INT (35) MAX Number of compositions defined

INT (51) NTH Index of nth-generation flux, ),
in array FLX 8

»

3. Local Variables

Name Type Definition

VOLI R*8 Volume V. of mesh interval I (from function
VOL)

PWRMAX R*8 Maximum average power by intervals

IPMAX I*4 Interval in which maximum average
power occurs

PWRMIN R*8 Minimum average power by intervals

IPMIN I*4 Interval in which minimum average power occurs

PWRRMX R*8 Maximum power by regions

IPRMAX I*4 Region in which maximum power occurs

PWRRMN R*8 Minimum power by regions
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Name Type Definition

IPRMIN 1*4 Region in which minimum power occurs
PWRTL R*8 Total power

ILIM 1*4 Number of lines to be printed, at four

data items per line

IS I*4 Index of first item in PWRDEN to be
printed on given line

IE) 1*4 Index of last item in PWRDEN to be
printed on given line

4. Functions and tasks performed by this subroutine

This subroutine computes power-related terms for the one-dimensional
diffusion k-effective and source calculation module and the one-dimensional
diffusion search module, when KOUT=3.

The average power by intervals PWRDEN is first computed as

G
P. = : g
Pi gzl Wr ¢L,g (of)c(l) 2

where ¢ g is the flux FLX, (of)i(i) the fission cross section FISXS, and Wr

the balance integration weighting factor from function BALW. The maximum
T min _
average power 1 [Pi] and the minimum average power 1 [Pi] and the interval

in which each occurs are also calculated.
Following this, the power per region PWRREG is computed: P_= Z B
T der Ak
where V.1 is the mesh interval volume per unit height. Here again, the maximum

max min
power T [Pr] and the minimum 1 [Pr] and the number of the region in which

’

each occurs are computed. Then the average power by regions PWRAVG is calculated

P

— i _ 3

Pr = V— , Where Vr is the physical volume of the region, REGVOL, and the total
X R

power 1s summed: PT = rzl Pr'

The average power by intervals is printed four data items to a line until
the 1imit IMAX is reached; the other two arrays are printed in columns. Both
pairs of maxima and minima computed are also printed, as well as the total power.
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5. Subprograms called by this subroutine

VOL (entry in IVOL)
BALW (entry in IBAL)
PAGHED

6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None

Subroutine RBLACK (BLKQMP, BLKGRP, N, NBLACK, *)

1. Arguments

Name Type Dimension Definition

BLKCMP R*8 NBLACK Names of black compositions, from
A.DIF1D

BLKGRP I*4 NBLACK*2 Lower and upper limits on group

numbers for each black composition
name, from A.DIF1D

N 1*4 -- Data set reference number for
A.DIF1D

NBLACK I*4 = Number of black composition cards
in A.DIF1D

® -- -- Error return (not used)

2.  Common Blocks - None
3. Local Variables - None

4, Functions and tasks performed by this subroutine

This subroutine reads the names of the black compositions BLKOMP(K),
where K=1,"°" ,NBLACK, defined in A.DIF1D, if any are present, and the cor-
responding group numbers. BLKGRP(K,1) is the number of the initial energy
group in which the composition is black, and BLKGRP(K,2) is the number of
the final energy group. The composition names are left-justified using the
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system routine SQUEZE, but the group number values, if any are zero, are reset

when they are used, in subroutine RGROUP.

5. Subprograms called by this subroutine

SQUEZE (ARC System module)

6. Subprograms calling this subroutine

RCDEP

7. Error messages generated by this subroutine - None

Subroutine RBNDC (¥*)

1. Arguments
Name Type Dimension Definition
* -- S Error return to calling program
if error is encountered in any

subprogram called or in POINTR
dynamic storage allocation

23 Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT (100) , INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition
INT(32) IMAX Number of mesh intervals defined
INT(34) NBCDEF Number of non-continuity boundary conditions

defined



/BCBLK/

Variables used from this common block

Name

MESHI

EENPE

GINT

GFIN

C(4)

Type
I*4

I*4
I*4
I*4

R*4

5. Local Variables

Name
BC
NTAPE

ITYPEL

ITYPER

IBNDC
IX
DUMMY

NDUM

CDUM(4)

Type
R*8
[+

I*4

I*4

1*4
I*4

R*8

I*4

R*8

Definition
Mesh line number, negative if boundary
condition is on left side of line,
positive if on right side
Boundary condition type

Number of initial group to which
condition applies

Number of final group to which
condition applies

Boundary condition coefficients

Definition
'BC' for SNIFF call
Data set reference number for BC

Boundary condition type on left
reactor boundary

Boundary condition type on right
reactor boundary

Location of BNDC array in BLK
Location of X array in BLK

Dummy variable used to check for POINTR
errors

Dummy variable used to read unwanted
data

Boundary condition coefficients as
read from BC (stored in R*4 array C)

4. Functions and tasks performed by this subroutine

This subroutine controls the reading of the boundary and interface

condition data from data set BC and the storing of this data in the array

BNDC.
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The first record of BC gives the boundary condition types at the left
and right reactor boundaries, ITYPEL and ITYPER, which are ignored, and the
number NBCDEF of boundary and interface conditions defined in the succeeding

records of the data set.
The subroutine reads the contents of each of the succeeding records

and stores each in the common block BCBLK. For each, it then calls STORBC
to store the data in the BNDC array before reading the next record.

This subroutine then calls PRTBC to print the boundary condition data
from the BNDC array, if desired, and to check for consistency of boundary
condition types with the calculation type.

5.  Subprograms called by this subroutine

SNIFF (ARC System module)

ERRMSG
PUTPNT
GETPNT

(entry in POINTR)
(entry in POINTR)

IPTERR (entry in POINTR)

STORBC
PRTBC

6.  Subprograms

calling this subroutine

DIDIN

7.  Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

*%**XDATA SET BC NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RBNDC

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated .

****X ESS THAN TWO BOUNDARY CONDITIONS DEFINED. NBCDEF=iii
ERROR NUMBER 2 IN SUBROUTINE RBNDC

Both external boundary conditions, at least, must be
defined in data set+BC. NBCDEF is the number of

boundary conditions defined.

Execution is terminated.
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Subroutine RCDEP (*)

1. Arguments
Name Type Dimension Definition
® -- -- Error return

2.  Common Blocks

/BLKSTR/BLK (1) POINTR dynamic storage container array

/SINGLE/FLT (100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition
FLT(1) PROB Problem type 'REAL'
' ADJOINT'
lBO"['l.{l
FLT(3) ALPHA Inverse reactor time period o
FLT(4) SCTEPS Convergence criterion ES for upscatter
iterations
»
FLT (5) PROBT Calculation type 'K GALC!
' SOURCE'
FLT (6) MU 1./kfixeq factor for source calculation
BEE(1) EPOFLX Outer iteration convergence criterion
€f on sum of absolute value of flux
differences
FLT (12) EPSLAM Outer iteration convergence criterion

e) on the difference of flux bounds

FLT (13) EPSKEF Outer iteration convergence criterion
ek on the difference in keff

FLT (14) AOUTER Interval shift factor when applying
Chebyshev extrapolation

FLT(15) FLXMON Flux monitoring ratio:
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Name

INT (1)

INT(2)

INT(3)

INT(4)

INT(5)

INT(7)

Local name

MKRTHY

KINOPT

MAXSIZ

IPRINT

KouT

Definition

(n) _

neglect A{ o

computing 3™ ang l(n)

0-no kinetics

1-source due to
delayed neutrons

2-delayed data for
alpha calculation

Kinetics option

Kinetics option type

Maximum number of upscatter iterations

Maximum size of POINTR container array in
core

POINTR debugging 0-no print out
flag 1-standard full
print out
2-debugging dump
3-full print out
(standard plus
debugging)
Output flag 0-problem
description and
iteration history
print out
1-above plus
geometry and
composition data
print out
2-above plus
standard balance
output
3-above plus power
calculations



Name

INT(9)

INT(10)

INT(11)
INT(12)

INT (13)

INT (14)

INT(15)

INT(17)

INT(19)

INT(50)

INT(51)
INT (52)

INT(53)

INT(54)

Local name

FSOPT

XTROUT

NSTART

NTEST

NEXT

NUNEXT

SCHOPT

MAXBLK

NBLACK

NM1

NM2

NDUM
(IM1)
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Definition
Fission source flag 0-no fission
source by
intervals

1-fission source
by intervals
printed and
written on
FSR.D1 or FSA.D1

Outer iteration 0-no extrapolation
extrapolation type 1-Chebyshev
extrapolation

2-SOR extrapolation
(source calcula-
tion only)

Maximum number of outer iterations

Number of unextrapolated outer iterations
to be done before beginning to extrapolate

Number of outer iterations to be done
during an extrapolation sequence before
testing for extrapolation payoff

Maximum number of extrapolated outer
iterations to be done during an extra-
polation sequence

Number of unextrapolated outer iterations
to be done bgtween extrapolation sequences

Search output 0-data sets
data set flag written
1-data sets

not written

Maximum size of POINTR container array
in bulk (LCS) storage

Number of black composition cards (type

07) in A.DIF1D
gn) in array FLX
1,8

Index of previous generation flux ¢£n-l)
in array FLX '8
(n-2)
i,g

Index of current flux ¢

Index of previous generation flux ¢
in array FLX

Index of previous generation flux for up-
(2-1)

scatter iterations, Lh g in array FLX
s
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Name Local Name Definition
Number of first iteration after which
e 5 fluxes are to be written on FR.D1 or FA.D1
INT(59) NRSTI Increment in NRST after which FR.D1 or
FA.D1 is to be written again
INT(93) IPROB Problem type, from SP.CICN
/HEADER/

Variables used from this common block

Name Type Definition
TITLE(10) R*8 Page title (10A6)
NPAGE 1*4 Page number

3. Local Variables

Name Type Definition

ADIF1D R*8 'A.DIF1D' for SNIFF call

SPCICN R*8 'SP.CICN' for SNIFE call

REAL R*8 'REAL' for problem tyvpe

ADJ R*8 'ADJOINT' for problem type

SORC R*8 'SOURCE' for calculation type

BOTH R*8 'BOTH' for problem tyve

CALCK R*8 'K CALC' for calculation type

AKEFF R*8 'KEFF' for print of calculation type

AKIN(2) R*8 'ALPHA' and 'SOURCE' for print of
kinetics option type

N I*4 Data set reference number for A.DIF1D

N1 1*4 Number of type 01 cards in A.DIF1D

N2 1*4 Number of type 02 cards in A.DIF1D

N3 I*4 Number of type 03 cards in A.DIF1D

N4 T4 Number of type 04 cards in A.DIF1D

N5 1*4 Number of type 05 cards in A.DIF1D
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Name Type Definition

N6 I*4 Number of type 06 cards in A.DIF1D

NS I Data set reference number for SP.CICN

DUM R*8 Dummy variable for reading unwanted data
IDUM I*4 Dummy variable for reading unwanted data
IPROB I*4 Calculation type from SP.CICN

FIXEDK R*8 kfixed from SP.CICN for source calculation

4. Functions and tasks performed by this subroutine

This subroutine reads and prints module-dependent data from data set
A.DIF1D and module-independent data from data set SP.CICN, setting up default
values where necessary.

It also initializes the data in the common block HEADER used by sub-
routine PAGHED, using the title from the first 01 card of A.DIF1D; initializes
the dynamic storage allocation routine, POINTR, using the indicated array
sizes; and defines the flux storage pointers NTH(LTH), NM1, NM2, and LTH(NDUM).
If black compositions are present, RCDEP allocates storage for the relevant
data and calls RBLACK to read them.

From data set SP.CICN, this subroutine reads MKRTHY, IPROB, ALPHA, and
FIXEDK, and sets up the corresponding data for this module: the problem type
PROB, the calculation type PROBT, and the MU = 1./FIXEDK factor for source
calculations.

5. Subprograms called by this subroutine

SNIFF (ARC System module)
BULK (entry in POINTR)
POINTR (ARC System module)
PUTPNT (entry in POINTR)
IGET (entry in POINTR)
RBLACK

PAGHED

ERRMSG

6. Subprograms calling this subroutine

D1DIN



208

7. Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Subroutine RCOMP (*)

1. Arguments

*****DATA SET A.DIF1D NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RCDEP

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*%%%*DATA SET SP.CICN NOT FOUND
ERROR NUMBER 2 in SUBROUTINE RCDEP

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

Name Type Dimension Definition
* -- -- Error return
2.  Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT (100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

INT(2)

Local name Definition
KINOPT Kinetics option 0-no kinetics
option

l-external source
due to delayed
neutrons
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Name

INT(7)

INT (35)
INT(36)
INT (37)
INT (38)

INT(39)
INT(40)

INT (41)
INT (44)
INT(50)

Name
XSCMIN
DELAY
NTAPE

ISCHI

NTAPE1
IERR

Local name

KouT

FSCMAX
GMAX
GMAXUP

MIRCHI

CHIDIM

SCTDIM
NFAM
NBLACK

Local Variables

Local name

R*8
R*8
x4

I1*4

1*4

I*4
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Definition
2-delayed data

for alpha

calculation
Output flag 0-don't print

composition

data

> 0-print composi-

tion data
Number of compositions defined
Number of fissionable compositions defined
Number of groups defined

Number of lowest-numbered group into
which upscattering occurs

Fission spectrum 0-x-vector
array type 1-x-matrix

First dimension of fission spectrum array
CHI

First dimension of scattering array SCTXS
Number of families defined

Number of black compositions defined
»

Definition
'XS.C.MIN' for SNIFF call
'XS.DELAY' for SNIFF call

Data set reference number for XS.C.MIN

Set-wide fission 0-no set-wide y
spectrum flag, 1-set-wide
from XS.C.MIN x-vector

CGMAX-set-wide y-matrix
Data set reference number for XS.DELAY

Flag set to zero before calling PCOMP
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4. Functions and tasks performed by this subroutine

This subroutine controls the reading of composition- and group-dependent
data from XS.C.MIN, XS.DELAY, and XS.ISOZ or XS.ISO.

The first thing read is the first record of XS.C.MIN and the end-of-file
following that record. If a set-wide fission spectrum Xg'g is present, the
MIRCHI flag is set for a x-vector or x-matrix, accordingly, and GETCHI is
called to read the set-wide xg€'€ from the second record of XS.C.MIN. If no
set-wide x is present, MIRCHI is set up for a matrix temporarily.

Space for storage of arrays is then allocated, and RDELAY is called to
read delayed data from XS.DELAY if the kinetics option is 2. Following this,
the (MAX composition blocks of XS.C.MIN are read by calling RGROUP for each
composition. If there was no set-wide Xg'g’ the MIRCHI flag can now be reset
if it is found that x is actually a vector.

The subroutine then sets up scattering band positions in the scattering
array and packs the scattering array by calling DIMSCT and PCKSCT. If a
print of composition data is desired (KOUT > 0), PCOMP is then called, and
finally RVEL is called to read the neutron speeds from data set XS.ISO2 or
XS.IS0 if they are needed.

5. Subprograms called by this subroutine

SNIFF (ARC System module)
ERRMSG

PUTPNT (entry in POINTR)
IGET (entry in POINTR)
GETCHI

DUMP (entry in POINTR)
RDELAY

RGROUP

REDEF (entry in POINTR)
WIPOUT (entry in POINTR)
DIMSCT

PCKSCT

PCOMP

RVEL

6.  Subprograms calling this subroutine

DI1DIN
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DECCON
DICHI

Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Arguments
Type
R*8
R*8

**x**DATA SET XS.C.MIN NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RCOMP

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

**%%*NO END-OF-FILE FOUND FOR FIRST FILE OF XS.C.MIN
ERROR NUMBER 2 IN SUBROUTINE RCOMP

The end of the first file of this data set was not found,
and the second file thus could not be read.

Execution is terminated.

*****DATA SET XS.DELAY NOT FOUND

ERROR NUMBER 3 IN SUBROUTINE RCOMP

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*%%%*NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO

ERROR NUMBER 4 IN SUBROUTINEs RCOMP

The number of families NFAM defined in XS.C.MIN was
zero, and the kinetics option indicates that delayed
data is desired for an a-calculation.

Execution is terminated.

Subroutine RDELAY (DECCON, DICHI, NFAM, GMAX, NTAPE, *)

Dimension Definition
NFAM Decay constants by family
NFAM* GMAX Delayed neutron spectrum X%

by family and group
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Name Type Dimension Definition

NFAM 1*4 == Number of families defined

GMAX T4 o= Number of groups defined

NTAPE I*4 i Data set reference number for
XS.DELAY

* -- =i Error return for error in POINTR

dynamic storage array allocation

2 Common Blocks - None

< Local Variables

Name Type Definition
DUM R*8 Dummy variable used to read unwanted data
DUMMY R*8 Dummy variable used for checking for

POINTR errors

4, Functions and tasks performed by this subroutine

This subroutine reads delayed data for kinetics options 1 or 2 from data
set XS.DELAY. It skips the first three records and reads the decay constants
(DECCON) from the fourth record and the delayed neutron spectrum (DICHI) from
the fifth. In practice, the XS.DELAY data set has never been formally defined,
and this data would now have to be read from the third and fourth files of
XS.IS02 or XS.ISO if the kinetics option were to be implemented.

5% Subprograms called by this subroutine

IPTERR (entry in POINTR)

6. Subprograms calling this subroutine

RCOMP

7.  Error messages generated by this subroutine - None




Subroutine RDIST (*)

1.  Arguments
Name Type Dimension
* s e
2 Common Blocks
/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)
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Definition

Error return

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name
FLT(1) PROB
BLE(5) PROBT
INT(2) KINOPT
INT (32) IMAX
INT(36) FSCMAX
INT(37) GMAX
INT(38) GMAXUP
INT (40) CHIDIM

INT (44) NFAM

Definition
Problem type 'REAL'
' ADJOINT'
Calculation type VK CALG!
' SOURCE'
Kinetics option 0-no kinetics

1-source due to
delayed neutrons
2-delayed data for
alpha calculations
Number of mesh intervals defined
Number of fissionable compositions defined
Number of groups defined

Number of lowest-numbered group from
which up scattering occurs

First dimension of fission spectrum array CHI

Number of families defined
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3. Local Variables

Name Type Definition

SORC R*8 'SOURCE' for calculation type

DELAY R*8 'XS.DELAY' for SNIFF call

ADJ R*8 'ADJOINT' for problem type

LENFLX i, Length of flux array FLX

NTAPE I*4 Data set reference number for XS.DELAY

4. Functions and tasks performed by this subroutine

This subroutine controls the reading of the flux data from FR.D1 or FA.Dl
and of the external source and delayed neutron data for a source problem from
ES.D1D and XS.DELAY.

It first defines the size of the array needed to store the flux (four
generations for upscattering problems, three otherwise) and calls RFLUX to
read the flux data.

It then sets up storage for the decay constants, the delayed neutron
spectrum, and the precursor constants, if the kinetics option is 1, and calls
RDELAY to read the decay constants and delayed neutron spectrum.

For any source calculation, RDIST then sets up storage for external
source data and calls RSORC to read this data from ES.D1D, weight it over
groups if desired, and add to it the external source data due to delayed
neutrons if the kinetics option has been specified.

5. Subprograms called by this subroutine

PUTPNT (entry in POINTR)
IGET (entry in POINTR)
RFLUX

DUMP (entry in POINTR)
REDEF (entry in POINTR)
SNIFF (ARC System module)
ERRMSG

RDELAY

RSORC

WIPOUT (entry in POINTR)

6. Subprograms calling this subroutine

D1DIN
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7. Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

*#***DATA SET XS.DELAY NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RDIST

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*%**3*NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO
ERROR NUMBER 2 IN SUBROUTINE RDIST

The number of families NFAM defined in XS.C.MIN was
zero, and the kinetics option indicates delayed neutron

source data is required.

Execution is terminated.

Subroutine REMCAL (RMVL, REM, VEL, FLXVOL, CMPREG, RMAX, CMAX)

1. Arguments
Name Type
RMVL R*8
REM R*8
VEL R*8
FLXVOL R*8
CMPREG 1*2
RMAX 1*4
CMAX 1*4

Z, Common Blocks

/BLKSTR/BLK (1)

Dimension Definition

RMAX* GMAX Removal contribution by region and
group

MAX*GMAX Removal cross section op

GMAX Neutron speeds by group

RMAX*GMAX Pegional flux integrals by groun

RMAX Comnosition-to-region correspondence

i Number of regions defined

=i Number of comnositions defined

POINTP. dynamic storage container
array
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/SINGLE/FLT (100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition

FLT (1) PROB Problem type 'REAL'
'ADJOINT'

FLT(3) ALPHA Inverse reactor time period a

INT(37) GMAX Number of groups defined

3. Local Variables

Name Type Definition

TITLE(9) R*8 Title for removal for TWODPR

ROWT R*8 'REGION' for row title for TWODPR

COLT R*8 '"GROUP' for column title for TWODPR

ADJ R*8 'ADJOINT' for problem type

JPONE 1*4 Problem type flag 0-real
for TWODPR 2-adjoint

4. Functions and tasks performed by this subroutine

This subroutine computes the removal contribution RMVL to the balance
equation, including o/v terms by region and group, and prints the

results by calling TWODPR. The removal term is computed as

o
e

S Ay
Rrg = Ry T B

where o is the inverse reactor time period, Vg is the neutron speed for growp g,

(OR)i(r) is the removal cross section for group g for the composition c

assigned to region r, and 2 g is the regional flux integral for r and g.
)

5. Subprograms called by this subroutine

IGET (entry in POINTR)
TWODPR



6. Subprograms calling this subroutine

D1DOUT
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7. Error messages generated by this subroutine - None

Subroutine REORDR (DC, REM, FISXS, NUFIS, (HI, SCTLIM, SCTLOC, SCTXS, VEL,
FIXSRC, EXTBC, (MAX, FSMAX, CHIDIM, SCIDIM, IMAX, GMAX,

*

1.  Arguments
Nane  Type
DC R*8
REM R*8
FISXS R*8
NUFIS R*8
(HI R*8
SCTLIM ik
SCTLOC K52
SCTXS R*8
VEL R*8
FIXSRC R*8

Dimension
QMAX*GMAX
MAX*GMAX
FSQMAX*GMAX
FSCMAX*GMAX
CHIDIM*GMAX

2*QMAX

MAX*GMAX

SCTDIM*QMAX
GMAX

IMAX*GMAX
for source
calculation
0

for k-effective

calculation

Definition
Diffusion coefficients Dg
Removal cross section 9R
Fission cross section of

Nu times fission cross section Vo,

1
Fission spectrum Xg &

Maximum number of groups of down-
scattering and of upscattering
for eagh composition

Location in scattering array

SCTXS of the scattering band
A\l

cg € associated with each

composition group

L
Scattering cross section o% &

Neutron speeds by group

Fixed external source
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Name Type Dimension Definition
EXTBC R*8 IMAX*GMAX External source due to inhomogeneous
for source interface conditions
calculation
0
for k-effective
calculation
MAX 1 == Number of compositions defined
FSQMAX I*4 = Number of fissionable compositions
defined
CHIDIM 1*4 = First dimension of fission spectrum
array CHI
SCTDIM I*4 = First dimension of scattering
array SCTXS
IMAX I*4 == Number of mesh intervals defined
GMAX 1*4 == Number of groups defined
* == == Error return for error in POINTR

dynamic storage array allocation

2. Common Blocks

/SINGLE/FLT (100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition
FLT (5) PROBT Calculation type 'K CALC'
' SOURCE'
INT(39) MI'RCHI Fission spectrum 0-x-vector
array type 1-y-matrix

3. Local Variables

Name Type Definition
SORC R*8 'SOURCE' for calculation type
DUMMY R*8 Dummy variable for checking for POINTR

errors
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Name Type Definition

NGMAX I*4 GMAX/2 for index on re-ordering

G I*4 Increasing group index G=1,..., GMAX
or G=1,...,NGMAX

GSUB I*4 Decreasing group index GSUB=GMAX-G+1

SAVE R*8 Dummy variable used in reordering

GSUBL i First subscript of fission spectrum

matrix element or scattering array
element (depending on G)

GSUB2 1*4 First subscript of fission spectrum
matrix element or scattering array
element (depending on GSUB)

GSUB3 I*4 Second subscript of fission spectrum
matrix element or scattering array
element whose first subscript is GSUB2

HLIM1 I*4 Scattering band width lower limit

HLIM2 I*4 Scattering band width upper limit

4. Punctions and tasks performed by this subroutine

This subroutine re-orders group-dependent input by group for an adjoint
problem, so that the same subroutines can be usqg for both real and adjoint
problems.

The arrays are transposed in a straightforward manner, so that G=1
appears to be G=GMAX and vice-versa, for the following quantities: neutron
speeds (VEL), diffusion coefficients (DC), removal cross section (REM),
fixed external source (FIXSRC) and source due to inhomogeneous interface
conditions (EXTBC) if present, fission cross section (FISXS), nu times
fission cross section (NUFIS), and the fission spectrum (CHI) if the fis-
sion spectrum is in vector form.

The packed scattering array (SCIXS) and the fission spectrum (CHI), if
in matrix form, are transposed in a somewhat more complicated manner, across
the counter diagonal for each composition, where the counter diagonal ele-
ments remain unchanged. Of course, in the case of the scattering array, the
entire GMAX*GMAX array is not present, and only that part which is present
is transposed. The results for one composition for a x-matrix, where GMAX=4,
are shown below.



220

All of the operations performed on these arrays are reversible (that is,
if the operation is repeated, the array will resume its original form).

(1 42t 52 ] [ oo o2 o1 |
xéz ng ng ng <f""‘:> xé“ Xg3 xéz Xgl
xéa Xé3 xéa xéa R Xé" X%a Xéz Xél
xé“ xé“ Xgu Xgu Lxéu xé3 xéz Xél

5 - 2

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
DUMP (entry in POINTR)

6. Subprograms calling this subroutine

FDCGEN

7. Error messages generated by this subroutine - None

Subroutine RFLUX (FLX, IMAX, *)

1. Arguments

Name Type Dimension Definition

FLX R*8 IMAX*GMAX*4 Flux ¢ 5 g by interval and group
for upscatter . . 2 h )
problem or four or three generations
IMAX*GMAX*3
otherwise

IMAX x4, - Number of mesh intervals defined

& = == Error return

2.  Common Blocks
/SINGLE/FLT (100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words
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Variables used from this common block

Name Local name

ELT(1) PROB

FLT(2) KEFF

FLT (15) FLXMON

FLT (72) FLXCVG

FLT(73) FLXNGL
S Local Variables

Name Type

FRD1 R*8

FAD1 R*8

ADJ R*8

DUMMY R*8

NTAPE T34

IMX1 I1*4

GMX1 I*4

Definition

Problem type 'REAL'
' ADJOINT'

k-effective
Flux monitoring factor used in computing
FLXNGL

GMAX IMAX
Sum of fluxes | J 1 G
G=1 I=1 ¥

Number less than which fluxes will be
neglected in computing X and A :

GMAX IMAX

i (O1)
g 440 i
if ¢%n(-;1)«\FUCMON* Cad [T
’ FLXCVG

neglect A%?% in computing X(n)and lﬁn)

Definition
'FR.D1' for SNIFF call
'FA.D1' for SNIFF call
'ADJOINT' for problem type

Dummy variable used for checking for
POINTR errors

Data set reference number for FR.D1
or FA.D1

Number of mesh intervals defined on
FR.D1 or FA.D1

Number of groups defined on FR.D1 or FA.D1.
Also, decreasing subscript on groups while
re-ordering fluxes; GMX1=GMAX-G+1
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Name Type Definition

KIND I*4 Kind of problem from -1 - input guess
which fluxes originated >0 - guess from
on FR.D1 or FA.D1 problem

ITER I*4 Number of iteration at which fluxes were

written on FR.D1 or FA.D1

NGMAX 1*4 GMAX/2 for re-ordering fluxes from
uncompleted adjoint problem
SAVE R*8 Dummy location used in re-ordering fluxes
by group
4. Functions and tasks performed by this subroutine

This subroutine reads the fluxes input to the problem from data set FR.D1
for a real problem or data set FA.Dl for an adjoint problem.

It first reads the initial record of the appropriate flux data set and
checks to see that the number of mesh intervals and groups defined in the data
set are the same as those defined for the problem in data sets GEOM and
XS.C.MIN, and then reads the actual flux input.

RFLUX then computes the initial values for the sum of the fluxes (FLXCVG)
and the 1limit (FLXNGL) below which fluxes are neglected in computing the flux
bounds K{n) m
are output from a previous run (KIND > 0), the routine re-orders the fluxes by
group, since this is not done on output.

and A Finally, for an adjoint problem for which the fluxes

S. Subprograms called by this subroutine

IPTERR (entry in POINTR)
SNIFF (ARC System module)
ERRMSG

6. Subprograms calling this subroutine

RDIST
7.  Error messages generated by this subroutine
Message: *%***DATA SET FR.D1*NOT FOUND

ERROR NUMBER 1 IN SUBROUTINE RFLUX
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or
**&&*DATA SET FA.D1 NOT FOUND

ERROR NUMBER 2 IN SUBROUTINE RFLUX

Significance: This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Action taken: Execution is terminated.
Message: **&XXFLUXES DIMENSIONED IMPROPERLY ON FR.D1 OR FA.D1
IMXI=iiii MX1=iiii
ERROR NUMBER 3 IN SUBROUTINE RFLUX

Significance: The number of mesh intervals (IM)(Q1 or of groups (GMX1)
defined on this data set are not the same as the corres-
ponding numbers defined on data sets GEOM and XS.C.MIN.

Action taken: Execution is terminated.

Subroutine RGEOM (*)

1. Arguments
Name Type Dimension Definition
# - = Error return to calling program

if errpr is encountered in any
subprogram called

2! Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local name Definition
BEECSD GEOM Geomet [ 'CYLSLAB'
(31) Ty typ i
'CYLINDER'

' SPHERE'
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Name Local name Definition
INT(7) KOUT Output flag 0-don't print
geometry data
> 0-print geometry
data
INT(31) RMAX Number of regions defined
INT(32) IMAX Number of mesh intervals defined
INT (34) BQMAX Number of non-continuity boundary
conditions defined (NBCDEF)
INT(35) (MAX Number of compositions defined
INT (49) NGEOM Geometry type 1-cylindrical slab
2-rectangular slab
3-cylinder
4-sphere
INT(88) NFIN Finite geometry type
INT(89) NIL Number of finite directions defined
3. Local Variables
Name Type Definition
GNAME (4) R*8 Four A8 geometry type names
DSGEOM R*8 'GEOM' for SNIFF call
NTAPE 1*4 Data set reference number for GEOM
NDUM I*4 Dummy variable used to read unwanted
data
LAREA %4 Length of area record (record type 6
of GEOM)
LZONE 1*4 Length of zone record (record type 7
of GEOM)
4. Functions and tasks performed by this subroutine

This subroutine reads geometry data from data set GEOM and modifies it
for use by the one-dimensional diffusion modules. Only record type 1 is
actually read within RGEOM; record types 2-9 are read in RMESH.
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RGEOM modifies the geometry type NGEOM so that its possible values are
1, 2, 3, or 4, and sets up the corresponding alphanumeric name in GEOM. The

space needed for geometry-related arrays is then allocated, and RMESH is

called to read record types 2-9 and modify the contents appropriately. CELCAL
is initialized, and the geometry-related data is printed by PGEOM if the out-

put option flag KOUT is greater than zero.

S. Subprograms called by this subroutine

SNIFF (ARC System module)
PUTPNT (entry in POINTR)

RMESH

IGET (entry in POINTR)
WIPOUT (entry in POINTR)

CELCAL
PGEOM
ERRMSG

6. Subprograms calling this subroutine

D1DIN

7. Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

#%***DATA SET GEOM NOT FOUND
ERROR NUMBER 1 IN SUBROUTINBE RGEOM

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*#%%*GEOMETRY TYPE CANNOT BE IDENTIFIED. NGEOM-iii
ERROR NUMBER 2 IN SUBROUTINE RGEOM

The geometry type number read from data set GEOM is not
1, 2, or 3. It may be a two-dimensional type (4,55 .6
7, or 8), or may be meaningless. The geometry type
selected in data set A.NIP (card tyve 3, cols. 13-18)
should be checked.

Execution is terminated.
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tine RGROUP (DC, REM, FSCMP, NUFIS, CHI, DNSCT, UPSCT, SCILIM,
e SCIXS, SETCHI, DECCON, DICHI, DCCHI, FISXS, CMPNAM,
BLKCMP, BLKGRP, CMAX, FSCMAX, CHIDIM, NFAM, ISCHI,

SCTDIM, NFSCMP, CMPNO, NBLACK, NTAPE, *)

1. Arguments
Name Type Dimension Definition
e
DC R*8 CMAX*GMAX Diffusion coefficients Dg
REM R*8 CMAX*GMAX Removal cross section %R
FSCMP 157 CMAX Indices of fissionable compositions
in arrays dimensioned FSCMAX
NUFIS R*8 FSCOMAX*GMAX Nu times fission cross section veog
1
CHI R*8 CHIDIM*GMAX Fission spectrum x§ g
DNSCT I*4 GMAX Number of groups of downscatter for
each group in this composition
UPSCT I*4 GMAX Number of groups of upscatter for
each group in this composition
SCTLIM 12 2*QMAX Maximum number of groups of down-
scattering and maximum number of
groups of upscattering for each
composition
]
SCTXS R*8 SCTDIM*GMAX Scattering cross section of & as
read from XS.C.MIN(SCTDUM in BLK array)
SETCHI R*8 ISCHI*GMAX Set-wide fission spectrum Xg'g’ if
present
DECCON R*8 NEAM Decay constants
for KINOPT
=1 or. 2
0
for KINOPT
=0
DICHI R*8 NFEAM*GMAX Delayed neutron spectrum xg
for KINOPT *
=1 or 2
0 for

KINOPT=0
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Name Type Dimension Definition
DCCHI R*8 NFAM*GMAX Delayed neutron-emitter-yield
for KINOPT g'
ST 5 spectrum x§
0
for KINOPT
=0
FISXS R*8 FSCMAX*GMAX Fission cross section of
CMPNAM R*8 CMAX Composition names
BLKCMP R*8 NBLACK Names of black compositions
BLKGRP I1*4 NBLACK*2 Initial and final group numbers
for each black composition name
CMAX I*4 == Number of compositions defined
FSaMAX %4, -- Number of fissionable compositions
defined
CHIDIM I*4 e First dimension of fission spectrum
array CHI
NEAM I*4 =2 Number of families defined
ISCHI 124 == Set-wide 0 - no set-wide ¥
fission spectrum 1 - set wide x-vector
flag
. GMAX - set-wide x-matrix
SCTDIM 1*4 == First dimension of scattering cross
section array
NESCMP I*4 e Index of this composition in arrays
dimensioned FSCMAX
QVMPNO I*4 5 Number of this composition
NBLACK I*4 == Number of black compositions defined
NTAPE I*4 i Data set reference number for

XS.C.MIN

* -- i Error return
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2.  Common Blocks

/SINGLE/FLT (100) , INT(100)

Single variable container; FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name
FLT (3)

INT(2)

INT(37)

INT(38)

INT(39)

Local Name

ALPHA

KINOPT

MIRCHI

3. Local Variables

Name

DUMMY

ICHI

CLIM1

CLIM2

NB

R*8

1*4

I*4

1*4

1*4

Definition
Inverse reactor time period o
Kinetics option 0-no kinetics
1-source due to
delayed neutrons
2-delayed data for
alpha calculation
Number of groups defined

Number of lowest-numbered group from which up-
scattering occurs

Fission spectrum array 0-x-vector
type 1-yx-matrix

Definition

Dummy variable used for checking for
POINTR errors

Fission spectrum -1-uses set-wide x
flag for this 0-non-fissionable
composition 1l-uses own x-vector

GMAX-uses own x-matrix

Position of first element of fission spectrum
for this composition in array CHI

Position of last element of fission spectrum
for this composition in array CHI

Black composition 0-this composition
flag not defined as
black

1-this composition
defined as black
for some group
or groups
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SCTDN
SCTUP

SLIML

SLIM2

NDUM

IH
IK

DUMSCT

IG

SUM

1*4

I*4

1*4

I*4

I*4

R*8

I*4

1*4

%4

[

R*8

I*4

R*8

Definition

Number of groups of downscatter for
given group in this composition

Number of groups of upscatter for
given group in this composition

Position of first element of scatter-
ing cross section for given group in
dummy array

Position of last element of scatter-
ing cross section for given group in
dumy array

Dummy variable for reading urwanted
data

Dummy variable for reading unwanted
data

Index on groups, H=1,...,GMAX

Index on black composition data;
decreasing index on groups, K=GMAX-H+1,
for re-ordering scattering array for
given group G

Position of Hth element in scatter-
ing array for given group G

Position of Kth element in scatter-
ing array for given group G

Dummy variable used in flipping
positions of scattering array
elements for given group

Position of Gth (self-scattering)
element in scattering array for
given group G

Sum of delayed data over families,
to be added to fission spectrum

4. Functions and tasks performed by this subroutine

This subroutine reads a composition block from data set XS.C.MIN for

all groups G of a given composition CMPNO, and modifies the data for use

by all diffusion modules.
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RGROUP first reads the initial record of the composition block, contain-
ing the fission spectrum flag ICHI and the number of upscattering and down-
scattering groups defined for each group, UPSCT and DNSCT. Using the fis-
sion spectrum flag, the locations for the fission spectrum elements for this
composition are set aside in the array (I, if any are needed. The MIRCHI
flag is set to zero if the fission spectrum is found to be a vector and if,
in the absence of a set-wide x, it was assumed to be a matrix. The scatter-
ing array elements for this composition are then all set to zero.

Next, the subroutine checks to see if this composition is black for any
groups by comparing this composition name with those defined as black (BLKQYP).
If any match is found a flag NB is set and the group limits for that composi-
tion are set up in BLKFGP, if either or both is zero. If the first group
limit is zero, the limits are set to 1 and GMAX; if the first is non-zero and
the second is zero, the second is set to the first, so that the condition ap-
plies to only one group. The composition name is compared to all composi-
tions defined as black, even after a match is found, so that group limits
will be made uniform for all occurrences of definition of this composition
as a black composition. (A composition name might appear more than once if
it were defined as black for two or more non-contiguous sets of groups, e.g.,
for G=1 to 7 and for G=16.)

The subroutine then begins to perform a series of tasks for each group
in this composition. It sets up the locations in the scattering array assigned
to the band associated with this composition and group (SLIM1l, SLIM2), and also
the maximum scattering band width which will be associated with the scatter-
ing for this composition after the data has been packed, defined by
SCTLIM(1,CMPNO)+SCTLIM(2 ,CMPNO)+1. Here SCTLIM(1,CMPNO) is the maximum number
of groups of downscattering, and SCTLIM(2,CMPNO) is the maximum number of groups
of upscattering.

The cross section data for this composition and group is then read accord-
ing to the proper format, depending on whether the composition is fissionable
or non-fissionable, on whether the fission spectrum is present as a matrix
or vector or the set-wide x is used, and on whether or not delayed data for
an alpha calculation is to be read. If the set-wide fission spectrum is to
be used for this composition, the fission spectrum for this composition and
group in the array (HI is set equal to the set-wide x from the array SETCHI.

The diffusion coefficient for this composition and group is then set up

using the transport coefficient: D(g: - i , unless (oTR)g =0, in

g
3(orp)e
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which case Dg is set to 1.0 E+15. Then, if this composition was defined as
black over any group or groups, the subroutine checks to see if this groun

is between the group limits. If it is, the diffusion coefficient Dg gsSset
to zero.

The subroutine then reverses the order of the elements in the scattering
array for this composition and group, since they are read in order from the
scattering from highest-number group into g through scattering from the lowest-
number group into g and are stored in the opposite order, and then sets the
self-scattering term to zero. This completes the list of tasks performed
for each group for this composition.

Finally, if delayed data for an alpha calculation is present, the delayed
fission spectrum terms are added into the fission spectrum array CHI.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)

6. Subprograms calling this subroutine

RCOMP

7. Error messages generated by this subroutine

Message: *%%x**TRANSPORT CROSS-SECTION IS ZERO DIFFUSION COEEF-
FICIENT IS SET TO 1.0 E+15
FOR COMPOSITION aaaaaaaa, GROUP iii

Significance: A transport cross section of zero for this composition
and group was read from data set XS.C.MIN, and hence the

diffusion coefficient, Dg I e , could not be calc-

g
3(GTR)C :
ulated. The diffusion coefficient is set to 1.0 x 1013.
Action taken: Processing continues. If this composition is found to

be defined as black for this group the diffusion coef-
ficient will be set to zero, as it should be.
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Subroutine RMESH (REGMSH, QMPMSH, MSHREG, MSHQMP, CMPREG, CRDUM, X,
DX, BSQ, REGHHT, EXTDIS, REGNAM, CMPNAM, LAREA,
LZONE, NFIN, NIL, RMAX, (MAX, IMAX, NTAPE, *)

1. Arguments

Name Type Dimens ion Definition
REGMSH 12 IMAX Region-to-mesh correspondence
CMPMSH 657 IMAX Composition-to-mesh correspondence
MSHREG I*4 IMAX Region-to-mesh correspondence
as read from GEOM
MSHCMP 1*4 IMAX Composition-to-mesh correspondence
as read from GEOM
QMPREG 1*2 RMAX Composition-to-region correspondence
CRDUM I*4 RMAX Composition-to-region correspondence
as read from GEOM
X R*8 IMAX+1 Mesh line locations
DX R*8 IMAX Mesh interval lengths
BSQ R*8 RMAX*2 Buckling B? by region and direction
REGHHT R*8 RMAX*2 Actual region half-heights (HL)
by direction i3
EXTDIS R*8 RMAX*2 Extrapolation distance
(Hr- (HL) ) by region and direction
T
REGNAM R*8 RMAX Region names
CMPNAM R*8 MAX Composition names
LAREA I*4 -- Length of area record (record type 6
of GEOM)
LZONE I*4 == Length of zone record (record type 7
of GEOM)
NFIN 1] == Number of finite geometry type

NIL I%4 o= Number of finite directions defined
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Name Type Dimension Definition

RMAX 1*4 = Number of regions defined

CMAX I*4 e Number of compositions defined
IMAX I*4 o Number of mesh intervals defined
NTAPE I*4 == Data set reference number for GEOM

e -is Error return for error in POINTR
dynamic storage array allocation

2. Common Blocks

/SINGLE/FLT (100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition
FLT(32) XL Left reactor boundary (X(1))
FLT (33) XR Right reactor boundary (X(IMAX+1))

e Local Variables
Name Type * Definition
DUMMY R*8 Dummy argument for checking for
POINTR errors

4, Functions and tasks performed by this subroutine

This subroutine reads record types 2- 9 of data set GEOM and modifies
the data for use by one-dimensional diffusion theory modules.

It first reads mesh line locations from record type 2 into X and sets
up XL and XR and the mesh interval lengths DX. It then reads region-to-mesh
correspondence (record type 3), composition-to-mesh correspondence (record
type 4), and composition-to-region correspondence (record type 5) into the
temporary I*4 arrays MSHREG, MSHCMP, and CRDUM and transfers them to the
I1*2 arrays REGMSH, CMPMSH, and CMPREG for permanent storage.
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Record types 6 and 7 (area and zone definitions) are skipped if
present.

Finite geometry data, including buckling, actual half-height, and
extrapolated half-height, are then read from record type 8 into the
arrays BSQ, REGHHT, and EXTDIS. If buckling data for a given region R
and direction N is not present, BSQ(R,N) is set to zero, and for any
region and direction in which BSQ(R,N) is zero, both the actual and the
extrapolated half-heights are set to .5. For all regions and directions,
then, the extrapolation distance EXTDIS is set up by subtracting the con-
tents of REGHHT from those of EXTDIS.

Finally, the region and composition names are read from record type 9
into REGNAM and CMPNAM.

5.  Subprograms called by this subroutine

IPTERR (entry in POINTR)

6.  Subprograms calling this subroutine

RGEOM

7. Error messages genérated by this subroutine - None

Subroutine RSORC (FIXSRC, DECCON, DICHI, PRECON, NUFIS, CHI, FISSUM, WELAG,
CMPMSH, FSQMP, NFAM, IMAX, FSCMAX, CHIDIM, NTAPE1, *)

16 Arguments

Name Type Dimension Definition
FIXSRC R*8 IMAX*GMAX External fixed source
DECCON R*8 NFAM for Decay constants by family

KINOPT=1

or 2

0 for KINOPT

=0
DICHI R*8 NFAM*GMAX for * Delayed neutron spectrum xg

KINOPT=1 or "

2

0 for KINOPT
=0



285

Name Type Dimension Definition
PRECON R*8 NFAM*IMAX for Precursor constants
KINOPT=1
0 for KINOPT
=0 or 2
NUFIS R*8 FSCMAX*GMAX Nu times fission cross section
Vo
£
QI R*8 CHIDIM*GMAX Fission spectrum ngg
FISSUM R*8 FSQMAX*GMAX Weighting factor for external fixed
for PROB source
= '
FSCMAX for
PROB="'ADJOINT'
WFLAG I*4 IMAX Weighting flags 0-no weighting
for fixed source 1-distribute
by intervals external source

OVET grouns

CMPMSH T%2 IMAX Composition-to-mesh correspondence

FSCMP %2 CMAX Indices of fissionable compositions
in arrays dimensioned FSCMAX

NFAM I*4 =i Number of families defined

IMAX 1*4 -- Number of mesh intervals defined

FSCMAX I*4 = Number of fissionable compositions

CHIDIM I*4 -- First dimension of fission spectrum
array CHI

NTAPE1 I*4 -- Data set reference number of XS.DELAY

& == i Error return for error in POINTR

dynamic storage array allocation

2.  Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block
Name Local Name Definition

FLT(1) PROB Problem type 'REAL'
' ADJOINT'
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Name Local Name
INT(2) KINOPT
INT(35) CMAX
INT(37) GMAX
INT(39) MTRCHI

S Local Variables

Name
ADJ

ESD1

IMX1

IPRT

DUMMY

NTAPE

R*8
R*8
1%4
1%4

1*4

R*8

1%4

Definition

Kinetics option 0-no kinetics
1-source due to
delayed neutrons
2-delayed data for
alpha calcula-
tion

Number of compositions defined

Number of groups defined

Fission spectrum 0-x-vector
array type 1-x-matrix
Definition

'ADJOINT' for problem type
'ES.D1D' for SNIFF call
Number of groups defined on ES.D1D
Number of mesh intervals defined on ES.D1D
Message printing flag 0-message has not
been printed
1-message has been

printed once

Dummy variable for checking for POINTR
errors

Data set reference number for ES.D1D

4. Functions and tasks performed by this subroutine

This subroutine reads the external fixed source data from data set

ES.DID and distributes it over groups using fission spectrum weighting for

the mesh intervals for which this option is specified. If no external fixed

source data set is present, the external source is set to zero, and the source

is assumed to be due to inhomogeneous boundary conditions.

If external fixed source data is present, the subroutine first sets up
the array FISSUM, used in calculating the weighting factor which will be
used in distributing the external fixed source. For a real problem with a

x-Vector this array is not used, since the weighting factor is simply xg
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for all groups G in the specified mesh interval I with corresponding fission-
able composition N. For a real problem with a x-matrix, the weighting factor

QX .,
is FISSUM(N,G), where FISSIM(N,G) = ] x{ C/GQWX. For an adjoint problem,
61

ey o QUAX d

the weighting factor used is FISSIMTNY ° where FISSUIM(N) = Gzl (vcogly

After setting up the contents of the array FISSUM, if needed, the sub-
routine reads the first record of data set ES.D1D, containing the number of
intervals, the number of groups, and the flags WFLAG(I) for each interval I,
which determine whether distribution of source data over groups is to be per-
formed in that interval. It then reads the external fixed source data into
the array FIXSRC, checks the number of groups and of intervals specified
in the data set against those specified in the problem, and performs fis-
sion spectrum distribution of the fixed source over groups in the inter-
vals for which it is specified. If distribution is specified for any in-
terval to which a non-fissionable composition is assigned, the fixed source
for every group in that interval is set to zero.

If desired, the subroutine then prints external fixed source data in
its modified form and returns, unless the kinetics option 1 is specified.
In that case, the subroutine reads past the first end-of-file on XS.DELAY
and reads the precursor constants into the array PRECON. It then adds the
external source due to delayed neutrons into the external source already
calculated.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
SNIFF (ARC System module)
DUMP (entry in POINTR)
ERRMSG

PAGHED

6. Subprograms calling this subroutine

RDIST
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7.  Error messages generated by this subroutine

Message: #***XEXTERNAL FIXED SOURCE DATA DIMENSIONED IMPROPERLY
ON ES.DI1D

IMX1=i1ii GMX1=iiii
ERROR NUMBER 1 IN SUBROUTINE RSORC

Significance: The number of intervals IMX1 and/or the number of groups
GMX1 defined on this data set do not agree with those de-
fined for the problem in data sets GEOM and XS.C.MIN.

Action taken: Execution is terminated.

Message: **%%XNO END-OF-FILE FOUND FOR THE FIRST FILE OF XS.DELAY
ERROR NUMBER 2 IN SUBROUTINE RSORC

Significance: The end-of-file for the first file of XS.DELAY was not
found and the precursor constants could not be read
for the kinetics option.

Action taken: Execution is terminated.

Message: *#***FISSION SPECTRUM WEIGHTING USING A NON-FISSIONABLE
COMPOSITION
CAUSES THE EXTERNAL SOURCE DATA AFFECTED TO BE SET TO

ZERO
INTERVALS AFFECTED ARE
I¥=s19 11
I=ijii
Significance: As indicated, fission-spectrum weighting has been specified
fo; the indicated interval or intervals, each of which con-
tains a non-fissionable composition.

Action taken: FIXSRC(I,G) is set to zero for G=liy woiey -GMAXC




Subroutine RVEL (VEL, GMAX, *)

e, AY nts
Name Type Dimension
VEL R*8 GMAX
GMAX 124 =
* — _—

2.  Common Blocks

/SINGLE/FLT (100), INT(100)

Definition
Neutron speeds by group
Number of groups defined

Error return

Single variable container; FLT
contains 100 R*8 words and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
FLT (3) ALPHA
INT (2) KINOPT
INT(7) KouT
INT (93) IPROB
INT(94) KFLAG

5 Local Variables
Name Type
XSVEL R*8
XSVEL2 R*8

Definition
Inverse reactor time period o

0-no kinetics

1-source due to
delayed neutrons

2-delayed neutrons
for alpha cal-

Kinetics option

culation
Output flag 0-don't print
speeds
>0-print speeds
Problem type 5-a-search
Type of variable pre- O-keff
scribed to be searched 1
-0
to
Definition
'XS.IS0' for SNIFF call
LXSE[802" for SNIFE call

238



240

Definition

Dummy variable used for checking for
Data set reference number for XS.ISO
Number of groups defined on XS.ISO or
Number of isotopes defined on XS.ISO
Dummy variable used to read isotope
names from XS.ISO or XS.IS02

Dummy variable used to read number of

records in second file to be skipped
to read isotope data for given

NGROUP+1, for use in reading record
type 3 of XS.ISO or XS.ISO2
Fission spectrum flag for isotope set

Dummy variable used to read energy

Name Type
DUMMY R*8

POINTR errors
NTAPE I*4

or XS.IS02
NGROUP I*4

XS.1S02
NISO 1*4

or XS.IS02
ISO 1*4
Loc 1*4

isotope I
NGP1 1*4
ICHI 1*4
E R*8

boundaries of groups
U R*8

Dummy variable used to read lethargy
boundaries of groups

4. Functions and-tasks performed by this subroutine

This subroutine reads neutron speeds by groups, if needed, from
record type 3 of data set XS.ISO2, if that data set is present, or from

XS.ISO otherwise.

If neither data set is present, or if speeds are not

needed, the speeds are set to 1. in all groups.
If the speeds are read from XS.ISO or XS.ISO2, and if the output
flag KOUT is greater than zero, the speeds and the data set reference

number are printed.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
SNIFF (system routine)
PAGHED
ERPMSG



6. Subprograms calling this subroutine

RCOMP

7. Error messages generated by this subroutine

Message: ****&NUMBER OF GROUPS DEFINED IN XS.ISO OR XS.IS02
DOES NOT AGREE WITH NUMBER DEFINED IN GEOM
DSRN = iii GMAX = iii NGROUP - iii
ERROR NUMBER 1 IN SUBROUTINE RVEL
Significance: As stated, the number of groups defined in the two
data sets do not agree. DSRN is the data set reference
number associated with XS.ISO or XS.IS02, GMAX is the

number of groups defined in GEOM, and NGROUP is the
number defined in XS.ISO or XS.ISO2.

Action taken: Execution is terminated.

Subroutine SCTCAL (SCAT, SCTLIM, SCTLOC, SCTXS, FLXVOL, CMPREG, RMAX, (MAX,

SCTDIM)
L Ap nts

Name Type Dimension Definition

SCAT R*8 RMAX*GMAX Scattering source by region and
group

SCTLIM %2 2*QMAX Maximum number of groups of down-
scattering and of upscattering
for each composition

SCTLOC 1%2 (MAX*GMAX Location of scattering band for
each composition and group in
SCTXS

SCTXS R*8 SCTDIM*GMAX Scattering cross section 0<g: g

FLXVOL R*8 RMAX*GMAX Regional flux integrals by group

CMPREG 1 RMAX Composition-to-region correspondence

RMAX 1*4 == Number of regions defined

CMAX I*4 s Number of compositions defined

SCTDIM I*4 e First dimension of scattering array

SCTXS
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2. Common Blocks

/BLKSTR/BLK(1)

/SINGLE/FLT(100), INT(100)

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
FLT(1) PROB
INT(37) GMAX

3. Local Variables

Name Type
TITLE(9) R*8

ROWT R*8
COLT R*8
ADJ R*8
ML 1*4
GPRMLO LEq
MU 1L
GPRMHI g
GPRM I*4
GSUB 1*4

Definition

Problem type 'REAL'
' ADJOINT'

Number of groups defined

Definition
Title for scattering for TWODPR
'REGION' for row title for TWODPR
'GROUP' for column title for TWODPR
'ADJOINT' for problem type

Minimum lower limit of scattering band
for given composition and group

Actual lower limit of scattering band

Maximum upper limit of scattering band
for given composition and group

Actual upper limit of scattering band
Index on band width

Location of given element in scattering
array SCTXS

4.  Functions and tasks performed by this subroutine

This subroutine computes and prints the scattering source contribution

SCAT to the balance equation by region and group. The scattering source by

region and group is computed as
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Ss - L
T,g g.Zl e e

4
where og(g) is the scattering cross section for the given group and the com-
position c corresponding to region r, and 0 g' is the regional flux inte-
gral for r and g'. ’

5. Subprograms called by this subroutine

IGET (entry in POINTR)
TWODPR

6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None

Subroutine SOUTER (*)

1. Arguments

Name Type Dimension Definition
»

= —= Error return for error in ENDOT1

*

or ENDOT2
2.  Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block
Name Local Name Definition

FLT(1) PROB Problem type :AR%}IENT'
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Name
FLT(6)
INT(10)

INT(11)

INT (12)
INT(16)
INT(32)
INT(37)

INT(51)

INT(52)

INT(53)

INT(57)

INT(58)

INT(59)

Local Name

MU
XTROUT

NSTART

IMAX

NTH

NM1

ITER

NRST

NRSTI

3 Local Variables

Name
FRD1
ADJ

FADL

NCHECK

NC

Type
R*8
R*8
R*8
I*

1*4

Definition

1/k 4 factor

fixe
Extrapolation type 0-no extrapolation
1-Chebyshev extrap-
olation
2-SOR extrapolation
Maximum number of iterations

Number of first iteration at which an ex-
trapolation sequence is to begin

Degree of Chebyshev polynomial for Cheby-
shev extrapolation, and iteration counter
for extrapolation

Number of mesh intervals defined

Number of groups defined

Index of nth-generation flux in array FLX

Index of (n-1)th-generation flux in array
FLX

Index of (n-2)th-generation flux in array
FLX

Number of iteration at which fluxes are
written on data set

Number of first iteration at which fluxes
are to be written on FR.D1 or FA.D1

Increment in NRST after which FR.D1 or
FA.D1 is to be written again

Definition
'FR.D1' for SNIFF call
'ADJOINT' for problem type
'FA.D1' for SNIFF call

Number of next iteration at which fluxes
are to be written on data set

Number of next iteration at which new
page will be begun
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Name Type Definition

N1 1*4 Data set reference number for FR.D1 or
FA.D1

KIND I%q Kind of fluxes written

NDUM T8 Dummy variable used in updating flux gen-
eration indices

IRETRN T Flag returned from -l-error in routine
ENDOT1 or ENDOT2 0-normal return

1-problem has
converged
*
FIXK R*8 1/u factor (kfixed)

4. Functions and tasks performed by this subroutine

This subroutine controls the performance of the source iterations and
the writing of the appropriate flux data set FR.D1 or FA.D1 for the restart
option for the one-dimensional diffusion theory source calculation.

It first sets up the page heading for the iteration history printout,
and the number NC of the iteration at which the next new page will be begun.
There are 15 iteration records to a page, in general, except that writing
out of the flux data set always causes a new page to be begun.

The number NCHECK of the iteration after which the appropriate flux data
set is to be written is also initialized at NRST; it will be incremented
thereafter by NRSTI each time the data set i1s written.

OUTERS then, for each iteration, undates the flux generation positions
so that the new generation flux will replace the oldest flux now present,
and calls SSWEEP to control the mesh sweep by groups. It then calls either
ENDOT1 (for no extrapolation or Chebyshev extrapolation) or ENDOT2 (for SOR
extrapolation) to perform monitoring and acceleration if required and to
test for convergence. If the problem has not converged, the routine writes
the flux data set if required after the iteration, calling WFLX to write the
second record, and continues to iterate. If the problem has converged, or
if the maximum number of iterations is exceeded, control is returned to the
calling program, and the output section will be the next to be performed.
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5. Subprograms called by this subroutine

SNIFF ENDOT2 (entry in INDOT2)
PAGHED IGET (entry in POINTR)
SSWEEP (entry in ISSWEP) WELX

ENDOT1 (entry in INDOT1) ERRMSG

6. Subprograms calling this subroutine

SRCCAL

7.  Error messages generated by this subroutine

Message: #%%**GOURCE ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE SOUTER

Significance: The maximum number of iterations, NMAX, has been exceeded,
and the problem has not converged.

Action taken: Execution of the remainder of the program, consisting of
the output section, is performed as if the problem had
converged.

Subroutine SRCCAL (*)

1. Arguments

Name Type Dimension Definition

~ 7
i = Error return to calling program
for error encountered in a sub-

program called

2.  Common Blocks

/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable cont ainer: FLT

" contains 100 R*8 words, and INT
contains 100 I*4 words



Variables used from this common block

Name Local Name
INT(19) MAXBLK
INT(32) IMAX

e Local Variables

Name Type
LAST e
LASTB i

Definition

Size of POINTIR container array in bulk
storage

Number of mesh intervals defined

Definition

Last location used in POINTR core con-
tainer array

Last location used in POINTR bulk con-
tainer array

4. Functions and tasks performed by this subroutine

This subroutine controls the source calculation for the one-dimensional
diffusion theory k-effective and source calculation module. It allocates
storage for the total source and the intermediate results w of the Choleski

inversion, determines and prints the amount of space required in the POINTR

container arrays for the calculation section, calls ISSUBS to initialize sub-

routines used for every iteration, and calls SOUTER to control the source

iterations.

5. Subprograms called by this subroutine

PUTPNT (entry in POINTR)
ILAST (entry in POINTR)
ILASTB (entry in POINTR)

ISSUBS
SOUTER

6. Subprograms calling this subroutine

D1DCAL

7. Error messages generated by this subroutine - None
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Subroutine STORBC (SAVE, BNDC, NBC)

1. Arguments

Name Type Dimension Definition
SAVE R*4 8 Address of MESHI from subroutine
RBNDC (location of common block
BCBLK)
BNDC 1*4 8*NBCDEF Boundary condition data from
R*4 BNDC
NBC 1*4 = Number of boundary condition record

just read in RBNDC

2% Common Blocks - None

35 Local Variables - None

4, Functions and tasks performed by this subroutine

For each boundary condition NBC, NBC=1,...,NBCDEF, defined in data set
BC, this subroutine stores the eight boundary condition definition terms
in the locations (1,NBC),..., (8, NBC) of the array BNDC. The boundary con-
dition terms are obtained from the common block BCBLK through referencing

its first element, MESHI. The first four elements of each eight are actually
I*4; the second four are R*4.

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

RBNDC

7.  Error messages generated by this subroutine - None




Subroutine SUMCAL (LEAK, RWVL, SCAT, FISS, EXTS, BINC, LEAKR, LEAKG,
RMVLR, RMVLG, SCATR, SCATG, FISSR, FISSG, EXTSR,
EXTSG, BLNCR, BLNCG, REGNAM, RMAX)

1.  Arguments
Name Type Dimension
LEAK R*8 RMAX*GMAX
RMVL R*8 RMAX*GMAX
SCAT R*8 RMAX*GMAX
FISS R*8 RMAX*GMAX
EXTS R*8 RMAX*GMAX
BLNC R*8 RMAX*GMAX
LEAKR R*8 RMAX
LEAKG R*8 GMAX
RMVLR R*8 RMAX
RMVLG R*8 GMAX
SCATR R*8 RMAX
SCATG R*8 GMAX
FISSR R*8 RMAX
FISSG R*8 GMAX
EXTSR R*8 RMAX

Definition
Leakage by region and group
Removal by region and group

Scattering source by region and
group

Fission source by region and
group

External source by region and
group

Balance by region and group

Leakage by regions, summed over
groups
Leakage by groups, summed over
regions

Removal by regions, summed over
groups
»

Removal by groups, summed over
regions

Scattering source by regions,
summed over groups

Scattering source by groups,
summed over regions

Fission source by regions,
summed over groups

Fission source by groups,
summed over regions

External source by regions,
summed over groups
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Name

EXTSG

BLNCR

BLNCG

REGNAM

RMAX

Type Dimension
R*8 GMAX
R*8 RMAX
R*8 GMAX
R*8 RMAX
1*4 o

2.  Common Blocks

/BLKSTR/BLK (1)

/SINGLE/FLT(100), INT(100)

Variables used from this common block

Name Local Name
FLT(1) PROB
EIE(S) PROBT
INT(37) GMAX

3. Local Variables

Name
ROW1
ROW2
ADJ

SORC

R*8
R*8
R*8

R*8

Definition

External source by groups, summed
over regions

Balance by regions, summed over
groups

Balance by grouns, summed over
regions

Region names

Number of regions defined

POINTR dynamic storage container
array

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Definition
Problem type 'REAL'
'ADJOINT'
Calculation type 'K CALC'
'SOURCE'

Number of groups defined

Definition

'REGION' for row title
'GROUP' for row title
'ADJOINT' for problem type

'SOURbE' for calculation type
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Name Type Definition

LEAKTL R*8 Total leakage for reactor

RMVLTL R*8 Total removal for reactor

SCATTL R*8 Total scattering source for reactor
FISSTL R*8 Total fission source for reactor

EXTSTL R*8 Total external source for reactor

BLNCTL R*8 Total balance for reactor

Gl I*4 Group number for printing G1=1,2,...,GMAX,

for real problem G1=GMAX, GMAX-1,...,1
for adjoint problem

4. Functions and tasks performed by this subroutine

This subroutine sums each quantity computed by region and groun for the
balance calculation over grouns, over regions, and over the reactor, and
prints the results. Quantities summed include the leakage contribution LEAK,
the removal contribution RMVL, the scattering source contribution SCAT, the
fission source contribution FISS, the external source contribution EXTS when
present, and the balance term BLNC.

5. Subprograms called by this subroutine

PAGHED

6. Subprograms calling this subroutine

D1DOUT

7. Error messages generated by this subroutine - None
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Subroutine TWODCR (ARAY, ICT, JCT, TITLE, RNAM, JPONE)

1.  Arguments

Name Type Dimension Definition

ARAY R*8 LCT*ICT Two-dimensional array to be printed

IET 1*4 == Number of rows in array

JEl 16! == Number of colums in array

TR R*8 9 Title of array (9A8)

RNAM R*8 ICE2 Pairs of region names delineating
region interfaces (RBOUND in BLK
array)

JPONE 1*4 = Column numbering 0-number columns
flag with integers

1570 R IG
2-number columns
with integers
JCTS ICT=18
Ll
2. Common Blocks - None
3. Local Variables
Name Type Definition
COLT R*8 ' GROUP' for column title
I 1*4 Number of first row to be printed on page
IMAX I*4 Number of last row to be printed on page
IFLAG I*4 New page flag 0-start new page
l-stay on same
page (NROW+
IDIF < 57)
IEND I1*4 Number of last colum (JCT)
MIN 1*4 Number of first column to be printed on
page *
MAX 1*4 Number of last column to be printed on

page
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Name Type Definition

NROW I*4 Approximate number of rows printed on
page (sum of IDIF's)

JCI I*4 Increasing index on colums,
JCI=1,... ,MAX-MIN+1

JELIP(7) I*4 Flipped column integer indices for
JPONE=2:
IEND-MIN+1, IEND- (MIN+1)+1,...,
TEND-MAX+1

IDIF I*4 Approximate number of rows printed in

colum pass, IDIF=(IMAX-II+1)+4

4, Functions and tasks performed by this subroutine

This subroutine is a special version of TWODPR designed to print currents
by groups across region interfaces. ICT is RMAX+1l, and JCT is GMAX. The

column heading is ' GROUP', and the row heading is e ;
LEFT RIGHT

where under "LEFT" and "RIGHT" are printed the names of the regions delineating
the region interface on the left and on the right, from array RNAM(ICT,2), the
array RBOUND in the common block BLK, in 2(4X, A6) format.

The array members are printed in 1PE15.6 format. No transposition
option is given; however, the decreasing numbering option on columns (JPONE=2)
is offered for use in adjoint problems.

5. Subprograms called by this subroutine

PAGHED

6. Subprograms calling this subroutine

LKCAL

7. Error messages generated by this subroutine - None
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Subroutine TWODEL (ARAY, ICT, JCT, TITLE, RNUM)

1. Arguments
Name Type Dimension Definition
ARAY R*8 ICT*JCT Two-dimensional array to be printed
G 1*4 == Number of rows in array
JCT 1*4 & Number of colums in array
TITLE R*8 9 Title of array (9A8)
RNUM R*8 ICT Numbers for rows of array (XBAR in
BLK array)
2.  Common Blocks - None
3. Local Variables
Name Type Definition
QOLT R*8 ' GROUP' for column title
1I 1*4 Number of first row to be printed on page
IMAX 1*4 Number of last row to be printed on page
IFLAG I*4 New page flag 0-start new page
1-stay on same
page
(NROW+IDIF<57)
IEND I=4 Number of last colum (JCT)
MIN I*4 Number of first column to be printed on
page
MAX 1*4 Number of last column to be printed on
page
NROW I*4 Approximate number of rows printed on
page (sum of IDIF's)
IDIF I*4 Approximate number of rows printed in

column pass, IDIF=(IMAX-II+1)+4

1D I*4 Integer row number I
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4, Functions and tasks performed by this subroutine

This subroutine is a special version of TWODPR designed to print fluxes,
fission densities, and other quantities for which ICT is IMAX and JCT is
GMAX. The colum heading is ' GROUP', and the row headings are two:
MESH MESH
INTERVAL and INTERVAL
NUMBER CENTER.

The mesh interval numbers are simply the integers 1, 2, ..., ICT, and the
mesh interval centers the members of the floating point array RNUM(ICT),
the array XBAR in the common block BLK, printed in F10.3 format.

The array members are printed in 1PE15.6 format. No transposition
option is given. Adjoint arrays are re-ordered by group before printing
by calling subroutine FLIP.

5. Subprograms called by this subroutine

PAGHED

6. Subprograms calling this subroutine

NRMCAL

7. Error messages generated by this subroutine - None
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Subroutine TWODPR (ARAY, ICT, JCT, TITLE, ROWT, COLT, INVRT, IPONE,

1l

Arguments
Name  Type
ARAY R*8
T 1*4
JCT I*4
TITLE R*8
ROWT R*8
COLT R*8
INVRT I*4
IPONE 1*4
JPONE I*4

JPONE, RNUM, CNUM)

Dimens ion

ICT*JCT

Definition

Two-dimensional array to be printed

Number of rows in array

Number of colums in array

Title of array (9A8)
Row title (A8)
Column title (A8)

Array transposi-

tion flag

Row numbering
flag

Column number-
ing flag

0-print array

as given

1-transpose rows

and colums in
printing

0-number rows

with integers
1525 TG
for INVRT=0,
or 1,2 e
JCT for INVRT=1

1-number rows

with members
of floating-
point array
RNUM

2-label rows

with members
of alpha-
numeric array
RNUM

0-number columns

with integers
iV T
for INVRT=0, or
1,2, 1GL Fon
INVRT=1

1-number columns

with members of
floating-point
array CNUM



Name

Type

R*8

R*8

Dimension

ICT for
INVRT=0
JEI for
INVRT=1

JET for
INVRT=0
IGTE for
INVRT=1

e Common Blocks - None

3., Local Variables

Name

II

1J

IMAX

MIN

IFLAG

IEND

1*4

1*4

I*4

1*4

I*4

1*4

I*4

1*4

Definition

2-number columns
with integers
ACH, e
sl FOPE
INVRT=0, or
ICT, ICT-1,

Numbers or labels for rows, if
IPONE=1 or IPONE=2

Numbers for columns, if JPONE=1

Definition

Number of first row to be printed on
page for INVRT=0

Number of first row to be printed on
page for INVRT=1

Number of last row to be printed on
page for INVRT=0

Number of last row to be printed on
page for INVRT=1

Number of first column to be printed
on page

Number of last colum to be printed
on page

New page flag 0-start new page

1-stay on same
page
(NROW+IDIF<57)

Number of last column (JCT for INVRT=0,
ICT for INVRT=1)
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Name Type Definition

NROW 1*4 Approximate number of rows printed on
page (sum of IDIF's)

JGI 1*4 Increasing index on columns, JCI=1,...,
MAX-MIN+1

JELIP(7) 1*4 Flipped colum integer indices for
JPONE=2: IEND-MIN+1,IEND- (MIN+1)+1,
... ,IEND-MAX+1

IDIF 1*4 Approximate number of rows printed in

pass, IDIF=(IMAX-II+1)+4 for INVRT=0,
IDIF=(JMAX-1J+1)+4 for INVRT=1

ID I*4 Integer row number I for IPONE=0
FID R*8 Floating-point row number RNUM(I) for

IPONE=1, or alphanumeric label
RNUM(I) for IPONE=2

4, Functions and tasks performed by this subroutine

This subroutine prints a given two-dimensional array ARAY (ICT,JCT) in
a format selected using the various options offered by the subroutine. The
array is printed with a maximum of seven colums and 52 rows to a page. All
rows are printed for a given group of seven or less colums before the next
set of columns is begun.

The major option offered is that of transposing the array, by setting
INVRT to 1, so that rows are printed as colums and colums as rows. This
does not affect the array contents, but merely the order in which they are
printed. It also does not affect column and row headings and labels; these
are used as input and are not affected by the INVRT flag.

Other options concern the manner in which columns and rows are indexed.
A general colum title is printed above each column, and a general row title
before every row; these general titles can be followed by various types of
individual labels.

For rows, the options are as follows:

IPONE=0: the rows are numbered with the integers 1,2,...,ICT, for
INVRT=0; for INVRT=1, of course, the range is 1,2,...,JCT.
IPONE=1 the rows are numbered with the members of the floating-

point array RNUM(ICT) for INVRT=0, or RNUM(JCT) for
INVRT=1, in F10.3 format.



IPONE=2: the rows are labeled with the members of the alphanumeric
array RNUM(ICT) for INVRT=0, or RNUM(JCT) for INVRT=1,
in A8 format.

For columns, the options are as follows:

JPONE=0: the columns are numbered with the integers 1,2,...,JCT for
INVRT=0, or 1,2,...,ICT for INVRT=1.

JPONE=1: the columns are numbered with the members of the floating-
point array CNUM(JCT) for INVRT=0, or CNUM(ICT) for
INVRT=1, in F 10.3 format.

JPONE=2: the columns are numbered with the integers JCT, JCT-1,
v, L for INVRT=05 or' ICT, ICT-1,...,. for INVRT=1.

If IPONE is zero, any array or dummy variable can be used in the call-
ing sequence in place of RNUM, since RNUM will not be used; the same holds
true for CNUM when JPONE is either zero or two.

As many complete sets of seven columns, each for all rows, as can be
fit on one page will be printed to a page. Breaking up of sets of seven
colums on successive pages will be done only if there are more than 52
rows. On each page, the general page heading and page number, set up in
common block HEADER for subroutine PAGHED, are printed, followed by the input
array title. Column and row headings are printed for each column and row.
Array members are printed in 1PE15.6 format.

5. Subprograms called by this subroutine
PAGHED

6. Subprograms calling this subroutine

NRMCAL FISREG (entry in FISCAL)
LKCAL EXTCAL

REMCAL BALCAL

SCTCAL

7. Error messages generated by this subroutine - None
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Subroutine WELX (FLX, IMAX, GMAX, NTH, N1)

I Arguments
Name  Type
FLX R*8
IMAX 1*4
GMAX I*4
NTH I*4
N1 1*4

23 Common Blocks - None

Dimension

IMAX*GMAX*4
for up-
scattering
problems
IMAX*GMAX*3
otherwise

34 Local Variables - None

Definition
Flux ¢i,g for four or three

generations

Number of mesh intervals defined
Number of groups defined

Index of nth-generation flux in
array FLX

Data set reference number for
FR.D1 or FA.D1

4., Functions and tasks performed by this subroutine

This subroutine writes the second record of the flux data set FR.D1
or FA.D1 for the restart option for a source calculation.

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

7.  Error messages generated by this subroutine - None




261

Subroutine WIPE

1.  Arguments - None
5. Common Blocks - None

3. Local Variables - None

4. PFunctions and tasks performed by this subroutine

This subroutine wipes out from the POINTR container array all arrays
set up for the output section of the one-dimensional diffusion theory
modules, so that the space can be used if necessary by the section follow-
ing the output section.

5. Subprograms called by this subroutine

WIPOUT (entry in POINTR)

6. Subprograms calling this subroutine

DIF1D (when executing module NUC002)
DIDSCH (when executing module NUC004)

7. Error messages generated by this subroutines - None
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5. DIF1D (NUC002) Common Block Descriptions

This section provides more detailed information about the common blocks
used by the DIF1D subprograms. The common blocks appear in alphabetical order

by name.

For each common block, all variables are listed in order of appearance in
the block by name and type, and the definition of each is given. In addition,
there appears for each variable a list of the subprograms in which the value
of the variable is set or altered. Local names are listed for members of the
/SINGLE/ common block.

A special case is the /BLKSTR/ common block, which contains the container
array BLK used by the dynamic storage allocation module POINTR (see Volume I
of this series). Section 6 contains a list of the names of all arrays which

may be defined in the container array at any point in the execution of the
module.



/BCBLK/
Name — Type
MESHI I*4
TTYPE I24
GINT T%4
GFIN I*4
C(4) R*4

/BLKSTR/
Name  Type
BLK(MAXSIZ R*8
+ MAXBLK)

/GNAME/
Name Type
GEOM R*8

Subprograms
where values

dresset

or modified

RBNDC

RBNDC

RBNDC

RBNDC

RBNDC

Subprograms
where values
are set

or modified

RCDEP

Subprograms
where values
are set

or modified

CELCAL

263

Definition
Mesh line number, negative if boundary
condition is on left side of line,

positive if on right side, from data
set BC

Boundary condition type, from data
Set BE
5 1 =

1 C1¢ + C2¢ C3
P C1¢' + CZ/D ¢ = C3

where D is the diffusion coefficient
st S R et 1]

Uieg. ™ Cghe + TG00

Number of initial group to which
condition applies, from data set BC

Number of final group to which
condition applies, from data set BC

Four boundary conditioh coefficients

»

Definition
Large POINTR dynamic storage
container array

Definition
Geometry type 'CYLSLAB'
'"RECTSLAB'
'CYLINDER'

'SPHERE'
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/HEADER/
Subprograms
where values
are set
Name Type or modified
TITLE(10) ~R*8 RCDEP
NPAGE I*4 RCDEP
PAGHED
/NAMBLK/
Subprograms
where values
are set
Name Type or modified
NAME R*8 ERRMSG

/SINGLE/FLT(100) ,INT(100)

Subprograms
where values
Local are set
Name Name or modified
FLT(1) PROB RCDEP
DIF1D
FLT(2) KEFF RFLUX
ENDOUT
(entry in
INDOUT)
FLT(3) ALPHA RCDEP
FLT(4) SCTEPS RCDEP

Definition

Page heading (10A6), from data set
A.DIF1D

Page number, initialized at zero and
incremented with each printing

Definition

Name of subroutine calling ERRMSG (A8)

Definition

Problem type, determined 'REAL'

from SPCICN data ' ADJOINT'
'BOTH'
Reset to 'REAL"
' ADJOINT'

keff in k-effective calculations,

read from data set FR.D1 or FA.D1
and modified during iterations

Inverse reactor time period a, from
data set SP.CICN

Convergence criterion eg for up-
scatter iterations in k-effective
calculations, from data set A.DIF1D

IMAX
(2) o pls1)
L it 121 .6 " S
max e
G GMAX IMAX S
z Z ¢(2'1)
1.8

G=1 &=1
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified Definition
ELT(5) PROBT RCDEP Calculation type, 'K CALC'
determined from SP.CICN 'SOURCE'
data
FLT(6) MJ RCDEP I kfixed tor source calculations,
where kfixed is read from data set
SPLCICEN
FLT(11) EPOFLX RCDEP Convergence criterion ef on sum of
absolute value of flux gifferences,
from data set A.DIF1D
I
G TR ) ye-D)
7=1 1=1 I1,G I,G
SN
GMAX IMAX )
AN
G=1 I=1 2
for k-effective calculation, or
IMAX
()= A (5
GMAX + Izl ¢I,G ¢I,G
max < eg
G ¥ GMAX IMAX
A
L NG
G=1 I=1
for source calculation
FLT(12) EPSLAM RCDEP Convergence criterion e, on difference

of flux bounds, from data set A.DIF1D
GW @) <.,
¢(n)
(n) _ max 148

where A = 1,6 I(ﬁ
I,G

¢(n)

a A(n) _ min 156
gue 2 i Tﬁ n-1

T,6
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/SINGLE/FLT (100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
FLT(13) EPSKEF RCDEP
FLT(14) AOQUTER RCDEP
FLT(15) FLXMON RCDEP
FLT(31) GEM RGEOM
FLT(32) XL RMESH
FLT(33) XR RMESH
FLT(71) POWIN RCDEP
FLT(72) FLXCVG RFLUX
ENDOUT
(entry in
INDOUT)
ENDOT1
(entry in
INDOT1)
ENDOT2
(entry in
INDOT2)

Definition

Convergence criterion ey on difference
in keff’ from data set A.DIF1D

il e

Interval shift factor a when applying
Chebyshev extrapolation, from data
set A.DIF1D

Flux monitoring ratio, used in com-
puting FLXNGL (FLT(73)), from data
set A.DIF1D

Geometry type ' CYISLAB!
'RECTSLAB'
'CYLINDER'
' SPHERE'

Left reactor boundary, X(1), from
data set GEOM

Right reactor boundary, X(IMAX+1),
from data set GEOM

Power normalization factor Pj for
BURNUP calculation, used in writing
data set FR.PN, from data set
A.DIF1D. No power normalization
performed if POWIN = 0.

Sum of fluxes used in checking for
convergence

GMAX IMAX &

Z Z 1 G for k-effective
ol s 3T calculation
GMAX TIMAX

) ) ¢(2_1)for k-effective

=1 I=1 ik calculation up-
scatter iterations
GMAX  IMAX (o 1
b ¢1 g for source calcula-

=1 I=1 tion
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Local
Name Name

Subprograms
where values
are set
or modified

FLT(73)  FLXNGL

INT(1) MKRTHY

INT(2)  KINOPT

INT(3) IMAX

INT(4)  MAXSIZ

RFLUX
ENDOUT
(entry in
INDOUT)
ENDOT1
(entry in
INDOUT1)
ENDOT2
(entry in
INDOT2)

RCDEP

RCDEP

RCDEP

RCDEP

Definition

Factor below which fluxes are neg-
lected in computation of flux
bounds (™) and A(n

GMAX IMAX

(n-1),2
¢
121 121 e

GMAX*IMAX

FLXNGL=FLXMON*

Problem type, from data O ==neal
set SP.CE(N - problem
1 - adjoint
problem
2 - both
real and
adjoint
problems

0 - no
kinetics

1" — souree
due to
delayed
neutrons

2 - delayed
data for
alpha cal-
culations

Kinetics option, from
data set A.DIF1D

Maximum number of upscatter iterations,

from data set A.DIF1D

Maximum size of POINTR container

array in core, from data set. A.DIF1D
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set £ |
Name Name or modified Definition
INT(5) IPRINT RCDEP POINTR debugging flag,
from data set A.DIF1D
INT(7) KOUT RCDEP Diffusion output flag,
from data set A.DIF1D
INT(9) FSOPT RCDEP Fission source flag,

from data set A.DIF1D

o

o

no print
out
standard
print out
debugging
dump print
out

full print
out

problem des-
cription and
iteration
history print
out

above plus
geometry and
composition
input data
print out
above plus
standard
balance out-
put

above plus
power calcu-
lations

no fission
source by
intervals
output
fission
source by
intervals
printed and
written on
FSR.D1 or
FSA.D1
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Name

Local
Name

Subprograms
where values
are set
or modified

INT(10)

INT(11)

INT(12)

INT(13)

INT(14)

INT(15)

INT(16)

XTROUT

NSTART

NTEST

NEXT

NUNEXT

RCDEP

RCDEP

RCDEP

RCDEP

RCDEP

RCDEP

OUTERS
(entry in
INDOUT)
SOUTER
ENDOT1
(entry in
INDOT1)
ENDOT2
(entry in
INDOTZ2)

Definition
Extrapolation type, 0f = no extrap-
from data set A.DIF1D olation
1 - Chebyshev
extrapolation

2 - successive
over-relax-
ation (for
source cal-
culation
only)

Maximum number of outer iterations,
from data set A.DIF1D

Number of unextrapolated iterations to
be done before beginning to extrapolate,
from data set A.DIF1D

Number of outer iterations to be done
in extrapolation sequence before test-
ing for payoff, from data set A.DIF1D

Maximun number of extrapolated iterations
to be done in an extrapolation sequence
(not applicable to SOR), from data set
A.DIF1D

Number of unextrapolated iterations to
be done following one extrapolation
sequence before beginning another, from
data set A.DIF1D

Extrapolation iteration counter (degree
of Chebyshev polynomial)
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
INT(17)  SCHOPT RCDEP
INT(19) MAXBLK RCDEP
INT(31) RMAX RGEOM
INT(32) IMAX RGEOM
INT(34) BCMAX RBNDC
NBCDEF
INT(35) MAX RGEOM
RCOMP
INT(36) FSCMAX RCOMP
INT(37) GMAX RCOMP
INT(38) GMAXUP RCOMP
INT(39) MIRMHI RCOMP

Definition

Search data set output 0 - XS.C.MIN
and B.HOMOG
or GEOM

written after

search
1 - XS;C-MIN
and B.HOMOG

or GEOM not
written after

search

Maximum size of POINTR container array
in bulk (LCS) storage, from data
set A.DIF1D

Number of regions defined in problem,
from data set GEOM

Number of mesh intervals defined in
problem, from data set GEOM

Number of boundary conditions and non-
continuity interface conditions defined
in problem, from data set BC

Number of compositions defined in
problem, read from data set GEOM and
then from data set XS.C.MIN

Number of fissionable compositions
defined in problem, from data set
XS.C.MIN

Number of energy groups defined in
problem, from data set XS.C.MIN

Number of lowest-numbered group from
which up scattering occurs in problem
(GMAXUP=GMAX if there is no
upscattering)

Fission spectrum 0 - x-vector

‘array type 1 - x-matrix
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Name

Local
Name

Subprograms
where values

are set
or modified

INT(40)

INT(41)

INT(44)

INT(49)

INT(50)

INT(51)

INT(52)

CHIDIM

SCTDIM

NFAM

NGEOM

NBLACK

RCOMP

RCOMP
DIMSCT

RCOMP

RGEOM

RCDEP

RCDEP
OUTERS
SWEEP
(entry in
ISWEEP)
SOUTER
SSWEEP
(entry in
ISSWEP)

RCDEP
OUTERS
SOUTER

Definition

First dimension of fission spectrum
array (HI, CHI(CHIDIM, GMAX)
CHIDIM=FSCMAX*GMAX**MTRCHI

First dimension of packed scattering
cross section array SCIXS,
SCTXS (SCTDIM, GMAX)

SCTDIM is the sum over compositions of
the maximum possible band width for
each composition

QUAX
SCIDIM = J  SCTLIM(1,C)+SCTLIM(2,C)+1
c=1

Number of families of delayed data,
from data set XS.C.MIN

Number of geometry 1~ cylindrical
type, read from data slab
set GEOM as three 2 - rectangular
values and modified slab
to four 3 - cylinder

4 - sphere

Number,of black composition group
intervals defined, from data set A.DIF1D
Position in flux array of nth generation
of flues; ¢£“; is in the FLX(I,G,NTH)

s

Also position of %th generation of fluxes
in an upscattering problem

Position in flux array of (n-1)th gen-
eration of fluxes; ¢i(n;) is in FLX

’
(I,G,NM1)
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
INT(53) NM2 RCDEP
OUTERS
SOUTER
INT(54) NDUM RCDEP
M SWEEP
(entry in
ISWEEP)
INT(57) ITER OUTERS
SOUTER
INT(58) NRST RCDEP
INT(59) NRSTI RCDEP
INT(88) NFIN RGEOM
INT(89) NIL RGEOM
INT(93) IPROB RCDEP
INT(94) KFLAG DIF1D

Definition

Position in flux array of (n-2)th
generation of fluxes; ¢_(n—2)

is in
1,8

FLX(I,G,NM2)

Position in flux array of (2-1)th gen-

eration of fluxes for upscattering

problem; ¢i(’“;) is in FLX(I,G,IM1)
s

Iteration number at which flux data
set FR.D1 or FA.D1 is written out

First iteration number at which FR.D1
or FA.D1 will be written out for re-
start option, from data set A.DIF1D

Increment in NRST at which succeeding
intervals FR.D1 or FA.D1 will be
written again for restart option, from
data set A.DIF1D

Number of finite geometry type, from
data set GEOM

Number of finite directions defined
per region, from data set GEOM

Problem type, from 1 -~“souxce
data set SP.CICN calculation
A= keff calcula-
tion
3 - concentration
search
4 - buckling
search

5 - alpha search
6 - dimension
search

Dummy search flag needed by RVEL,

set to'zero
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6. DIFID (NUC002) Dynamic Storage Array Allocation

This section describes all arrays which may be defined by this module in
common block /BLKSTR/BLK, using the facilities of the dynamic storage allocation
module POINTR (see Volume I). The arrays are listed in alphabetical order by
the name given them in the POINTR name table., For each array, the following
information is given:

Lo titype
2. dimension, in terms of module variables

3. names of subprograms where action is taken that affects the
status of the array in the container, followed in parentheses
by the action that is taken in the subprogram (Here, significant
POINTR calls are generally PUTPNT, which allocates space in the
container for the array; REDEF, which sets aside space if the
array is not present or redefines its space allocation if it
is; and WIPOUT, which removes the array from the name table,
thus making it inaccessible, The meaning of any other POINTR
calls listed can be found in the POINTR documentation.)

4. names of subprograms in which the value of elements of the

array are set or altered <

5. the definition of the array contents.,

If the meaning of a variable used as the dimension of an array is not
known, it can be found in the subprogram in which a call to PUTPNT or REDEF
is made for that array.



Array

BLKCMP

BLKGRP

BINC

Type Dimension

R*8 IMAX*GMAX

R*8 NBLACK

1*4 NBLACK*2

R*8 RMAX*GMAX

Subprograms
issuing

significant

POINTR calls

Subprograms
where values
are set
or modified

FDCGEN (REDEF)
D1DOUT (WIPOUT)

RCDEP (PUTPNT)
RCOMP (WIPOUT)

RCDEP (PUTPNT)
RCOMP (WIPOUT)

D1DOUT (PUTPNT)
WIPE (WIPOUT)

FDC1D

RBLACK

RBLACK
RGROUP

BALCAL

[

Definition

Finite difference coefficients aj o
across the interface ofce LT i
with cell i+l for group g

Names of compositions defined as
black compositions in data set
A.DIF1D, if any

Numbers of-initial and final energy
groups between which a composition
names in BLKQMP is defined as being
black in data set A.DIF1D. For a
composition BLKQMP(N) , BLKGRP(N,1)
is the initial energy group and
BLKGRP(N,2) is the final energy
group.

If BLKGRP(N,1)=0, the condition is
applied over all energy groups in
the composition. If BLKGRP (N,2)=0
and BLKGRP (N,1)#0, the condition
applies only to the energy group
indicated by BLKGRP(N,1).

Output balance sum by regions and
groups . BINC(R,G)=-LEAK(R,G)

“RMVL (R, G) +SCAT (R,G) +FISS (R,G) /KEFF
for a k-effective calculation.

BINC(R,G)=-LEAK(R,G) -RMVL(R,G) +SCAT
(R,G)+FISS (R,G) +EXTS (R,G) for a
source calculation.



Array

BLNCG

BLNCR

BNDC
JBNDC

Dimension

GMAX

RMAX

8*NBCDEF

Subprograms Subprograms
issuing where values
significant are set
POINTR calls or modified
D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RBNDC (PUTPNT) STORBC

Output balance sum by groups
RMAX
BINCG(G) = ) BINC(R,G)

Output balance sum by regions

BINCR(R) = ) BINC(R,G)

For each boundary condition NBC
(NBC=1,...,NBCDEF) defined, eight
terms as follows:
JBNDC(1,NBC) - mesh line number,
positive if the condition applies to
the right side of the line, negative
if it applies to the left
JBNDC(2,NBC) - boundary condition
type
[E=NCTh Cy¢ = C3
et C1D¢' 4 CZ¢ = CsD
where D is the diffusion
coefficient
3.= 9341 = Cro3 * Cpoi
9341 = C305 * Cady
JBNDCU3,NBC) - mumber of initial
(higher) energy group to which con-
dition applies
JBNDC(4,NBC) - number of final (lower)
energy group to which condition applies
BNDC(5,NBC) = Cp, BNDC(6,NBC) = Cp,
BNDC(7,NBC) = C3, BNDC(8,NBC) = C4

SLE



Subprograms Subprograms
issuing where values
Array significant are set

Name Type Dimension POINTR calls or modified
BSQ R*8 RMAX*2 RGEOM(PUTPNT) RMESH
(& R*8 IMAX*GMAX FDCGEN (REDEF) FDC1D

D1DOUT (WIPOUT)

I R*8 (HIDIM*GMAX RCOMP (PUTPNT) RGROUP
CMPMSH 1iE2 IMAX RGEOM(PUTPNT) RMESH
CMPNAM R*8 (MAX RGEOM(PUTPNT) RMESH
QMPREG 11,97 RMAX RGEOM(PUTPNT) RMESH

Definition

Buckling values from data set GEOM,
where BSQ(R,1) is B? in the traverse
direction and BSQ(R,2) is B? in the
axial direction for region R.

I1f B2 is not defined for a given
region R in a given direction N,
BSQ(R,N) = O.

Finite difference coefficients cj
across the interface of cell i wiﬂgl
cell i-1 for group g

Fission spectrum fractions,storgd
as vectors (x8) or matrices (x& &)
for each fissionable composition

Composition-to-mesh correspondence,
defined in data set GEOM. For any
mesh interval I, QMPMSH(I) is the
number of the composition defined
it L

Composition names, defined in data
set GEOM. (MPNAM(C) is the name of
the composition whose number is C.

Composition-to-region correspondence,
defined in data set GEOM. For any
region R, OMPREG(R) is the number of
the composition defined in R.
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Array

CRDUM

CURR

DCGHI

DECCON

1*4

R*8

R*8

R*8

R*8

Dimension

RMAX

(RMAX+1)

QMAX*GMAX

NFAM*GMAX

for kinetics RCOMP (WIPOUT)

option 2

for kinetics

option 1 or 0

NFAM

Subprograms Subprograms
issuing where values
significant are set
POINTR calls or modified

RGEOM(PUTPNT) RMESH

RGEOM (WIPOUT)

D1DOUT (PUTPNT) LKCAL

WIPE (WIPOUT)

RCOMP (PUTPNT) RGROUP

RCOMP (PUTPNT) RGROUP

RCOMP (PUTPNT) RDELAY

for kinetics RCOMP (WIPOUT)
option 1 or2 RDIST (REDEF)

0

for kinetics

option 0

Definition

Temporary storage for composition-
to-region correspondence array as
read from data set GEOM (stored in
1*2 array OMPREG)

Output currents at region interfaces
by group, in the direction of the
positive X-axis

Diffusion coefficients by composi-
tion and group. DC(C,G) = 0 for a
black composition and group. Dif-
fusion coefficients are formed from
the transport cross section read
into this array from XS.C.MIN.

Delayed,neutron-emitter-yie1d spec-
trum x8 L by family and group, from
data set XS.DELAY

Decay constants by family for delayed
neutrons, from data set XS.DELAY
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
DICHI R*8 NFAM*GMAX RCOMP (PUTPNT) RDELAY
for kinetics RCOMP (WIPOUT)
option 1 or 2
0
for kinetics
option 0
DNSCT 1*4 GMAX RCOMP (PUTPNT) RGROUP
RCOMP (WIPOUT)
DX R*8 IMAX RGEOM(PUTPNT) RMESH
E R*8 IMAX FDCGEN (REDEF) FDC1D
D1DOUT (WIPOUT)
EXTBC R*8 IMAX*GMAX FDCGEN (REDEF) FDC1D
for source
calculation

0

for k-effec-
tive calcu-
lation

Definition

Delayed neutron spectrum x% by
family and group, from data set
XS . DELAY

Number of groups of downscattering
given for each group in a given com-
position block in data set XS.C.MIN

Mesh interval lengths AX
DX(I) = X(I+1) - X(I)

Central finite difference coeffi-
cient for cell i, including removal,
D.B2 terms, and boundary condition
terms, if present

Source due to inhomogeneous inter-
face or boundary conditions for
each mesh interval and group
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Array
Name

EXTDIS

EXTS

EXTSG

Type  Dimension

R*8

R*8

R*8

Subprograms Subprograms
issuing where values

significant are set

POINTR calls or modified

RMAX*2

RMAX*GMAX
for source
calculation

0

for k-eff-
ective cal-
culation

GMAX

RGEOM(PUTPNT) RMESH

DIDOUT(PUTPNT)  EXTCAL
WIPE (WIPOUT)

D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)

Definition

Extrapolation distance [Hp-(Hp)y] by
region and direction, from data set
GEOM, where the extrapolated half-
height Hy is first read into the
array, and the actual half-height

is then subtracted from it.
EXTDIS(R,1) is the extrapolated
half-height in the transverse direc-
tion for region R, and EXTDIS(R,2)
the extrapolated half-height in the
axial direction.

If buckling is not defined for a
given region R in a given direction
N, EXTDIS(R,N) = 0.

External source by region and group
for output edit, including external
source due to inhomogeneous inter-
face conditions and to delayed data,
if present

External source by groups for out-
put edit

RMAX

}  EXTS(R,G)

R=1

EXTSG(G) = 0 for any G for a k-eff-
ective calculation

EXTSG(G)
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Array

EXTSR

FISAVG

FISDEN

FISS

FISSG

FISSOR

R*8

R*8

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant dreuset
Dimension POINTR calls or modified
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX*GMAX D1DOUT (PUTPNT) FISREG
WIPE (WIPOUT) (entry in
FISCAL)
IMAX*GMAX D1DOUT (PUTPNT) FISCAL
WIPE (WIPOUT)
RMAX*GMAX D1DOUT (PUTPNT) FISREG
WIPE (WIPOUT) (entry in
FISCAL)
GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
IMAX*GMAX D1DOUT (PUTPNT) FISCAL

Definition

External source by regions for out-
put edit

GMAX
EXTSR(R) = ) EXTS(R,G)
=1l

EXTSR(R) = 0 for any R for a k-
effective calculation

Region-averaged fission source =
tegrals by group, for output edit

Fission source density by mesh inter-
val and group, for output edit

Fission source integrals by region
and group, for output edit, includ-
ing l/kfixed term for source calcu-

lation

Fission source integrals by groups
RMAX

FISSG(G) = )
R=1

FISS(R,G)

Fission source integrals by mesh
interval and group, for data set
FSR.D1 or FSA.D1, printed and writ-
ten only if FSOPT (INT(9))#0
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
FISSR R*8 RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
FISSRC R*8 IMAX*GMAX KEFCAL (REDEF) RSORC
D1DOUT (WIPOUT)
FISXS R*8 FSCMAX* RCOMP (PUTPNT) RGROUP
GMAX
R*8 IMAX*GMAX RDIST (PUTPNT) RSORC

FIXSRC

for source  RDIST(REDEF)
calculation

0

for k-effect-
ive calcula-
tion

Definition
Fission source integrals by regions
GMAX

FISSR(R) = )} FISS(R,G)
G=1

Temporary array for use in weight-
ing external fixed source data,
which contains

GMAX -,
Z xSG GMAX
G'=1

for each fissionabie composition N
and group G for real problems with
a x-matrix, and
g

\S A 7
G'=1 £'N

for each fissionable composition N
for adjoint problems

Fission cross section og¢ by compo-
sition and group from XS.C.MIN.
Data is stored only for fissionable
compositions.

External fixed source by interval
and group from data sets ES.DID,
weighted using fission spectrum
weighting over groups, if desired
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Array

FLX

FLXVOL

FSCMP

R*8

R*8

107

Subprograms
issuing
significant

Dimension POINTR calls

Subprograms
where values
are set
or modified

IMAX*GMAX*4 RDIST(PUTPNT)
for problem

with up-

scattering

IMAX*GMAX*3

otherwise

RMAX*GMAX D1DOUT (PUTPNT)
WIPE (WIPOUT)

CMAX RCOMP (PUTPNT)

RFLUX

INVERT
ENDOUT (entry
in INDOUT)
ENDOT1 (entry
in INDOT1)
ENDOT2 (entry
in INDOT2)

NRMCAL
FLIP

FVCAL
NRMCAL

RGROUP

Definition

Three generations of fluxes, ¢i(n)g :

(n-1) .
i )
referenced by NTH(INT(51)),
NM1 (INT(52)) and NM2 (INT(53))
()Ee _?Slditional generation,
¢1lg , for upscatter iterations,

, and ¢£n-2), during iterations,

referenced by IM1(INT(54))

Fluxes (NTH generation only) for
output edits, normalized for k-ef-
fective calculation, not normalized
for source calculation, and
written on data set FR.D1 or FA.Dl

Regional flux integrals by group
for output edit, normalized for
k-effective calculations, not nor-
malized for source calculations

Indices corresponding to fissionable
compositions. For any composition
c, if FSQMP(C)=0, C is not a fis-
sionable composition; if FSQMP(C) is
some non-zero integer, it is the
index of that composition in arrays
dimensioned with FSQMAX.
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Array

LEAKG

MSHCMP

MSHREG

R*8

R*8

R*8

R*8

1%4

1*4

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
IMAX FDCGEN (REDEF) FDC1D
D1DOUT (WIPOUT)
RMAX*GMAX D1DOUT (PUTPNT LKCAL
WIPE (WIPOUT)
GMAX D1DOUT (PUTPNT SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT PUTPNT) SUMCAL
WIPE (WIPOUT)
IMAX RGEOM(PUTPNT) RMESH
RGEOM (WIPOUT)
IMAX RGEOM (PUTPNT) RMESH
RGEOM(WIPOUT)

Definition

Off-diagonal elements y, for a given
group, of upper matrix U which
results from splitting tri-diagonal
matrix A, whose elements are the
finite difference coefficients

Leakage by region and group for out-
put edits, including D-B? terms if
present

Leakage by groups
RMAX

LEAKG(G) = J LEAK(R,G)

Leakage by regions
GMAX
LEAKR(R) = ) LEAK(R,G)

Temporary storage for composition-

to-mesh correspondence as read from
data set GEOM (stored in I*2 array

QVPMSH)

Temporary storage for region-to-mesh
correspondence as read from data set
GEOM (stored in I*2 array REGMSH)
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
NUFIS R*8 FSCMAX*GMAX  RCOMP (PUTPNT) RGROUP
OMEGA R*8 IMAX KEFCAL (REDEF) INVERT
SRCCAL (PUTPNT)
D1DOUT (WIPOUT)
PRECON R*8 NFAM*TMAX RDIST (REDEF) RSORC
if kinetics D1DOUT (WIPOUT)
option =
0
if kinetics
option =
one 17
PWRAVG R*8 RMAX D1DOUT (PUTPNT) PWRCAL
if KOUT = WIPE (WIPOUT)
0
if KOUT <
PWRDEN R*8 IMAX D1DOUT (PUTPNT) PWRCAL
if KOUT = WIPE (WIPOUT)

0
if KOuT

Definition

Nu times fission cross section

veof by composition and group,

where v is the number of neutrons
released per fission for that group,
from data set XS.C.MIN.

Data stored only for fissionable
compositions.

The solution, Lw = F, of the down
sweep in the Choleski inversion of
the tri-diagonal matrix A = LU, used
in the up sweep Ux = w. This is the
method used to solve a system of
equations Ax = F.

Precursor concentrations gy by fam-
ily and group, from data set XS.DELAY

Average power by region for output
edits

Average power by interval for output
edits
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
PWRREG R*8 RMAX D1DOUT (PUTPNT) PWRCAL
if KOUT = 3 WIPE(WIPOUT)
0
if KOUT < 3
R R*8 IMAX*GMAX FDCGEN (REDEF) FDC1D
D1DOUT (WIPOUT)
RBOUND R*8 (RMAX+1)*2  D1DOUT (PUTPNT) LKCAL
WIPE (WIPOUT)
REGBRN R*8 RMAX*GMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WIPOUT)
REGFLX R*8 RMAX*GMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WLPOUT)

Definition

Power by region for output edits

The terms whose reciprocals are the
diagonal elements of the lower
triangular matrix L of the tri-di-
agonal matrix A = LU for the
Choleski inversion of A

Pairs of region names delineating
region interfaces for printing
currents in output edits. The
first name in each pair is that of
the region on the left of the inter-
face; the second name is that of
the region on the right.

Region-averaged power-normalized
flux integrals for burnup, computed
and written on data set FR.PN if in-
put power factor from A.DIF1D is
non-zero

Region-averaged flux integrals by
group, for output edit, normalized
for k-effective calculations, not
normalized for source calculations

S8¢



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
REGHHT R*8 RMAX*2 RGEOM(PUTPNT) RMESH
REGMSH 22 IMAX RGEOM(PUTPNT) RMESH
REGNAM R*8 RMAX RGEOM(PUTPNT) RMESH
REGVOL R*8 RMAX D1DOUT (PUTPNT) FVCAL
WIPE (WIPOUT)

REM R*8 CMAX*GMAX RCOMP (PUTPNT) RGROUP

Definition

Actual region half-height (Hj)
from data set GEOM, where RE&HﬁT (R,1)
is the half-height in the

transverse direction and REGHHT(R,2)
the half-height in the axial dir-
ection for region R.

If a region half-height is not de-
fined for a given region R and di-
rection N, or if BSQ(R,N) = 0.,
REGHHT (R,N) = .5.

Region-to-mesh correspondence,
defined in data set GEOM. For any
mesh interval I, REGMSH(I) is the
number of the region to which I
belongs .

Region names, defined in data set
GEOM. REGNAM(R) is the name of the
region whose number is R.

Physical region volume for BZ # 0,
or volume/unit height for B? = 0
(from PHYVOL function)

Removal cross section op by compo-
sition and group, from data set
XS.C.MIN
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Array

RMVLG

RMVLR

SCAT

SCATG

SCATR

SCTDUM

R*8

R*8

R*8

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
RMAX*GMAX D1DOUT (PUTPNT) REMCAL
WIPE (WIPOUT)
GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX*GMAX D1DOUT (PUTPNT) SCTCAL
WIPE (WIPOUT)
GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
CMAX*GMAX*  RCOMP (PUTPNT) RGROUP
GMAX RCOMP (WIPOUT)

Definition
Removal contribution to balance by
region and group for output edit,
including o/v terms
Removal by groups

RMAX

RMVLG(G) = ) RMVL(R,G)
R=1

Removal by regions
GMAX

RWLR(R) = J} RMVL(R,G)
G=1

Scattering source contribution to
balance by region and group for
output edit

Scattering source by groups
RMAX

SCATG(G) = |}

SCAT(R,G)

Scattering source by regions
GMAX

SCATR(R) = }
G=1

SCAT(R,G)

Array used to read in full scatter-
ing cross section from XS.C.MIN be-
fore packing into SCTXS
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Array

SCTLIM

SCTLOC

SCTXS

SETCHI

TOTSRC

I*2

JB2

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
2*CMAX RCOMP (PUTPNT) RGROUP
CMAX*GMAX RCOMP (PUTPNT) DIMSCT
SCTDIM* RCOMP (PUTPNT) RGROUP
GMAX PCKSCT
ISCHI* RCOMP (PUTPNT) GETCHI
GMAX RCOMP (WIPOUT)
IMAX KEFCAL (REDEF) TSRC
SRCCAL (PUTPNT) (entry in
D1DOUT (WIPOUT) ITSRC)
SOURCE
(entry in

ISOURC)

Definition

Scattering array band widths for
each composition C. SCTLIM(1,C) is
the maximum width of the downscat-
tering band for C, and SCTLIM(2,C)
is the maximum width of the upscat-
tering band for C. SCTLIM(1,C) +
SCTLIM(2,C) + 1 is the maximum band
width.

Location of specified scattering
band in SCTXS. For a given compo-
sition C and group G, SETLAC(E;6)
gives the location of the band of
elements c% g,

1
Scattering cross section c(g: € by
composition, band width, and group,
packed from SCTDUM

1
Set-wide fission spectrum & 8 if

one is defined in data set XS.C.MIN.

Values are transferred into the CHI
array for compositions using the
set-wide x8 &

Total source by mesh interval for
one group, including fission source
and scattering source and fixed ex-
ternal source and source due to in-
homogeneous interface conditions if
present, during iterations
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
UPSCT I*4 GMAX RCOMP (PUTPNT) RGROUP
RCOMP (WIPOUT)
VEL R*8 GMAX RCOMP (PUTPNT) RVEL
WFLAG 1*4 IMAX RDIST (PUTPNT) RSORC
RDIST (WIPOUT)
X R*8 IMAX+1 RGEOM(PUTPNT) RMESH
XBAR R*8 IMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WIPOUT)

Definition

Number of groups of upscattering
given for each group in a given
composition block in XS.C.MIN

Neutron speeds vg for kinetics op-
tion 2, read from data set XS.ISO02
or XS5.IS0. VEL(G) = 1; for all
groups if data is not needed or not
present.

Flags from first record of ES.D1D
determining whether fission-spectrum
weighting of external fixed source
over groups is to be done. For any
interval I, if WFLAG(I) = 0, external
source is used as written in ES.D1D;
if WFLAG(I) = 1, the external source
in that interval is distributed over
all groups.

Mesh line locations, from data set
GEOM

Mesh interval centers for output
prints
XBAR(T) = X(I) + .5*DX(I)
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7. DIF1D (NUC002) Data Set Usage

This section contains descriptions of all data sets used by this module,
For each data set used, the following information is given:

1. the name of the data set, if it is an ARC System data set, or
a description of its contents and function if it is a scratch
data set used only within the module;

2. the record structure of the data set, if it is a scratch data set;

3. names of subprograms in which the data set is read and/or written,
along with a list of the record types which are read and/or written
and the name of the variable containing the data set reference
number .

A complete description of the record structure and contents of each
ARC System data set can be found in Volume I of this series.



Name or description of data set - A.DIF1D, One-dimensional Diffusion Theory
Module-dependent BCD Input

Record structure - ARC System data set

Read in Reference
subprograms Card types variable
RCDEP One of Problem Title (first type N

01), one of Problem Options (second
type 01), one of Upscatter Iteration
and Normalization Control (type 02),
one of Iteration and Array Control
(type 03), one of Convergence Criteria
(type 04)

RBLACK As many of Black Region Control (type N
07) as are present

Written in subprograms - None

Name or description of data set - BC, Boundary Condition Specifications

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RBNDC One of Specifications (type 1) and NTAPE

all of Boundary Conditions (type 2)
for vertical boundaries

Written in subprograms - None

Name or description of data set - ES.D1D, One-dimensional Distributed
External Source

Record structure - ARC System data set

Read in

Reference
subprograms Record types variable
RSORC One of Specifications (type 1) and NTAPE

one of One-dimensional Distributed
External Source (type 2)

Written in subprograms - None
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Name or description of data set - FA.Dl, One-dimensional Adjoint Group Fluxes

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RFLUX One of Specifications (type 1) and NTAPE

one of One-dimensional Adjoint Flux

(type 2)
FLXIN Same as above N1
Written in Reference
subprograms Record types variable
OUTERS One of Specifications (type 1) and one N1

of One-dimensional Adjoint Flux (type 2)
SOUTER One of Specifications (type 1) N1
WFLX One of One-dimensional Adjoint Flux N1

(type 2)
NRMCAL One of Specifications (type 1) and one NFAD1

of One-dimensional Adjoint Flux (type 2)

Name or description of data set - FR.D1, One-dimensional Real Group Fluxes

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RFLUX One of Specifications (type 1) and NTAPE

one of One-dimensional Real Flux (type 2)
Written in Reference
subprograms Record types variable
OUTERS One of Specifications (type 1) and N1
one of One-dimensional Real Flux (type 2)
SOUTER One of Specifications (type 1) N1
WFLX One of One-dimensional Real Flux (type N1
2)
NRMCAL One of Specifications (type 1) and one NFRD1

of One-dimensional Real Flux (type 2)
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Name or description of data set - FR.PN, Power-normalized Real Regional
Group Fluxes

Record structure - ARC System data set

Read in subprograms - None

Written in Reference
subprograms Record types variable
NRMCAL One of Specifications (type 1) and NFRPN

one of Power-normalized Regional
Group Flux (type 2)

Name or description of data set - FSA.D1, One-dimensional Adjoint Fission
Source

Record structure - ARC System data set

Read in subprograms - None

Written in Reference
subprograms Record types variable
NRMCAL One of Specifications (type 1) and NFSAD1

one of One-dimensional Adjoint Fission
Source (type 2)

Name or description of data set - FSR.D1, One-dimensional Real Fission Source
Record structure - ARC System data set

Read in subprograms - None

Written in Reference
subprograms Record types variable
NRMCAL One of Specifications (type 1) and NFSRD1

one of One-dimensional Real Fission
Source (type 2)




Name or description of data set - GEOM, Geometry Data

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RGEOM One of Specifications (type 1) NTAPE
RMESH One of Boundaries (type 2), one of NTAPE

Region-Interval Correspondence (type
3), one of Composition-Interval Cor-
respondence (type 4), one of Compo-
sition-Region Correspondence (type

5), one of Area Definitions (type 6)
skipped if present, one of Zone
Definitions (type 7) skipped if pre-
sent, one of Finite Geometry Data
(type 8) if present, and one of Labels
(type 9)

Written in subprograms - None

Name or description of data set - SP.CICN, Module-independent Data

Record structure - ARC System data set

Read in Reference
subprograms Record types 5 variable
RCDEP One of Specifications (type 1) NS

Written in subprograms - None

Name or description of data set - XS.C.MIN, Macroscopic Composition Cross

Sections

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RCOMP One of Specifications (type 1 of File NTAPE

1)
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Read in Reference
subprograms Record types variable
GETCHI One of Set Chi (type 2 of File 2) NTAPE

if present
RGROUP One composition block, consisting of NTAPE

one record of Composition Specifica-
tions (type 3 of File 2) and GMAX
records of Composition Macroscopic
Group Cross Sections (type 4 of File 2)

Name or description of data set - XS.ISO2, Problem-dependent Microscopic
Group Cross Sections, or XS.ISO, Micro-
scopic Group Cross Sections

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RVEL One of File Size (type 1 of File 1), NTAPE

one of Isotope Names (type 2 of File
1) skipped, and one of Group Struc-
ture (type 3 of File 1)

Written in subprograms - None
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8. DIF1D (NUC002) Error Messages

This section lists the error messages generated by module DIF1D in
alphabetical order by subprogram or entry name. For each error message, the
significance of the message is given, along with the action taken by the
subprogram,

In addition to the errors listed, execution of the module can be
terminated for an error in POINTR dynamic storage array allocation. The
names of the subprograms in which such an error is tested for, and from which
an error return can occur, are

DIMSCT
FDC1D
ISSUBS
ISUBS
PCKSCT
PCOMP
RBNDC
RDELAY
REORDR
RFLUX
RGROUP
RMESH
RSORC
RVEL

No message except the one that execution has been terminated will appear for
an error in dynamic storage array allocation.
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CELCAL
Message: ##%%%GENERAL INTERNAL INTERFACE CONDITIONS SPECIFIED FOR
I=1iii, G=iiii
ERROR NUMBER{/%) IN SUBROUTINE CELCAL
50

Significance: An interface condition (ITYPER or ITYPEL) not equal to 05
1, or 2 was returned to CELCAL from VERBND (entry in
GETBND). This is assumed to indicate that an interface
condition of 3, indicating general internal interface
conditions, was specified in data set BC, and hence by
implication that the internal interface condition type
2 was specified in A.NIP (card type 10, cols. 19-24),
for this I and G. An error number 1 indicates that the
error was encountered on the right of cell i,g; an error
number 2, that it was encountered on the left.

Action taken: The IERR flag is set to 1 and control is returned to the
calling program. No calculations are performed.

DIF1D

Message: **%**EXECUTION OF MODULE NUC002 HAS BEEN TERMINATED

Significance: An error has been encountered in the execution of the module
which has made successful execution of the module impossible.

Action taken: The error flag IERR is set to 1 and control is returned to
the main program for NUC002.
ENDOT1 (entry in INDOT1)

Message: ****%*QUTER ITERATIONS HAVE DIVERGED TWELVE TIMES IN
SUCCESSION

ERROR NUMBER 1 IN SUBROUTINE ENDOT1

Significance: Following Chebyshev extrapolation, the iterations have di-
verged on twelve successive passes.

Action taken: IRETRN is set to -1, and execution is terminated.

ENDOUT (entry in INDOUT)

Message: *****FLUX=-x.x0000xxBExx FOR I=iiii G=iiii
ABSOLUTE VALUE OF FLUX WILL BE USED

ERROR NUMBER 1 IN SUBROUTINE ENDOUT



Significance:

Action taken:

Message:

Significance:

Action taken:

FLXIN

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

OUTERS

Message :

Significance:

Action taken:
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The flux for the specified mesh interval and group has gone
negative following Chebyshev acceleration. It is assumed
that the flux is very close to zero for this to have occurred.
Flux for this mesh interval and group is set to the absolute
value of the flux.

*%**%QUTER ITERATIONS HAVE DIVERGED TWELVE TIMES IN SUCCESSION
ERROR NUMBER 2 IN SUBROUTINE ENDOUT

Following Chebyshev extrapolation, the iterations have di-
verged on twelve successive passes.

IRETRN is set to -1, and execution is terminated

ERROR NUMBER 1 IN SUBROUTINE FLXIN
The data set FA.D1 could not be found.
Execution is terminated.
*%%***ERROR IN READING FLUX GUESS#**#*#*
IMAX=1iii IMX1=iiii
CMAX=1iii GMX1=iiii
ERROR NUMBER 2 IN SUBROUTINE FLXIN
The member of energy groups (GMX1) and/or the number of mesh
intervals (IMX1) defined in the data set FA.D1 do not
correspond to the values (GMAX,IMAX) for the current problem.

Execution is terminated.

**%%%QUTER ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE OUTERS

The maximum number of outer iterations, NMAX, has been ex-
ceeded, and the problem has not converged.

Execution of the remainder of the program, consisting of the
output section, is performed as if the problem has converged.
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pCOoMP

Message : ***&XGEARCH CALCULATED A NECATIVE aaaaaaaa VALUE
COMPOSITION SEARCH TERMINATED

ERROR NUMBER 1 IN SUBROUTINE PCOMP
where aaaaaaaa is a cross-section type:

'DIF COEF', 'REMOVAL', 'FISSION', 'NU FISS', 'C(HI MIRX',
or 'SCATTER'

Significance: In adding the modifier composition to the original compo-
sition on a search pass, the search calculated a negative
value or values of some cross-section type or types (only
the most recently calculated type being indicated). This
messsage could not be encountered in module NUC00Z unless
the input flag to PCOMP were not set to zero before the

call to PCOMP.
Action taken: The concentration search is terminated, without output of
data sets.
PRTBC
Message: ***XXCALQULATION TYPE IS aaaaaaaa
BOUNDARY CONDITIONS INDICATE CALCULATION SHOULD BE

INHOMOGENEOUS
ERROR NUMBER 1 IN SUBROUTINE PRTBC
where aaaaaaaa is the calculation type in PROBT
Significance: One or more inhomogeneous boundary or interface conditions
have been defined, and the calculation type is not source.
Either the boundary conditions or the calculation type is

in error.

Action taken: Execution is terminated.

RBNDC
Message : ***%*DATA SET BC NOT FOUND
ERROR NUMBER 1 SUBROUTINE RBNDC

Significance: This data set would not be found by ARC System routine SNIFF.
This implies that it has not been written.

Action taken: Execution is terminated



Message:

Significance:

Action taken:

RCDEP

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:
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*****ESS THAN TWO BOUNDARY CONDITIONS DEFINED. NBCDEF=iii

ERROR NUMBER 2 IN SUBROUTINE RBNDC

Both external boundary conditions, at least, must be defined
and two boundary conditions are not defined in data set BC.

NBCDEF is the number of boundary conditions defined.

Execution is terminated.

****%DATA SET A.DIF1D NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RCDEP

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.
*%**XDATA SET SP.CICN NOT FOUND
ERROR NUMBER 2 IN SUBROUTINE RCDEP

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

#%*%*NO END-OF-FILE FOUND FOR FIRST FILE OF XS.C.MIN
»

ERROR NUMBER 2 IN SUBROUTINE RCOMP

The end of the first file of this data set was not found,
and the second file thus could not be read.

Execution is terminated.
**%**DATA SET XS.DELAY NOT FOUND
ERROR NUMBER 3 IN SUBROUTINE RCOMP

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.
#%*%*NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO
ERROR NUMBER 4 IN SUBROUTINE RCOMP
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Significance:

Action taken:

RDIST

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RELUX
Message :

or
Significance:

Action taken:

Message:

Significance:

Action taken:

The number of families NFAM defined in XS.C.MIN was zero, and
the kinetics option indicates that delayed data is desired for
an a-calculation.

Execution is terminated.

*****DATA SET XS.DELAY NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RDIST

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.

****%*NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO
ERROR NUMBER 2 IN SUBROUTINE RDIST

The number of families NFAM defined in XS.C.MIN was zero, and
the kinetics option indicated delayed neutron source data is

required.

Execution is terminated.

**%%XDATA SET FR.D1 NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RFLUX
**%%XDATA SET FA.D1 NOT FOUND
ERROR NUMBER 2 IN SUBROUTINE RFLUX

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.
*%***XFLUXES DIMENSIONED IMPROPERLY ON FR.D1 OR FA.D1

IMX1=iiii  GMX1=1iii
ERROR NUMBER 3 IN SUBROUTINE RFLUX
The number of mesh intervals (IMX1) and/or of groups (GMX1) de-
fined on this data set are not the same as the corresponding
numbers defined on data sets GEOM and XS.C.MIN.

Execution is terminated.



RGEOM

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RGROUP

Message:

Significance:

Action taken:

RSORC

Message:

Significance:

Action taken:
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*****DATA SET GEOM NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RGEOM

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*%%**GEOMETRY TYPE CANNOT BE IDENTIFIED. NGEOM=iiii

ERROR NUMBER 2 IN SUBROUTINE RGEOM

The geometry type number read from data set GEOM is not 1,
2, or 3. It may be a two-dimensional type (4, 5, 6, 7, or
8), or may be meaningless. The geometry type selected in
data set A.NIP (card type 3, cols. 13-18) should be checked.

Execution is terminated.

*%%%**TRANSPORT CROSS-SECTION IS ZERO DIFFUSION COEFFICIENT
ISHSET <T@ S0 SEE1s
FOR COMPOSITION aaaaaaaa, GROUP iii

A transport cross section of zero for this composition and
group was read from data set XS.C.MIN, and hence the dif-
1
g
3(orp)c e
lated. The diffusion coefficient is set to 1.0 x 10°~.

fusion coefficient, Dg = , could not be calcu-

Processing continues. If this composition is found to be de-
fined as black for this group the diffusion coefficient will
be set to zero, as it should be.

*%%*XEXTERNAL FIXED SOURCE DATA DIMENSIONED IMPROPERLY
ON ES.D1D

IMX1=iiii  GMX1=iiii
ERROR NUMBER 1 IN SUBROUTINE RSORC
The number of intervals IMX1 and/or the number of grouns

GMX1 defined on this data set do not agree with those de-
fined for the problem in data sets GEOM and XS.C.MIN.

Execution is terminated.
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Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RVEL

Message:

Significance:

Action taken:

SOUTER

Message:

Significance:

Action taken:

*%%%*NO END-OF-FILE FOUND FOR THE FIRST FILE OF XS.DELAY

ERROR NUMBER 2 IN SUBROUTINE RSORC

The end-of-file for the first file of XS.DELAY was not found
and the precursor constants could not be read for the ki-
netics option.

Execution is terminated.

**%%*FISSION SPECTRUM WEIGHTING USING A NON-FISSIONABLE
COMPOSITION

CAUSES THE EXTERNAL SOURCE DATA AFFECTED TO BE SET
TO ZERO

INTERVALS AFFECTED ARE
I = iiii
I = iiii

As indicated, fission-spectrum weighting has been specified

for the indicated intervals, each of which contains a non-
fissionable composition.

FIXSRC(I,G) is set to zero for G=1, ..., GMAX.

*****NUMBER OF GROUPS DEFINED IN XS.ISO OR XS.ISO2

DOES NOT AGREE WITH NUMBER DEFINED IN GEOM

DSRN=iii  GMAX=iii  NGROUP=iii
ERROR NUMBER 1 IN SUBROUTINE RVEL
As stated, the number of groups defined in the two data sets
do not agree. DSRN is the data set reference number asso-
ciated with XS.ISO or XS.IS02.

Execution is terminated.

#*#%*SOURCE ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE SOUTER

The maximum number of iterations, NMAX, has been exceeded,
and the problem has not converged.

Execution of the remainder of the program, consisting of

the output section, is performed as if the problem had con-
verged.
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SWEEP (entry in ISWEEP)
Message: *****JPSCATTERING ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE SWEEP

Significance: The maximum number of upscatter iterations IMAX has been
exceeded and the iterations have not converged.

Action taken: Execution is continued as though iterations had converged.
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9. DIF1D (NUC002) Timing Information

Times for some representative problem runs are given in the table below.
For each problem the calculation type, number of groups, number of regions,
number of compositions present and number used, type of fission spectrum x
present, number of mesh intervals, and time in minutes are given.



Calculation e
real ke £F
real ke £f
real ke £f
real ke £f
real ke £f
real ke £f
real ke £f (no printed output)
adjoint ke £f

both real and adjoint keff

real source
adjoint source
adjoint ke £f
real source

adjoint source

DIF1D (NUC002) Sample Problem Time

Number Number Number of Number of Number
of of Compositions Compositions Type of Mesh Time

Groups Regions Present Used (6hiye Intervals (min.)
6 4 4 3 vector 40 ods7
22 4 4 4 vector 40 .36
22 4 10 3 matrix 40 .43
22 4 4 3 matrix 40 .37
22 4 4 5 matrix 80 .60
22 4 4 3 matrix 120 .84
22 4 4 3 matrix 80 .47
22 4 4 3 matrix 80 <30
22 4 4 3 matrix 80 1.04
22 4 4 3 matrix 80 1.08
22 4 4 5) matrix 80 <93
27 4 4 4 vector 80 .61
2% 4 4 4 vector 80 .56
22 4 4 4 vector 80 i

L0g
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10, DIF1D (NUC002) Sample Output

The following pages represent output from a sample DIF1D run, For a
detailed explanation of the output, see section AsER

The module begins by printing a message that it has been entered. Page 1
consists of a list of module-dependent and module-independent options selected,
from data sets A.DIFID and SP.CICN. Pages 2 and 3 describe the reactor
structure, as defined in data set GEOM. Page 4 describes the boundary condi-

tions defined in data set BC.

Page 5 shows the macroscopic group cross section data defined in data set
XS.C.MIN for composition CP1l, Since this composition is fissionable and has a
x-matrix, the x-matrix is printed beginning on page 6. The scattering cross
section begins on page 7. (Note that more than one page of printed output
corresponds to each page number of these tables.) A similar set of tables is
displayed for each composition defined on XS.C.MIN. Following this data, the
amount of POINTR storage required for the input section appears, and then the

amount needed for the calculation section,

The iteration history for this problem begins on page 16 and is concluded
on page 17. It is followed by a print of the amount of storage needed for the
output section.

The output section begins on page 18 with a table of the real normalized
fluxes by interval and group. This table continues on pages 19, 20, and 21.
The real normalized regional flux integrals by region and group appear on
page 22.

Following this, but not shown here, are tables of the regional flux
averages by group; fission source density by interval and group; and fission
source integrals by interval and group, if desired.

If the output option is 3, average power by interval is printed as on
page 28, followed by power and average power by region as on page 29,

The contributions to the balance terms by region and group are then
printed beginning on page 30. The terms, printed are the leakage including
2
DB* term (shown); currents across region interfaces (shown); and removal plus
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o/V, scattering source, fission source, average fission source, external
source (if present), and total balance, all in a format like that shown for
the leakage. On page 37 the balance sums by region over groups appear, and
on page 38 the balance sums by group over regions.

For a 'BOTH' type problem, the iteration and output sections are then
repeated for the adjoint calculation, and finally a message is printed that
the module's execution is complete, along with the time for the problem.

Note that for this problem the amount of POINTR storage specified on the
next run can be 9035 R*8 words, the amount needed for the largest section,
rather than 30000 words.
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#xx  ENTERING MODULF DIFLD (NUCID2) **x

ONE-DIMENSIONAL DIFFUSICN THECRY SAMPLE QUTPUT

K=EFF CALCULATICN BOTH SOLUTICN

NO KINETICS CPTICN

OUTER ITERATICN CCNTROL DATA
MAXIMLM NUMBER CF CLTER ITERATIONS = 92
CHEBYCHEV EXTRAPCLATICN CN CUTER ITERATIONS
co 5 UNEX(KAPOLATED CUTER ITERATIONS BEFORE BEGINNING TO EXTRAPOLATE
0o 3 EXTRAPOLATEC ITERATIONS BEFORE TESTING FOR PAYODFF
DO A MAXIMUM OF 8 ITERATIONS IN AN EXTRAPOLATION SEQUENCE

DO AT LEAST 3 UNEXTRAPCLATED OUTER ITERATICNS
BEFORE BEGINNING ANCTHER EXTRAPOLATION SEQUENCE

INTERVAL SHIFT FACTCR FCR CHEBYCHEV EXTRAPOLATION = 0.0

OUTER ITERATICN CCNVERGENCE CRITERIA
CIFFERENCE IN SUCCESSIVE VALUES OF K-EFFECTIVE = 1.G020000-07
SUM OF ABSOLUTE VALUE OF FLUX DIFFERENCE/SUM OF FLUX = 1.000200D-07

CIFFERENCE IN UPPER AND LOUWER FLUX BOUNDS LAMBDA = 1.000000D-07

CORE STORAGE ALLOCATECL FCR POINTR COMMON ARRAY = 30000

BULK (LCS) STORAGE ALLOCATED FCR POINTR COMMCN ARRAY = 0

GEOMETRY DATA

GECMETRY TYPE FINITE RECTANGULAR SLAB

ME SH
MESH MESH MESH INTERVAL
INTERVAL INTERVAL INTERVAL VOLUME PER REGION COMPOSITION
BOUNDARY NUMBER LENGTH UNIT HEIGHT
0.0
1 2.500 2.500 REGL cP1
2.520
2 2.500 2.500 REGL ce1
5.900
3 2.500 2.500 REG1 P
7.500 B
& 2.500 » 1]
. 5 2,500 REGL ce1
5 5.000 5.000 REG2 cpP2

15.010



ONE-DIMENSIONAL DIFFUSIUN THEORY SAMPLE NUTPUT

MESH
INTERVAL
BCUNDARY

20,000
25.000
22.590
35.000
40.000
45.000
51,000
55.0C0
60.000
€2.590
65.000
67.500
77249720
72.500
75.730
77.500
87.C20
82.020
84.0 30
£6.000
88.700
90.0 20
G62.700
G4.,0N0
564010
G8.099
1€N.700
1€2.000
104.70C
106.030
1€8.0920

110.709

MESH
INTERVAL
NUMBER

19
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

32
23
34
25
36

37

MESH
INTERVAL
LENGTH
5,000
5.000
5.000
5,000
5.000
5.000
5.00T
5.000
5.00C
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.000
2.000
2.000
2.N90
2,900
2.000
2.000
2,090
2.000
2.000
2.000
2.000
2.000
2.000

2.000

ME SH
INTERV AL
VOLUME PER
UNIT HEIGHT
5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
2.500
2.500
2.500
2.500
2.500
2.590
2.500
2.500

o 2000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.0M
2.000
2.000

2.000

REGION COMPOSITION

REG2
REG2
REG2
REG2
REG2
REG2
REG2
REG2
REG2
REG3
REG3
REG3
REG3
REG3
REG3
REG3
REGX
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4
REG4

REG4

cpP2
crP2
cr2
cp2
ce2
cpP2
cp2
cpP2
cp2
cpr3
ces
(@)
cP3
ce3

cpP3

cP3
cpP4
cP4
cPa
cP4
cP4
cP4
cP4
cP4
cP4
CP4
cPa

CP4
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ONE-DIMENSICNAL DIFFUSICN THEORY SAMPLE CUTPUT

TRANSVERSE
XTRAPOLATION
DISTANCE
2.,000000D0 O1
2.000000D 01
2.000000D 01
2.000000D 01

2.000000D0 O1

TIONS

COEF2

TRANSVERSE ACTUAL
REGICN COMPOSITICON BUCKLING TRANSVERSE E
(B**2) HALF-HEIGHT
REG1 CPL 2.039174D-04 9.0000700 01
REG2 Cp2 2.035174D-04 9.200090D 01
REG3 CP3 2.0351740-04 9.000000D 01
REGX £R3 2.036174D-04 9.N00000D 01
REG4 CP4 2.039174D-04 9.009000D 01
BOUNDARY AND INTERFACE CONDI
MESH MESH
INTERVAL LINE BOUNDARY INITIAL FINAL COEF1
BOUNDARY NUMBER TYPE GROUP GROUP
0.0 1 1 1 22 1.000
110.000 -38 1 1 22 0.0
BOUNDARY AND INTERFACE CGNDITICN TYPES
TYPE DESCRIPTICN AND FCRMULA
g GENERAL BOUNCARY COEF1*@* + COEF2*@ = COEF3
2 GENERAL BOUNDARY COEF1*D*@* + COEF2*@ = COEF3*D,
3 GENERAL INTERFACE P(I+1) = COEFL1*P(I) + COEF2*P'(1)
@'(I+1) = COEF3*@(I) + COEF4*@'(1)

A POSITIVE MESH
A NEGATIVE MESH

REGION
VOLUME

1.800000D
9.000000D
3.150000D0
4.500000D

5.400000D

COEF3

200
)
o2

03

03

03

02

03

COEF4

oo
. .
oo

WHERE D IS THE DIFFUSION COEFFICIENT

LINE NUMBER INDICATES THAT THE CONDITION APPLIES ON THE RIGHT OF THE MESH LINE
LINE NUMBER INDICATES THAT THE CONDITION APPLIES ON THE LEFT OF THE MESH LINE

als



ONE-DIMENSTIONAL DIFFUSICN THEORY SAMPLE OUTPUT

MACROSCOPIC GROLP CROSS SECTICN DATA FOR COMPOSITIGN CP1

GROUP CIF COEF
1 3.N4696D 20
2 2.991730 20
3 2.918430 NO
4 2.72956C 00
5 2.634680 Y0
6 2.630250 20
7 2.394210 20
8 2.29946D 09
9 2.38075D €O

10 2.38482C 30
11 2.257380 0C
12 2.15%9660 )0
13 2.152370 00
14 2.21882C 120
15 2.1369€D 10
16 2.19726C 00
ey 2.295930 20
18 1.939150 N9
19 1.615100 20
20 1.366390 10
21 1.06054D0 20
22 8.09(86C-01

GRCUP

1

FISSICN SPECTRUM FRACTICNS FCR COMPOSITICN CP1

FRCM GROUP

1
6
1L
16
2L

il
6

11
16
23

"
6

11
16
21

REMOVAL
1.105230-01
1.69579D-51
1.060410-01
1.017130-)1
1.C01380-01
1.003970-01
1.05166D0-01
1.075710-01
9.62329D-02
S.38672D-02
9.65276D-02
9.521130-02
S.36226D-02
8.749260-02
9.15696D-02
8.115220-02
3.90259D-C2
2.29295D-02
1.925490-02
1.192530-02
1.30463D-J2
6.371340D-03

2.522350-03 2

«502350-03 T
2.50235D0-03 12
2.5172350-03 Lt
2.502350-03 22

4,676730-03 2
4.€67673D0-03 v
4.,67€73D0-03 12
4.67€73D-03 17
4.67673D0-03 22

7.549900-93 2
7.$49900-03 if
7.549900-03 12
T4549S0D-02 : Ll
7.546900-03 22

NU%FISSION
3.94997D-02
3.739400-02
3.486090-02
2.68601D-02
1.92755D-02
1.796800-02
1.727870-02
1.69064D-02
1.61712D-02
1.540250-02
1.53481D0-02
1.583110-02
1.52749D0-02
1.34074D-02
1.05654D-02
5.49606D-03
6.54662D-04
1.242770-04
7.85363D0-05
8.793600-05
1.119350-04
1.591580-04

»

2.532350-03
2.502350-03
2.502350-03
2.59235D-03
2.51235D-03

4.67673D-03
4,67673D-23
4.676730-13
4.67673D-03
4.67673D-03

7.949900-23
7.949900-03
7.949500-03
7.949900-23
7.94990D-03

FISSION
1.032810-02
1.023900-02
$.960300-03
7.980470-03
5.935980-03
5.71743D-03
5.664390-03
5.69430D0-03
5.58171D0-03
5.435310-03
5.525120-03
5.821990-03
5.688890-03
5.06588D0-03
4.043850-03
2.127370-03
2.58498D0-04
4.20387D-05
3.18972D-05
3.59455D-05
4.59532D-05
6.54485D-05

3 2.50235D-03
8 2.50235D-03
13 2.502350~-03
18 2.50235D-03
3 4.67673D-03
8 4.67673D-03
13 4.676730-03

13 4.67673D-03

3 7.949900-03
8 7.94990D0-03
13 7.949900-03
18 7.949900-03

14
19

14
19

14
19

2.50235D-22
2.50235D-03
2.502350-03
2.50235D-03

4.67673D-03
4.67673D-03
4.67673D-03
4.676730-03

7.94990D-03
7.949900-93
7.949900-923
7.949920D-03

10
15
22

2.50235D-03
2.50235D0-03
2.50235D-03
2.50235D-03

4.67673D-03
4.67673D-03
4.67673D-03
4.676730-03

7.949900-03
7.94990D-03
7.94990D-03
7.94990D-03

¢Ie



ONE-DIMENSIONAL DIFFULSICN THEORY SAMPLE OUTPUT

22

11
16
rét

11
16
el

11
16
21

1l
16
21

11
16
21

ol
16
21

11
16
21

1.24273D-02
1.24273D-02
1.24273D-02
1.24273D-02
1.242730-02

1.803920-02
1.803920-02
1.803920-02
1.80392D-02
1.80392D-02

2.452540-02
2.45254D-02
2.45254D-02
2.45254D-02
2.452540-02

3.14694D-02
3.146940-02
3.14€694D-02
3.146940-02
3.14694D-02

3.836720-02
3.836720-02
3.83672D-02
3.R36720-02
3.836720-02

4447114C-02
4.471140-02
4.471140-02
4.47114D-02
4.471140-02

3.854810-03
3.854810-03
3.654810-03
3.854810-03
3.85481D-03

12
L7
22

1.24273D-02
1.24273D-02
1.24273D0-02
1.24273D0-02
1.24273D-02

1.82392D-02
1.80332D-02
1.803920-02
1.803920-02
1.823920-02

2.45254D-02
2.45254D-02
2.45254D-02
2.45254D-02
2.45254D-02

3.14694D-02
3.14694D-02
3.14694D-02
3.14694D-02
3.14694D-02

3.83672D-02
3.83672D-02
3.83672D-02
3.836720-02
3.83672D0-02

4447114D-02
4.47114D0-02
4.471140-02
4.471140D-02
4a411140-02

3.854810-03
3.854810-03
3.854810-03
3.85481D-03
3.854810-03

13
18

13
18

13
18

13
18

18
18

13
18

13
18

1.242730-02
1.24273D-02
1.24273D-02
1.24273D-02

1.80392D-02
1.80392D-02
1.803920-02
1.80392D-02

2445254D-02
2.45254D-02
2.45254D-02
2.45254D-02

3.14694D-02
3.14694D0-02
3.14694D-02
3.14694D-02

3.836720-02
3.83672D-02
3.836720-02
3.836720-02

4.47114D-02
4.47114D-02
4.47114D-02
4.47114D-02

3.854810-03
3.854810-C3
3.854610-03
3.854810-03

14
149

14
19

14
19

14
19

14
19

14
19

14
19

1.24273D-92
1.24273D-02
1.24273D-02
1.24273D-02

1.80392D0-92
1.80392D-02
1.80392D0-02
1.80392D-02

2445254D-02
2445254D-02
2.45254D-0N2
2.45254D-02

3.14694D-02
3.14694D-02
3.14694D-02
3.14694D-02

3.83672D-922
3.836720-02
3.83672D-02
3.83672D-02

4.47114D-02
4.471140-02
4.47114D-02
4.47114D-92

3.85481D-03
3.854810-03

3.854810-03
3.85481D-03

10
15
20

10
15
20

10
1h)
20

10
i
20

10
15
29

10
15
20

10
15
20

1.242730-02
1.24273D-02
1.242730-02
1.24273D-02

1.80392D-02
1.80392D-02
1.80392D0-02
1.80392D-02

2.45254D-02
2.45254D-02
2.45254D-02
2.45254D-02

3.14694D-02
3.14694D-02
3.14694D-02
3.14694D-02

3.836720-02
3.83672D0-02
3.83672D-02
3.83672D-02

4.47114D-02
4.47114D-02
4.47114D-02
4.47114D-02

3.85481D-03
3.854810-03
3.85481D-03
3.85481D-03

vie



ONE-DIMENSIONAL CIFFUSICN THEORY SAMPLE OUTPUT

GROUP

11

12

12

14

TRANSFER CRGSS SECTICN FOR COMPGCSITINN CP1

FRCM GROUP

1

L

o O~ O

—

0.0

8,021790-03
3.05669D-04
3,71€74C-04
5.61980C-04
8.18658D-04
0.0

1.143277D-03
1.315570=02

1.52992D-03
1.61066D-03

1.56197D-93
1.93303D0-03

2.42204D-03
2.496290-03

2.895220-03
3,19253D0-03
N.0

3,373370-03
3.€4776D-03
2.46571D-02

3,£65269D-03
4,23114D0-03
3.5353D-03

9.51336D0-02
4.59185D-03
1.72407C-02

~N ~nN

~N

N~NN NN N -~ N ~ N

LNIENEN]

0.0
8.28545D-03
4436423004

5.565600-04

8.208080-04

1.15467D-03
0.0

1.548600-03
1.73847D0-02

1.98268D-03
1.97405D-93

2.42975D-03
2.31905D-03

2.860600-03
2.97889D-03

3.24990D-03
3.84808D-03
2.0

3.58173D-03
4436557D-03
2.36882D-02

3.85302D0-03
4.75593D-03
2.86644D-03

@ w

@ W

W W ® W W @ W

w oW

0.0
8.67139D-03

6.15641D-04

8.11758D-04

1.15724D-03

1.56876D-03
0,0

2.,02775D-03
1.75366D-02

2.59757D-03
1.17880D0-02

2.977260-03
1.41775D-03

3.4055%D-03
5.77080D-04

3,76484D-03
1.12793D-03
0.0

4.,03377D-03
3.25816D-03
2.65535D0-02

0 P o &

»OH

0.0

1.18150D0-92

9.01528D-24

1.14754D-03

1.576720-03

2.064560D-13
0.0

2.58709D-03
2.00848D-02

3.11441D0-03
7.17346D-93

3.61381D-03
5.105650-03

4.05321D-03
6.46930D-0N4

4.40465D-03
9.35228D-04
0.0

0.0

1.212190-02

1.25361D-03

1.55197D-03

2.04521D0-03

2.57798D-03

0.9

3.12217D-03

2.02693D-02

3.64621D-03
8.06344D0-03

4.117770-03
1.24757D-02

4,50705D-03
6.78344D-04

S



ONE-DIMENS IONAL

16

17

18

19

20

21

22

SIZE OF

SIZE-QF

SIZE-OF

SIZE OF

DIFFUSION THECRY SAMPLE QUTPUT

N~ N

w oW

8.895690-02
5.137040-C3
1.159J60-92

7.240380-02
2.468450L=-23
2.09681D0-032

4.512400-02
1.41435D-02
2.73068C-02

2.88454D-52
1.956751D0-72
2.52065D0-02

1.54276D-02
7.785700-03
1.269350-92

7.57540D-03
T.6N667C-03
€.799070-03

2.C1673D-03
1.636610-03
3.23853D-04

2.02756D-04
2.749920-05
2.773210-05

10
15
29

4.19¢950-03
4.09127D-03
3.748910-03

4.77007D-03
3.993380-03
3.296N01D0-03

1.903090-02
1.149910-22
1.197690-02

1.431600-02
1.151590=02
2445333D-922

8.71423D-03
7.50824D-13
6.01310D-03

9+ 212330=03
6.78027D-03
1.28010D0-23

1.35940D-93
1.915670-04
1.057090-24

3.86845D0-04
8.21271D-06
5.156370-05

PCINTR CORE CONTAINER ARRAY REQUIRED

POINTR BULK CCNTAINER ARRAY REQUIRED

POINTR CORE CONTAINER ARRAY REQUIRED

POINTR BULK CONTAINER ARRAY REQUIRED

FOR INPUT SECTION

FOR INPUT SECT ION

4.64740D-03
1.68156D-G3
2.385620D-02

4.95195D-03
1.80805D-23
2.959530-02

1.917270-02
8.38353D-03
3,433850-02

1.48164D-N2
8,27281D-03
2.02429D-02

1.20995D-02
7.164290-03
1.96195D-02

8.760820-03
3,19979D-03
1.756700-02

1.79988D-03
6.74356D-04
9.95382D-03

3.36939D-0N4
1.45096D-"4
9.918400-03

"

10
15

11
16

12
17

10
195
20

13
16
21

12
17
22

FOR CALCULATION SECTION

FOR CALCULATION SECTION

4.790180-93
1.426590-03
0.0

4.89809D-03
1.44943D-02
0.0

1.94553D-02
9.322570-03
0.0

1.72819D-02
1.23933D-02
0.2

1.07667D-02
1.23886D-02
0.9

9.01028D-03
7.286690-03
0.0

1.64871D-03
5.91587D0-%4
0.0

2.55891D-04
3.17029D-04
0.0

8109

9030

12
17

13
18

4,709299D-03
6.96587D-03

5.09925D-03
1.62311D0-02

1.79626D-02
2.658170-02

1.79762D-02
1.141190-062

9.555600-03
8.07071D0-03

6.36275D-03
5.55074D-03

1.41581D0-03
1.79874D-03

3.07514D-04
7.22624D-05

91¢



ONE-DIMENSICNAL DIFFUSICN THEQORY SAMPLE OQUTPUT

ITERATICUN

ITER NO

11
=3

12
=

13

14
(¢

FISTORY

KEFF
SIGMA

1.33124150 91
0.0

€.54067450-01
0.0

1.02665900 I
0.0

1.04379220 0O
0.0

1.0482023D 00
0.0

1.0494278D 20
0.0

1.C457878D 00
c.0

1.0458356D 00
5.2087992C-01

1.0499370C 09
5.2087992D0-01

1.0465554D (0
5.2087992D-11

1.0499€6040 N0
0.0

1.04956070 70
0.0

1.04556080 00
n.0

1.0459609D 20
5.4185%9650-11

REAL

DI REFF
ENPM1

1.2312415D0 11
0.0

-1.23583480 01
C.0

T7.25915750~-02
0.0

1.71331620-02
Ce0

4.41015190-03
0.0

1.22541500-03
.0

3.6000321D0-04
C.0
1.11&8188D-04
0.n

3.732767CD-05
1.0200008D 20

1.8403242D-05
3.7257977D-01

£.03463100-06
G.0

2.96093360-07
C.0

1.16720280-27
0.0

€.6306515D-08
C.0

CALCULATION

LAM UPPER
SIGMA BAR

2.35402830 01
1.1139682D 00

9.42829023D-02
1.2379544D 01

1.1710132D0 00
5.1796668D-03

1.0437901D 00
2.97708790-01

1.0129600D 00
3.6931997D-01

1.0149274D 00
443955322D0-01

1.00274790 00
4.9228134D-01

1.0016263D 00
5.2087992D0-01

1.0009200D0 0O
5.31407230-01

1.2023777D 00
3.7297977D-01

1.2000933D 00
2.27474350-01

1.0720211D 092
2.50505710-01

1.2000113D 00
5.4282923D-01

1.00000610 00
5.4185965D-01

LAM LOWER
LAM RATIO

7.6222890D-06
2.3540276D 01

2.5451929D-02
2.9238440D-03

7.2262637D-01
6.5145905D 00

8.8353589D0-01
3.5740170D-01

9.5766711D-01
3.4503214D-01

9,.,83771200-01
3.8261998D0-01

9.930959670-01
4.56050400-01

9.96786190-01
5.01657530-01

9.9840535D-01
5.1654580D0-01

9.69462360-01
3.6399414D-01

9.5988976D-01
2.2234854D-01

6.9996965D-01
2.53900580-01

9.9698336D-01
5.43221100-01

9.99990950-01
5.42534290-01

DIF LAM
ALPHA

2.3540276D 01
C.0

6.8828094D-02
0.0

4.4838685D-01
0.0

1.6025422D-01
0.0

5.5292858D-02
0.0

2.1156152D-02
0.0

9.64827160-03
0.0

4.8401281D-03
0.0

2.5146682D-03
1.35215530 00

9.1532447D-04
1.4415404D 00

2.0352106D-04
1.3983755D 00

5.1490947D-05
0.0

2.7970969D-05
0.0

1.5175210D-05
0.0

DIF FLUX
BETA

1.1139682D 00
0.0

1.3790418D 01
0.0

7.0464440D-02
0.0

2.N977883D0-02
0.0

7.74755110-03
0.0

3.40546100-03
0.0

1.6764449D-03
0.0

8.7322649D-04
0.0

4.6403887D-04
0.0

1.7307711D-94
6.6105655D-02

3.9379603D-05
3.4182661D-92

9.8625609D-06
0.0

5.35368630-926
0.0

2.90094660D-06
0.0

0.0

NGL FLUX

LIS



ONE-CIMENSIONAL DIFFUSICN THEORY SAMPLE QUTPUT

CCNVERGED KEFF =

15 1.0455€09D 3¢

5.41856650-11

1¢ 1.€499609D 20

2 5.4185965D-01

1.3249961CC IO
5.41859650-01

1.0499612D 00
5.41859650-C1

1.0499613C 0U

SIZE OF POINTR CORE CONTAINER ARRAY REQUIRED FOR QUTPUT SECTION =

SIZE OF POINTK BULK CCNTAINER ARRAY REQUIRED FOR OQUTPUT SECTION

2.7746677D-28
1.GCCacncn 09

2.8765577D-08
3,7042405D-01

1.3912246D-C8
7.33075080-22

2.8686946D0-09
1.40€4668D-02

5.4421823D-10

1.049%617°D 0OC

1.70000330 02
5.4174253D-01

1.72979012D 00
3.79424290-01

1.2200003D 00
1.9799156D-01

1.297900000 00
1.9185849D-01

1.0)09009D0 00

9.99995090-01
5.4212048D-01

$.9999818D-01
3.71644790-C1

9:9999965D=01
1.99259380-01

9<9999993D-01
1.9187867D-01

9.99999990-01

ITERATICN FISTORY REAL CALCULATION
ITER NO KEFF DIFSKEREE LAM UPPER LAM LOWER DIF LAM
P SIGMA ENPM1 SIGMA BAR LAM RATIO ALPHA

8.2267919D-06
1.3716101D 00

3.0574444D-06
1.4733398D0 00

6.0922447D-07
1.4244339D0 00

1.1689718D-07
1.4226152D 00

2.2347737D-08

8639

"
o

DIF FLUX
BETA

1.5715661D-06
0.0

5.8214596D-27
7.4168112D-02

1.1520760D-97
3.8512246D-02

2.2103556D-08
3.7186335D-12

4.2294162D-0N9

NGL FLUX

81¢



ONE-DIMENSIONAL DIFFUSION THEORY SAMPLE QUTPUT

MESH
INTERVAL
NUMBER

VDNV P N~

ME SH
INTERVAL
CENTER

1.250
3.750
6.250
8.750
12.500
17.500
22.500
27.500
32.500
37.520
42.520
47.50)
52.500
57.500
61.250
63.750
66.250
68.750
71.250
73.750
76.250
78.750
81.000
83.700
£5.200
87.000
89.000
91.000
93.000
$5.000
S7.000
99.000
101.200
103.000
105.009
107.002
109.000

REAL

GROUP
1

1.254392D-06
1.457273D-06
1.5203000-06
2.668051D-06

«£34250D-06
5.753162D-06
6.3750920-0C6
6.665805D-06
6.727164D-06
6.596746D-06
6.235702D-0¢
5.787468D-06
5.065201D-06
4.,007380D-G6
2.738775D-C6
2.152359D-06
1.7322270-06
1.4162520-0C6
1.172902D-06
9.€829610-07
7.805653D0-07
5.90463CD-07
4.G177420-07
2.862704D-07
2.039618D-07
1.453041D-C7
1.034955D0-C7
7.368795D-C8
5.242509D-08
3.724131D0-08
2.637594D-C8
1.856906D-C8
1.251541D-08
8.759389D-09
5.619287D-09
3.1303600-09
1.02046220-09

GROUP
2

2.584730D-06
2.999349D-06
3.905649D-06
5.472696D-06
9.273906D-06
1.177715D-05
1.306036D-05
1.3662900-05
1.379064D-05
1.3524050-05
1.2885460-05
1.186137D-05
1.037¢€42D-05
8.204651D-06
5.6133220-06
4.412677D-06
3.550434D0-06
2.907359D0-06
2.403230D-06
1.981382D-06
1.557477D-06
1.210 749D-06
8.305327D-07
5.965672D-07
4,2849520-07
3.076999D-07
2.208916D-07
1.584534D-07
1.136180D-07
8.130943D-08
5.759818D0-28
4.110736D-08
2.€E76892D-08
1.9617570-08
1.264018D-08
7.C63876D-09
2.270705D-09

GROUP
2

4.7578260-06
5.521018D-06
7.184848D-06
1.006015D0-05
1.702007D-05
2.1618280-05
2.398079D-05
2.509017D-05
2.532877D-05
2.4839800-05
2.366623D-05
2.178340D-05
1.905336D-05
1.506426D-05
1.031502D-05
8.109850D-06
6.524289D0-06
5.3403850-06
4.411489D0-06
3.633641D-06
2.925307D-06
2.211428D-06
1.512538D-06
1.085541D0-06
7.790465D-07
5.590277D-07
4.010594D-07
2.876062D-07
2.060743D-07
1.474142D-07
1.051149D-07
7.448163Dr08
5.211454D-08
3.553122D-08
2.289120D-08
1.279167D-08
4,111781D-09

NORMALIZEC FLUXES BY MESH INTERVAL AND GROUP

GROUP
4

T7.929763D-06
9.221223D-06
1.204666D-05
1.693865D-05
2.8819590-05
3.659818D-05
4.057218D-05
4,243165D-05
4.282646D-05
4.199735D-05
4,001586D-05
3.684007D-05
3.223570D-05
2..549171D-05
1.741512D-05
1.367924D-05
1.100083D-0%
9.004499D-06
7.438682D-06
6.125355D-06
4.,924529D-06
3.706205D-06
2.4495901D-06
1.762967D-06
1.245503D0-06
8.800554D-07
6.218720D-07
4.393799D-07
3.102938D-07
2.188721D0-07
1.539823D-07
1.077340D-07
7.4512100-08
5.028924D-08
3.213378D-08
1.785200D0-08
5.720991D-09

GROUP
5

1.240385D-05
1.443397D-05
1.887525D-05
2.656423D-05
4.520815D0-05
5.744985D-05
6.371617D-05
6.665159D-05
6.727860D-C5
6.597774D-05
6.286241D0-05
5.786619D0-05
5.061898D-05
4.,001025D-05
2.732180D-C5
2.144627D0-05
1.723493D-05
1.409798D-05
1.163995D-C5
9.581147D-06
7.702195D-06
5.800381D-06
3.919338D-06
2.777647D-06
1.968354D-06
1.394679D-06
9.879937D0-07
64996291D-07
4.950664D-C7
3.498117D0-07
2.464687D-07
1.726585D-07
1.195381D-07
8.074263D-08
5.162333D-08
2.869059D-08
9.196171D-09

GROUP
6

1.761363D-05
2.049667D-95
2.680086D-05
3.770670D-05
6.410168D0-05
5.149908D-05
9.042760D-05
9.461718D-05
9.551854D-05
9.367461D-25
8.924784D-05
B.214378D-05
7-183745D-05
5.676225D0-05
3.877285D-05
3.042874D-05
2.444398D-05
1.9985924D-05
1.649212D-95
1.356901D-05
1.090527D-05
8.214968D-06
5.580874D-06
3.985185D-06
2.8450950-N6
2.030615D-9%6
1.448776D-06
1.033086D-2%6
7.359883D-07
5.234583D-07
3.711293D-07
2.615187D-07
1.820339D-17
1.235336D-97
7.928279D-08
4.4181760D-08
1.418142D-08

6T¢



ONE-CIMFENSICNAL DIFFUSION THECGPY SAMPLE QUTPUT

MESH
INTERVAL
NUMBER

OO ~NPV P WN

WWWWWwWWwWNRRNR NN NN R - o s
NOVPLPLUNF OODINOCNPWULN-OODNCVHPWN O

MESH
INTERVAL
CENTER

1.250
3.759
€.259
8.752
12.509
17.500
22.500
27.500
32.50u
37500
42.50)
474500
£2.500
57.502
61.250
£3: 750
66425)
684752
71.259
13150
76.259
78.75)
81.000
83.009
85.700
87,700
89,209
$1.000
G3.000
$5.03)
S7.070
99,200
101.0CO
103.070
105.020
107.000
109.000

REAL

GRCUP
i

2.C88116D-05
2.460542D-05
3.284139D-05
4,7341850-C5
82 219431 D=05
1.053R160-04
1.17243¢€D-04
1.224965D-04
1.2357620-04
1.2116580-04
1.15455G0-C4
1.C62447D-04
S.309850-05
T+ 3473870-05
4.5359490-05
3.642746D-05
2.076524D-05
2.513924D-05
2.077¢C5D-C5
L. T125220=05
1.3797€6D-C5
1.0372400D-C5
€.889636D-C6
4.804150D-C6
3.352466D-N¢
2.341078D-C6
1.635794D-26
l.1424720-C6
T+593791D-07
5.5848840-07
3.8941170-07
2.772174D-C7
1.E55135D-07
1.2441110-027
7.506140D-08
4.378193D-C8
1.400462D-08

GROUP
8

2.€115310-05
3.0896960D-05
4.149587D-05
6.022112D-05
1.066€56D-N4
1.358922D-04
1.504669D0-04
1.571€67N-04
1.585536D-04
1.554554D-04
1.481438D-04
1.3€64489D-04
1.194380D0-04
9.420255D-95
6.,30103)D0-05
4.8546710D-05
3.911556D=05
3.192823D-05
2.639128D-05
2.177344D-05
1.7542250-925
1.3196260-25
8.755254D-06
6.090594D-06
4.238155D-06
2.5499380-06
2.0537290-06
1.429912D-06
5.553683D0-07
6,923055D~-07
4.804574D-N7
3.218898D-07
2.268444D-07
1.5151380-07
9.599432N-08
5.300747D-08
1.693347D-08

GROUP
9

3.7999860D-05
4.4378830-05
5.8330610-05
8.246723D-05
1.407300D-04
1.793232D-04
1.991556D-04
2.084584D-04
2.104697D-04
2.064096D-04
1.966413D-04
1.809472D-04
1.5814€50-04
1.247697D-04
8.5016300-05
6.656188D-05
5.335395D-05
4.354666D-05
3.589744D-05
2.952865D-05
2.375851D-05
1.796916D-05
1.232624D-05
8.8578080-06
6.357366D-06
4.557273D-06
3.262927D-06
2.3331230-06
1.665588D-06
1.186334D-06
8.418714D-07
5.935054D-07
4.131650D-C7
2.803508D-07
1.798826D-07
1.0021810-07
3.2163060-08

NORMALIZED FLUXES BY MESH INTERVAL AND GROUP

GROUP
10

5.639687D-05
6.496456D-05
8.346148D-05
1.148096D-04
1.8836920-04
2.398843D-04
2.672797D0-04
2.804075D-04
2.834441D-04
2.780705D-24
2.648182D-04
2.434184D-04
2.1239390-04
1.0676681D-04
1.164505D-04
9.193409D-05
7.3961690-05
6.038414D-05
4.969637D-25
4.080543D-05
3.2858950-N5
2.511044D-05
1.791068D-05
1.332333D0-05
9.882722D-06
7.311105D0-06
5.394751D-06
3.97C0261D-06
2.913386D-06
2.130048D-06
1.549225D-06
1.117358D-026
7.939991D0-07
5.484130D0-07
3.5693200-07
2.008628D-07
6.479880D-08

GROUP
1l

6.114804D-05
7.052874D-05
9.285685D-C5
1.2553060-C4
2.078125D-04
2.645378D-C4
2.945082D-04
3.088426D-04
3.121357D-04
3.062092D-04
2.916364D-04
2.681265D-04
2.340490D-04
1.847779D0-04
1.277334D-04
1.00706N0-04
8.101309D-05
6.619336D-05
5.455536D-C5
4.488780D-05
3.625241D-C5
2.782342D-05
1.990002D-05
1.4827440D-05
1.103154D-05
B8.194749D-06
6.077282D-06
4.498323D-06
3.321635D-06
2.444635D-C6
1.790075D-06
1.299700D-C6
9.2941610-07
6.455789D0-07
4.2212900-07
2.383435D-07
7.702384D-C8

GROUP
12

T7.5205120-05
8.634583D-05
1.103675D-04
1.5101770-04
2.465963D-)4
3.139106D-4
3.498798D-04
3.671989D0-24
3.7126180-04
3.642546D-24
3.468782D-04
3.187956D0-04
2.781120D-04
2.195812D-04
1.5280980-%4
1.208523D-04
9.735884D-05
7.957009D-05
6.555697D-25
5.3922000-05
4.358079D0-925
3.3591970-05
2.430632D-25
1.825724D-5
1.368766D-95
1.024245D-95
7.649384D-26
5.700363D-26
4.236704D-06
3.137593D-06
2.311116D-06
1.6872830-06
1.212619D0-9%6
8.459428D-07
5.550664D-07
3.1416920-17
1.0165630-27

0zZ¢



ONE-DIMENSICNAL DIFFUSION THEURY SAMPLE GUTPUT

MESH
INTERVAL
NUMBER

N = b b bt bt e
DOVONOCONPWNFOOVONTDHWN-

NN
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WNRN NN
OV~

www
W N -

wWwww
~Nowm P

REAL

MESH
INTERVAL GROUP
CENTER 13
1.250 8.8905462D-05
3.750 1.0047620-04
6.250 1.271CE50-04
8.750 1.7174€0D-C4
12.509 2.756291D-04
17.500 3.506294D-24
22.500 2.913053D0-04
27.500 4.1107930-04
32.500 4.15845ED-04
37.500 4.0806310-04
42.500 3.885403D0-04
47.5%70 3.5692260-04
52.500 3.1117400-04
57.5C0 2.458042D-04
61.250 1.725205D-04
€3.750 1.370110D-04
66.250 1.176212D-04
68.750 9.C48270D-05
71.250 7.4553€1D-05
73.7590 6.133719D-05
76.250 4.567168D-05
784750 3.656694D-05
81.0C3 2.849390D-05
83.000 2.178454D-05
85.000 1.660162D-05
87.0C0 1.261321D-05
89.G0M) $.554174D-06
91.000 T.214342D-06
93.0C0 5.428200D-06
95.000 4.0660390-06
$7.000 2.N26541D-06
95.000 2.2306590-06
101.090 1.616612D-C6
103.000 1.135790D-Cé
105.000 7.494238D-07
107.000 4.258228D-C7
1(9.000 1.380584D-C7

GROUP
14

1.191381D-04
1.3421590-04
1.661099D-04
2.184159D-04
3.361110D0-04
4.267648D-04
4.779039D0-04
5.0335650-04
5.0999220D-04
5.0057610-04
4.764471D0-04
44371536D-04
3.8C4760D-04
3.009008D-04
2.155£22D-04
1.7272180-04
1.400785D-04
1.147258D-04
9.448787D0-05
7.7713400-05
6.311453D-05
4.563685D-05
3.818544D-05
3.028533D-05
2.387223D-05
1.871432D-05
1.459570D-05
1.132607D-05
8.7419060-06
6.725266D-06
5.101272D0-06
3.8350290-06
2.828348D-06
2.0167110-06
1.346254D-06
7.711349D-07
2.510488D-07

GROUP
15

1.247401D-04
1.402564D-04
1.730724D-04
2.2689390D-04
3.4812210-04
44419149004
4.9505400-04
5.216538D-04
5.285867D-04
5.189739D0-04
4.939294D-04
4.531028D-04
3.942541D-04
3.117992D-04
2.235641D-04
1.792840D-04
1.4551310-04
1.192766D-04
9.835665D-05
8.10848ND-05
6.6178550-05
5.261750D0-05
4.,131548D-05
3.331480D-05
2.6687020-05
2.124964D-05
1.682432D-05
1.324581D-05
1.036620D-05
8.056262D-06
6.2048377D-06
4.717540D0-06
3.514251D-06
2.5272010D0-06
1.698405D-06
9.773896D-07
3.189578D-07

NCRMALIZEC FLUXES BY MESH INTERVAL AND GRQUP

GROUP
16

1.7055170-04
1.890704D-04
2.276504D-04
2 .893529D-04
4.236460D-04
5.3513470-04
6.009504D-04
6347969004
6.441713D-04
6.327773D-04
6.020462D-04
5.517046D-04
44795164D-04
3.803897D-04
2.792894D-04
2.266085D0-04
1.852043D-04
1.523143D0-04
1.257100D-04
1.036181D0-04
8.463122D-05
6.762974D-05
5.387611D-05
4 .4026960-05
3.575712D-05
2.887361D-05
2.318526D-05
1.851181D-05
1.468877D-05
1.156943D0-05
9.024961D-06
6.943341D-06
5.227588D-06
3.793621D-06
2.567928D-06
1.485194D-06
4.8591960-07

GROUP
17

1.340348D-03
1.429766D-03
1.6113460-03
1.889959D0-03
2.469243D-03
3.021718D-03
3.381390D-C3
3.5808300-03
3.6436020-03
3.584265D-C3
3.410347D0-03
3.123739D0-03
2.721215D-03
2.195274D-03
1.705223D-03
1.431712D-03
1.2016910-03
1.008048D-03
8.440229D-04
7.035355D-04
5.8130520-04
4,728880D-N4
3.882224D-04
3.267078D-C4
2.738030D-C4
2.284975D-04
1.898280D-C4
1.568954D-04
1.288735D-04
1.050116D-04
8.463171D-0C5
6.712441D-05
5.1941200-05
3.858638D-C5
2.660797D0-05
1.558820D-05
5.133795D-06

GROUP
18

3.433569D-03
3.552412D-03
3.786605D-923
4.127842D-03
4.786316D-03
5.538446D-03
6.085899D-03
6.4118060-03
6.519122D-23
6.416303D-03
6.112464D-03
5.616848D-03
4.941219D-03
4.106767D-03
3.4008770-03
2.968093D-03
2.573255D-93
2.216862D-93
1.896708D-23
1.6091320-123
1.349875D-03
1.114655D0-03
9.293040D-04
7.936921D-2%4
6.757672D-04
5.733616D-04
4.844934D-04
4.073587D-04
3.403205D-04
2.818962D-04
2.307421D-04
1.856385D-04
1.4547310-04
1.092245D-04
T7.594559D-925
4.474678D-95
1.477965D-05

1074



ONE-DIMENSIONAL DIFFLSICN THEORY SAMPLE OUTPUT

REAL
MESH MESH

INTERVAL INTERVAL GROUP GROUP
NUMBER CENTER 15 20
1 1.250 6.,080383D-03 1.366554D0-02
2 3.750 6.214987D-03 1.383833D0-02
3 6.250 6.478748D0-03 1.417641D-02
4 8.75) 6.8595380-03 1.4656620-02
5 12.5C9 Te579757D=03 1.5541610-02
6 17.50) 8.4659510-C3 1.668425D-02
i 22.50) 9. 149516D-03 1.7594780D-02
8 27.500 « 5701590=03 1.8145420-22
9 32.590 9.7741100-03 1.8265180D-02
10 37500 9, 547031D=03 1551923 65D=02
11 42.5C0 G.1061€3D-C3 In712162D=02
12 47.500 8.397685D-03 1.588719D0-02
13 52.50) 7.449254D-03 1.427582D-02
14 57.5390 643064060-73 1.237624D-02
15 61.25) 5.361899D0-03 1.0823360-22
16 63.752 4.7625590-03 S5.7566600-03
17 66+25) 4.2704760-03 8.8073640D-03
18 68.750 3.679145D-03 7.865126D-N3
L D 71.250 3,195101D-03 6975551 0=03
20 73.75) 2.758982D0-03 €.1412880-03
21 76.25) s 2063 61D~03 543629470-03
22 78.750 1.6884040-03 4.6398610-03
23 81.000 1.7044400-03 4.,0933310-03
24 83.000 1.4943216D-03 3.,691740D0-C3
25 85.000 1.304604D-C3 3.312685D-03
26 87.000 1.133743D-03 2.955832D-03
27 89,1000 G.8NCB570-04 2.620425D-03
28 91.02) 8,416524D-04 2.3053617D0-03
29 93.000 7.1766750-04 2.029261D-03
30 $5.700 6.0558260D-C4 1.7305330-03
21 57.209 5.0409210-04 1.4674160-03
32 96,000 4.116414D-04 1.2180220-03
33 101.000 3.2672910-C4 $.803€37D-04
34 193.000 2.4790480-04 7.5238630-04
35 165.009 1.737639D-04 5.3198260-N4
36 107.002 1.026368D-04 3.1701090-04
37 109.000 3.4094C90-05 1.053068D-04

NORMALIZATION FACTOR = 1.24976S90 02

FLUXES NORMALIZEC TO CNE FISSICN

IN REACTOR

GROUP
2

1.119945D-02
1.1242660-02
1.132025D-02
1.141429D0-C2
1153 7190=-02
1.184662D-02
1.213736D-92
1.229795D0-02
1.225873D-02
1.198344D-02
1.146363D-02
1.071560D0-062
S.779808D-03
8.722341D-03
7.906125D-33
7.324090D-03
6.7268290-03
6.128369D-C3
bl«539233 =03
4.967120D-03
4.417498D-03
3.894120D-03
3.491854D-03
3.1909020-03
2.899718D-03
2.618805D-03
2.348345D-03
2.0882430-03
1.838157D-03
1489533 D=03
1.3656390-03
1.141588D0-03
9.2437200-04
7.128775D-04
5.059127D-04
3.022252D-04
1.005205D-04

NORMALIZEC FLUXES BY MESH INTERVAL AND GROUP

GROUP
22

1.,421385D-02
1.406006D0-02
1.374083D-02
1.323296D-02
1.217049D-02
1T«137T9970=02
1.091839D-02
1.060217D-02
1.031458D-02
9.9903880-03
9.,606727D-03
9.178978D-03
8.761189D-03
8.4513726D-03
8.414108D-C3
8.287599D-03
8.095032D-03
7.868678D-03
7.6288290-03
7.4347610-03
7.265830D-03
7.222718D-23
7.268466D-03
7.1866130-03
7.001339D-03
6.725256D-03
6.369873D0-03
5.9456650-23
5.462149D0-03
4.927966D-03
4.350966D-03
3.738294D-03
3.096482D-03
2.431544D0-03
1.749062D0-03
1.054287D0-03
3.5223270-04

(443



ONE-DIMENSIONAL DIFFUSION THEORY SAMPLE CUTPUT

REAL NORMALIZEC REGICNAL FLUX INTEGRALS BY GROUP
REGION GROUP GRCUP GROUP GROUP GROUP GROUP GROUP
1 2 3 4 5 6 T
REG1 2.445959D0-C3 5.0267410-03 9.246510D0-03 1.546984D-02 2.4282110~02 3.4475260-02 442219750-02
REG2 3.883535D0-02 7.956554D-02 1.461047D-01 2.4714930-01 3,8812520-01 5.508564D-01 7.1353410-01
REG3 3,683905D0-03 7.547562D-03 1.386161D-02 2.3378710-02 3.662754D-02 5.1938050-02 6.5649690-02
REGX 1.5837060-94 4.067606D-04 T.429463D-04 1.245128D0-03 1.948683D-03 2.759882D-03 3.484688D0-03
REG4 3.,7104990-04 7.813213D-04 1.420522D-03 2.262223D-03 3,574976D-03 5.176151D-03 6.0824180-03
REGION GROUP GRCUP GROUP GROUP GROUP GROUP GROUP
8 ) 10 11 12 13 14
REG1 5.332632D-02 7.497768D-02 1.073830D-01 1.169349D-01 1.420861D0-01 1.637398D-01 2.143003D-01
REG2 9.1545360-01 1.212842D 00 1.629902D 00 1.795785D0 00 2.134319D 020 2.388655D 19 2.,922578D 00
REG3 8.355892C-02 1.134406D-01 1.565869D-01 1.7178910-01 2.17616070-01 2.3389310-)1 2.951033D-01
REGX 4.4333850-03 6.2368790-03 8.436047D-03 9.347493D-03 1.128548D-02 1.295686D-02 1.667672D-02
REG4 7.676482D-03 1.155367D-02 1.813308D-02 2.0345930-02 2.533002D-02 3.,092932D-02 4.530862D-02
REGICN GROUP GRCUP GROUP GROUP GROUP GROUP GROUP
15 16 17 18 19 29 21
REGL 2.233694D-01 2.9450910-01 2.106932D0 00 5.005914D 00 8.611959D 29 1.892799D 01 1.517744D O1
REG2 3.028585D 00 3.6855460 00 2.091782D0 01 3.798687D 01 5.7298290 01 1.100703D0 02 7.5753530 GOl
REG3 3.0681600-01 3.8882930-01 2.511465D 00 5.380296D 00 8.8419110 00 1.873713D 01 1.4449290 01
REGX 1.767726D-02 2.272073D-C2 1.588704D-01 3.7447700-01 6.680198D-01 1.558797D 00 1.30826020 00
REG4 5.,133922D-02 6.983394D-02 5.61N3670-01 1.422511D 00 2.844502D 00 7.550087D 00 6.7532050 00
-
REGION GRCUP
22
REG1 1.8560890 01
REG2 6.8114880 01
REG3 1.848602C 21
REGX 2.4265280 00
REG4 1.818477D 01

NORMALIZATION FACTGR

1.2497690 02

FLUXES NORMALIZED TC ONE FISSION IN REACTOR

geg



ONE-DIMENSIONAL DIFFUSICN THEORY SAMPLE OUTPUT

AVERAGE PUWER BY INTERVAL

INTERVAL AVERAGE PCWER INTERVAL AVERAGE POWER
1 4.835543D-06 2 5.,268171D-06
5 9.813418D-05 6 1.057732D-04
9 1.143229D0-04 10 1.119759D0-04
13 B.56069710-05 14 7.770533D-05
1Ly | 2.002€45D-05 18 1.788489D-05
el L. 2737290-05 22 1.1341890-05
25 N2.0 2¢ 0.0
29 J.0 30 0.0
33 2.0 34 D.0
3il G.C
MAXIMUM AVERAGE POWER 1.143329C-N4 (OCCURS AT [ = 9

MINIMUM AVFRAGE POWER 4.83£5430-06 (OCCURS AT I

[
o

PCWER AND AVERAGE PCwWER BY REGION

REGION POWER AVERASE POWER
REG1 1.€81881D~02 6.97127451D-06
REG2 9.261889D-01 1.0230990-94
PEG3 5. 78R840D-02 1+837727D0-05
REGX 5.1063£500-03 1.134189D-05

REG4 0.0 0.0

INTERVAL

15

19

23

27

31

35

MAXIMUM POWER 9.2618890-01

MINIMUM POWER 5.1038570-03

TOTAL POWER

AVERAGE POWER

6.194194D-06
1.111200D-04
1.069745D-04
2.527311D-N5
1.598133D0-95

2.0

Y0CID D0

CCCURS

INTERVAL

16

20

24

28

32

36

AVERAGE POWER

7.743896D-06

1.140226D-04

9.945042D0-05

2.246228D-05

1.427554D-05

0.0

0.0

0.0

0.0

IN REGICN REG2

OCCURS IN REGICN REGX

vee



ONE-DIMENSIONAL DIFFUSICN THECRY SAMPLE QUTPUT

REGION

REG1
REG2
REG3
REGX
REG4

REGICN

REG1
REG2
REG3
REGX
REG4

REGION

REG1
REG2
REG3
REGX
REG4

REGICGN

REG1
REG2
REG2
REGX
REG4

LEAKAGE BY REGICN AND GROUP

GRrROUP
1

-2.014556D-N4
3.648660C-04
-1.045341C-04
4.239638D-C6
-3.451781D-05

GROUP
8

-3,.,802535C-03
6.82753€D-03
-1.554150C-N3
8.872147C-C5
-5,1467)6C-04

GROUP
15

-9.175254D-03

l-733782C-02
-5.,057261C-03
-4,584246D-05
-1.374679D0-03

GROUP
22

3,486222C-02
-1.888971C-02
4,758743C-N3
-4,854882C-03
5.571234D-02

GRCUP
2

-4.,0247100-04
7.299803D-04
-2.796082D-04
7.976621D-06
-6,830191D-95

GROUP
)

-44934249D-03
8.5595710-03
=2+595579D0-03
9.1601260-05
-8,1238190-04

GRCUP
16

-1.041568D0-02

2.013036D-22
-5.7578180-03
-1.198612D-04
-1.684427D0-03

GROUP
3

-7.192881D-04
1.305446D-03
-3,742514D-04
1.437539D-05
-1.230601D0-04

GROUP
10

-6.242299D-03
1.147222D-02
-3.313490D-03
7.5782170-05
-1.033252D-03

GROUP
17

-4,606460D-02

$.638442D-02
-2.525538D-02
-1.1823100-03
-1.991971D-02

»

GROUP
4

-1.1484070-03
2.0797220-03
-5.946385D-04
2.468875D0-05
-1.9883050-04

GROUP
11

-6.5986900-03
1.209017D-02
-3.510097D-03
B8.294528D-05
-1.0660760-03

GROUP
18

-4.,308756D-02

1.079537D-01
-2.173978D-02
-1.941322D0-03
-1.741700D0-02

(INCLUDING D * B**2 TERMS)

GROUP
5

-1.742014D-03
3.156566D-03
-9.,052746D-04
3.6362350-05
-2.9877270-04

GROUP
12

-7.315434D-03
1.346603D-02
-3,902945D-03
7.362492D-05
-1.183840D-03

GROUP
19

-3.874028D-02

1.149277D-01
-1.971296D-02
-2.553651D-03
-1.949022D-02

GROUP
6

-2.464164D-N3
4.468687D-03
-1.283674D-03
5.0194990-05
-4,202600D-04

GROUP
1.3

-7.906446D-23
1.464463D-02
-4,239879D-03
5.117162D-05
-1.2717986D-93

GROUP
29

-3.,8734130-02

1.532646D-51
-1.888070D-92
-3.559303D-923
-2.,226059D-02

GROUP
7

-3,052797D-03
5.488742D-03
-1.594707D-03
7.136048D-05
-5.024245D-04

GROUP
14

-9.251783D-03

1.744738D0-02
-5.0384300-03
-1.792287D-05
-1.4760490-03

GROUP
21

-1.4427390-03
5.281716D-02
1.701410D-03

-1.360601D-03

-8.N79374D-03

SZ¢



ONE-DIMENSIONAL DIFFUSICN THEORY SAMPLE OUTPUT

INTERFACE
LEFT RIGHT
0 REG1
REG1 REG2
REG2 REG3
REG3 REGX
REGX REG4
REG4 0
INTERFACE
LEET RIGHT
0 REG1
REG1 REG2
REG2 REG3
REG3 REGX
REGX REG4
REG4 0
INTERFACE
LEFT RIGHT
0 REGL
REG1 REG2
REG2 REG3
REG3 REGX
REGX REG4
REG4 0
INTERFACE
LEFT RIGHT
0 REG1
REG1 REG2
REG2 REG3
REG3 REGX
REGX REG4
REG4 o

CURRENTS AT REGION INTERFACES BY GROUP (DIRECTION OF INCREASING DIMENSION)

GROUP
i

0.0
-1.510424D-06
1.02€178D-06
212939007
2.619277D0-07
3.246767D0-0S
GROUP
7

N.0
—2+287051D-05
1.538452D-05
3.,2792310-06
3s (97559D=-06
3.547261D0-08
GROUP

13

0.0
=5y 536392005
4.185526D-05
9.542136D-C6
S.E80688D-06
3.154991D0-07
GROUP
b2

0.0
-3.093887D-04
4.,C583850-04
243749€30-04
2.168579D-04
6.3752050-05

GRUULP
2

N.0
-3.017773D-06
2.055744D-06
4.617748D-07
5.192896D-07
7-244248D-09
GROUP
&

0.0
-2.848267D-05
1.912937D-05
3.958503D-06
4.643246D-06
4.171435D-08
GROuUP
14

0.0
-6.956787D-05
5.044026D-05
1.195419D0-05
1.176460D-05
6.128688D-27
GROUP
20

0.0
-3.274821D-04
5.782313D-04
3.985536D-04
3.688080D-04
1.832240D-04

GROUP
3

0.0
-5.393468D-06
3.677990D-06
8.317618D-07
9.354511D0-07
1.293099D-C8
GROUP
<)

0.0
-3.698865D-05
2523776005
5. B512159D=06
6.172993D-06
8.266377D-08
GROUP
IS

0.0
-6.920127D-05
5.1721318D-05
1.158563D-N5
1.115744D-05
7.4574030-07
GROUP
21

0.0
-3.,515584D-05
2.338694D-04
2.231584D-04
2.109175D-04
1.368449D-04

GROUP
4

0.0
-8.609968D-06
5.849153D-06
1.327562D-06
1.506134D-06
1.659578D-08
GROUP
10

0.0
-4 .684013D-05
3.261980D-05
7395720056
7+929152D~06
1.686748D-07
GRNOUP
16

0.0
=7 +8489310=-05
5.9067020-05
1.492575D-05
1395815005
1.168602D-06
GROUP
22

0.0
2.366363D-04
8.325157D-06
2.071650D0-05
-1.843195D-05
3.673668D-04

GROUP
5

0.0
-1.306012D-05
8.884359D-06
2,001597D-06
2.264404D-06
2.585506D-08
GROUP
L E

0.9
-4.,950413D-05
3.4317490D0-05
7.609103D-C6
8.194322D-06
1.864700D-07
GROUP
1L

0.0
-3.501261D-04
2.9562450-04
9.898982D-05
8.964148D-05
1.293558D-05

GROUP

N.0
-1.847446D-05
1.258722D-05
2.827777D-06
3.1902940-06
4.,052207D-08
GROUP
12

N.0
-5.490280D0-925
3.833687D-05
8.618640D-06
9.129574D-06
2.3230100-07
GROUP
18

0.0
-3.353624D-04
3.586996D-04
1.812016D-04
1.656611D0-04
3.145934D-05

9Z¢



ONE-DIMENSIONAL DIFFUSICN THEORY SAMPLE OUTPUT

REGION

REG1
REG2
REG3
REGX
REG4

TOTAL

GROUP

VO~NCWVHWN -

BALANCE SUMS BY REGION

LEAKACGE

-2.085794C-01

6.464191D-01
-1.196059C-21
-1.496665C-22
-3.371708D-C2

2.695509C-C1

BALANCE

LEAKACE

2.8598120-05
5.757588D-05
1.0322140-04
1.6253490-C4
2.4686740-04
3.5078400-04
4.101736C-04
5.049025C-04
7.003625C-04
G.589604D-04
G.982501C-04
1.137438D-03
1.278485C-02
1.663192D-03
1.680784C-303
2.152581C-03
1.386242C-92
2.376804C-u2
3.443064C-02
6.982986C-02
4.363656D-02
7.158871C-02

2.695509C-01

REMOVAL

1.045311D QO
7.563657D 20
1.124196D0 00
9.0576950-92
3.1641210-01

1.014016D 01

SUMS RY GRCUP

REMOVAL

4.966814D-)3
1.9123670-92
1.803801D0-02
2.9653920-02
4.586835D0-N2
6.520344D-02
8.790352D0-C2
1.149477D-01
1.4012260-01
1.8063970-01
2.050677D-01
2.4177000-01
2.678702D-01
3.0615590-01
3.3057900-01
3.610375D-0C1
1.0192280 20
1.201770D0 20
1.5064360 20
1.7854760 CO
1.3597920 00
8.574174D-01

1.0140160 21

NON-FISSION
SOURCE

8.092053D-01
5.651600D0 00
8.47G711D-01
6.174635D0-922
2.8266500-01

7.652318D 00

NCN-FISSION
SOURCE

0.0

3.885868D-04
8.362062D-04
1.6996260-03
3.877581D0-03
6.435230D-03
1.0480690-02
1.837856D-02
2.540219D-02
5.003389D0-02
64156775D0-02
8.940613D-02
1.1072550-01
1.484624D-01
1.755586D0-01
2.121553D-01
5.2274220-01
8.38871640-01
1.345769D0 00
1.697826D0 00
1.364384D 00
G.1743760-01

7.6523180 00

FISSION
SOURCE

2.897119D0-02
2.686299D 00
1.653933D0-01
1.4556600-02
0.0

2.895150D 00

FISSION
SOURCE

5.2449870-03
1.0278760D-02
1.822210D-02
2.956357D-02
4.434787D0-02
6.207263D-02
8.1721620-02
1.0192390-01
1.2118730-01
1.3813370-01
1.5168600-91
1.611704D-01
1.663381D-01
1.6731830-01
1.645301D-01
1.5858100-01
5.3584620-01
3.536492D0-01
2.048449D-01
1.6534800-01
4.099525D-02
1.2146400-02

2.895150D 00

CO0000O0OO0OOODOOLUOOOO0OOO0OOUVUO

5 6,0 08 90w o8 896 e 89 e NS

OCO000D00O0OULUOOD0DDOOOCTCOOO

0.0

EXTERNAL
SOURCE

EXTERNAL
SOURCE

BALANCE

6.902097D-11
2.810545D0-10
-3.7594330-10
-3.636769D-11
-4.7769750-15

-64224033D-11

BALANCE

-1.269850D0-13
-2.441789D-13
-4,258453D-13
-6.811878D-13
-1.009430D-12
-1.397948D-12
-1.823588D-12
—2.+256277D~)2
=2.664021D-12
-3.018100D-12
=3.296599D-12
-3.486426D-12
-3.583455D-12
=3+ 5RI751D~12
-3.520829D-12
-3.384124D-12
-1.137608D-11
=7.463934D-12
-4.3067020-12
=3.469636D-12
-8.574529D-13
=2.557796D-13

-6.224C33D-11

479



ONE-DIMENSIONAL DIFFUSICN THEGRY SAMPLE QUTPUT

SIZE CF PCINTR CORE CCNTAINER ARRAY REQUIRED FOR CALCULATION SECTION

SIZE

*#% LEAVING MODULE DIF1D (NUCGO2) TIME

OF POINTR BULK CCNTAINER ARRAY REQUIRED FOR CALCULATION SECTION

0.496 MINUTES

9035

Xk

87¢
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PART TWO.
ONE-DIMENSIONAL, MULTIGROUP DIFFUSION THEORY
CRITICALITY SEARCH MODULE, D1DSCH (NUC004)

Analysis Done By - G. K. Leaf and A. S. Kennedy
Programmed By - A. S. Kennedy and D. E. Neal

Documented By - D. E. Neal and G. K. Leaf
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1. DIDSCH (NUC004) Introduction

a. Description of Capabilities

This module perfomms a diffusion theory search, to either a prescribed
k-effective or a prescribed inverse reactor period a, sharing the input,
output, and k-effective calculation portions of module DIF1D (NUC002). The
parameters which may be varied in the search include material volume fractions,

mesh interval dimensions, geometric buckling, and a.



Standard Paths Which Utilize This Module, and

Otner Modules Utilized by Each Path

Modules Utilized
by Each Path.

Paths Utilizing This Module

STP001
1-D Diffusion
Theory

STP003
2 -D Diffusion
Theory

STP004

Burnup
Diffusion

Theory

STP006
1-D Diffusion
Theory
Perturbation

DELDATA (CSI007)
Delayed Neutron
Data Preparation

INHOMG (NUIOO01)
Multigroup Cross
Section Homog.
Specifications

HOMOG (NUC001)
Multigroup Cross
Section Homog.

HHOMOG (NUC007)
Material-to-
Composition
Cross Section
Homogenization

GNIP (NUI002)
Neutronics Input
Processor

DARC1D

DIF1D (NUC002)
1-D Diffusion
Theory keff
and Source
_Calculations

10577



b.

Standard Paths Which Utilize This Module, and

Other Modules Utilized by Each Path (Cont'd.)

Modules Utilized
by Each Path

Paths Utilizing This Module

STP001
1-D Diffusion
Theory

STP003
2-D Diffusion
Theory

STP004

Burnup
Diffusion

Theory

STP006
1-D Diffusion
Theory
Perturbation

D1DSCH (NUC004)
1-D Diffusion
Theory Criticality
Search

DARC1D

DIF2D (NUC005)
2-D Diffusion
Theory keff
and Source
Calculations

DARC2D

D2DSCH (NUC004)
2-D Diffusion
Theory Criticality
Search

MODXSISO (NUI006)
Run-time
Microscopic Cross

Section Modification

PARC1D (AJCO003)
1-D Diffusion
Theory
Perturbation

(95



b. Standard Paths Which Utilize This Module, and
Other Modules Utilized by Each Path (Cont'd.)

Modules Utilized
by Each Path

Paths Utilizing This Module

STP004
STP001 STP003 Burnup
1-D Diffusion 2-DDiffusion Diffusion
Theory Theory Theory

STR006
1-D Diffusion
Theory
Perturbation

OUTMAN1D (NUE001)
1-D Neutronics
Output
Manipulation

INVENT1D (AJC001)
1-D Neutron
Inventory

INVENT2D (AJCO006)
2-D Neutron
Inventory

CPGEOM (AJC006)
Geometry Data
Set (GEOM)
Copier

REBUS

INFUEL (FCI001)
Fuel Cycle
Specifications

FUELCY (FCC001)
Fuel Cycle
Analysis

£ee
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Data Sets Utilized by This Module

Upper-interface Data Sets

A.DIF1D, One-dimensional Diffusion Theory
Module-dependent BCD Input

BC, Boundary Condition Specifications

FA.D1, One-dimensional Adjoint Group Fluxes
or

FR.D1, One-dimensional Real Group Fluxes

GEOM, Geometry Data

SP.CICN, Module-independent Data
SP.CRIT, Criticality Search Specifications

XS.C.MIN, Macroscopic Composition Cross
Sections

XS.1S02, File 1, Problem-dependent
Microscopic Group Cross sections

File 1
or

XS.ISO, File 1, Microscopic Group Cross
Sections, File 1

Lower-interface Data Sets

B.HOMOG, Binary Version of Homogenization
Input

FA.D1, One-dimensional Adjoint Group Fluxes
and/or

FR.D1, One-dimensional Real Group Fluxes

FR.PN, Power-normalized Real Regional Group
Fluxes

FSA.D1, One-dimensional Adjoint Fission
Source
and/or

FSR.D1, One-dimensional Real Fission Source

GEOM, Geometry Data

XS.C.MIN, Macroscopic Composition Cross
Sections

Records Read
All

All
All

All

All except Region
Volumes

All
All
All

File Size, Group
Structure

File Size, Group
Structure

All

All
All

All

All
All
All



2. DIDSCH (NUC004) Description of Problem and Method of Solution

a. Introduction

This module adjusts certain parametric vectors, which are constrained
to lie on a given straight line, in order to achieve a desired value of
keff or of the inverse reactor period o. The parametric vectors include
material volume fractions, mesh interval dimensions, geometric buckling,
and a.

b. Problem Formulation

If P = {PY} denotes a parametric vector, then the desired vector is

constrained to lie on a line given by

Py(x) = PY(AO) i ASPY : (b.1)

where GPY denotes the parameter modifiers (the direction numbers for the
line), and P (AO) denotes the initial parameter value defined.

For any given value of A, the parametric vector P(A) generates the
matrices M(A) and F(A). Hence, the corresponding value of kef = k() is
obtained as a solution of the eigenvalue equation

MO = FFO)e - (-2)

The object of any search for a desired keff is then to solve the equation

k() = kg » (b.3)

where kd denotes the value of the desired k S
A particular example of a search for a prescribed keff is the a-

search. In this case, the parametric vector is a scalar; thus P(A) =

a(r) = a(xo) = x\6a. Moreover, M(A) =M + a(2) and F(A) F. From this

we see that an o-search involves searching for the value of o satisfying

n

the equation

M+a)e = —Fp . (b.4)

Normally, kd = 1.

335
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i i i . (Given
It is also possible to search for a desired inverse period, oy e

a search to achieve the desired o involves

any parametric vector P(A), i
g equation has a positive

finding that value of A for which the followin

solution vector ¢:

EF(A)¢ (b.5)

M) + agle
Since the equation

MO + agle = k—lmF(m (b.6)

has a positive solution vector and eigenvalue k(A) for each A, the solution

to Eq. (b.5) is achieved by repeatedly solving Eq. (b.6), then searching
for that value of A for which k(a) = 1.

[¥, - ky)
e = g X -k

n n-1

o |

—_— =

1 k. -k
= i S ) n d
Y (An n-1 ‘En - En‘l

5 -

|
|
|

c. Method of Solution

As shown in the previous section, all searches involve solving the
equation (b.3), where k()) denotes the value of keff corresponding to a
given parametric vector P(A). The value of k(1) is obtained from a
k-effective calculation by the one-dimensional k-effective and source cal-
culation module, DIF1D (NUC002). There are two possible search procedures.
The first is a linear procedure which coincides with the method of regula
falsi as soon as the desired value kd has been bracketed. The second is
based on parabolic interpolation, with linear interpolation being used to
start the procedure. The parabolic method is used wherever feasible.

In the parabolic procedure, a parabola is passed through three points
of the function k(A), and this curve is used to estimate the solution of
equation (b.3). Again, the desired value of keff is bracketed. If the

calculated parabola does not intersect k,, or if the three points approximate

d
a straight line, linear interpolation is used.



In the solution used in this module, the parameter values P_(\) are
updated immediately on each pass n, so that instead of Eq. (b.1) the fol-
lowing equation is used:

PO = POy ) *eep (c.1)
where
il G S
and
n
An & AO iy .Z 6i
i=1

On the first pass,

61 = Al ’

from the input data set SP.CRIT. On the second pass,

B~ M)
T me d 1

it (dk/dx)1 has a nonzero value in data set SP.CRIT; otherwise, A, must
be present in data set SP.CRIT. In either case,

i 5
Translating the parametric vectors into the search types possible,
we have the following.

(i) Dimension search (X)
PY represents the mesh increments, AXi.
<SPY represents the mesh modifiers, é(AXi).
The equation thus becomes

(AXi)n = (Axi)n_1 + 6 +6(8X,)

for each modified interval i.
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(i1)

litsL)

(iv)

Buckling search (BZ) ;
P represents the buckling by region and transverse direction, i

<SP represents the buckling modifiers cSB The search equation
is

2

2
r’t)n-l

2
B
r,t)n X dnw r,t)

(B = (B

The change in buckling B2 causes a change in the actual region

half-height or radius (HL) ,while the extrapolation distance

T,t :
E . remains constant. This produces a change in the extrapolated
haif-height or radius H [ (HL) . HE 2t as follows: for

rectangular slab or cylindrical geometry, s (Tr/ZBr,t); .for

cylindrical slab geometry, l-Ir t (a/Br t), where o is the first
2 >

zero of the Bessel function JO‘ From this, the actual half-

height or radius can be recomputed as

= H e
L)r,t T3 ot

(H

Alpha search (o)
Here, PY = a and GPY = 6o, the modifier. The search equation is

(“)n 5 (Ot)n_l + Gnéa

Concentration search (cx)
This search operates on the volume fractions of the materials,
modifying each cross section type. PY 1S Oys the cross section
being modified; 6P is Oy the corresponding cross section of
the modifying composition. If the Cross section type being
modified is Ops Ofs V'O, OF cg g the equation is simply

b = o)+ 80y
For the diffusion coefficient, the transport cross section is in
effect modified:
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(Dg)n-l(D’%)

o5 -
Rt maf) v (0F)
o

il

g ) ;
For the x® (vector) or Xg 8 (matrix) cross section, the modifi-

cation is
g . [(v-0.)8 i JEwitninE
! (xc)n_1 L(v cf)C] G, Pl il cf)m
«® - n-1
n [(v~of)g]
¢
n
25 : s e S eloe S o
5 L85 freiTnedl 10 Wb B85 Geagd®a
e )n = n-1 o
[(v-cf) ]
Cc

n
A nonfissionable composition can modify a fissionable one, but a
fissionable composition cannot modify a nonfissionable one. If
the latter is desired, the composition to be modified can be made
to appear fissionable by adding to it a zero volume fraction of a

fissionable material.

The scattering band width of the modifying composition must be
less than or equal to that of the modified composition. This
can be handled similarly by adding a zé}o volume fraction of a
material having the greater band width to the modified com-

position.

d. Output Edits
The edits provided by this module can be divided into three categories:

input, search pass history, keff calculation iteration history, and output.

(i) Input
The input data edits provided by this module are the same as
those provided by the one-dimensional k-effective and source
calculation module, DIF1D (NUC002) , except that data read from
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the criticality search specifications data set, SP.CRIT, are

also displayed. The data printed include the prescribed keff

or o to be searched to; the type of search desired (CONC, X-DIM,
BSQ, or ALPHA); the maximum number of control changes; the first and
second guesses at the control parameter X (A); the initial
(dkeff/dx); the lower and upper bounds of X; and the convergence
criterion. For a concentration search, the name of each com-
position being modified is printed, along with the name of its
modifier; for an X-dimension search, the numbers of the intervals
being modified are printed, along with the modifier GAXi for each;
and for a buckling search the buckling in each region and direction

being modified is given, along with its modifier GBi t

(ii) Search pass history
For each control pass after the first the value of the new con-
trol parameter X(An), of the keff found on the previous pass
[k(xn_l)], and of the change in the control parameter X'(dn) are
displayed. In addition, the names of compositions modified and
their modifiers are reprinted for a concentration search; the new
values for interval lengths are given for an X-dimension search;
and the modified values for the buckling and half-height and the

extrapolation distance are shown for a buckling search.

When the search has converged, the geometry data (for an X-
dimension or buckling search) or the composition data (for a
concentration search) are displayed again, in the same format
as in the input section. (The composition data are also dis-
played if any cross section valués become negative during a
concentration search pass; this condition also terminates the
search.) In addition, the appropriate data set or sets
(XS.C.MIN and B.HOMOG, or GEOM) are updated upon convergence.

(iii) keff calculation iteration history
This section, displayed for each control pass, is identical to
that described for module DIF1D (NUC002).

(iv) Output

This section is also identical to that for the one -dimensional
diffusion k-effective and source calculation module.
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3. DIDSCH (NUC004) Description of Module Flow

This section defines the overlay structure of this module and the flow of

logic through the subprograms which form the module.

Section a. consists of an overlay structure diagram, showing the ARC
System segments and DIFID and DIDSCH module segments required by this module
and their positions in the overlay heirarchy. This is followed by a list of
the subprograms located in each D1DSC(H module segment, in alphabetical order.

Section b. illustrates the flow of logic through the subprograms of this
module, and section c. describes this flow in terms of the module's functions.
Calls. to PAGHED, the subroutine which prints the page heading, and ERRMSG,
the subroutine which prints error messages, are not indicated, nor are calls
to subroutines or entry points which are part of the ARC System utility routines,
such as POINTR and SNIFF.
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a. DIDSCH (NUC004) Overlay Structure Diagram

MAIN

D1DSCH
DIFSH2 **
DIFSH2 **
D1DCL1*
D1DCL2*
SYSTEM
LINK
LOAD
BPOINTER
SQUEZE
IBCOM

DIFOLY

D1DING* D1DOT1*

D1DINC* D1DOT2* I D1DCAL* l

D1DINF* D1DOT3*

CONOLY 4 I
D1DFDC* ' . D1DKEF* l

Subprograms contained in each DIDSCH (NUC004) module segment

Mcdule segments marked with a single asterisk (*) are shared with the One-
dimensional Diffusion Theory k-effective and Sou.rce Calculation module, DIF1D;
their contents will not be repeated here, since they appear in the DIF1D docu-
mentation in this volume.

Module segments marked with a double asterisk (**) are shared with the
Two-dimensional Diffusion Theory Criticality Search module, D2DSCH (NUCO006).
Their contents are listed here, along with the contents of the one segment
unique to this module.

D1DSCH D1FSH1 DIFSH2
DIDSCH CHANGE RCORD1
DELBSQ CRTIN1 RCORD2
DELX CRTIN2 RCORD3
Main DELALF RCORD4
RDBSQ DELXS RDGEOM
RDDDX PARAB UDBHMG
SRCGHIN RDCONC UPDTXS
WRCRD1
WRCRD2
WRCRD3
WRCRD4

WSRCH
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b. Diagrammatic Subprogram Logic Flow

Con |

VoL
(entry in _IVOL)

Print

PHYVOL

(entry in IPHVOL) (entry in IVOL)

geometry data
. ¥

data for alpha
calculation
?

ource
calculation
?




b. Diagrammatic Subprogram Logic Flow (Contd.)

VoL
(entry in IVOL)

AREA
(entry in IAREA)
VERBND
(entry in GETBND)|

FDCCEL
(entry in CELCAL)

Adjoint
calculation

ISUBS
(initialization)

Keff
calculation
?

SWEEP
(entry in ISWEEP)

FSRC
(entry in IFSRC)

TSRC
(entry in ITSRC)

ENDOUT
(entry in INDOUT)

Parabolic
interpolation
?

345

acceleration
?
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b. Diagrammatic Subprogram Logic Flow (Contd.)

CELCAL
(initialization)

PHYVOL VoL
(entry in IPHVOL) (entry in 1VOL)

BALW
(entry in IBAL)

VoL
(entry in_IVOL)
BALW
FISCAL l(entry in_IBAL)
VoL

Adjoint
problem
7

Print
output data
7

BALW
(entry in IBAL)

VoL
(entry in 1VOL)

VoL

Power
calculations
7

RCEL

Cul
I(entry in CELCAL)I
LKCELL
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c. Descriptive Subprogram Logic Flow

The main program of module DIDSCH (NUC004) is entered by execution of a
LINK command in a path or module. It calls subroutine DIDSCH, which reads
the first record of data set SP.CRIT,and then calls DIDIN, which performs
input of all other data sets needed for execution of the module,

DIDIN first calls RCDEP, which inputs all module-dependent data from data
set A,DIF1D and module-independent data from SP.CICN. If black composition
data (card type 07 in A.DIF1D) are present, RBLACK is called to read these
data.

DIDIN then calls RGEOM, which controls input of all geometry data from
data set GEOM. Reading of the first record of GEOM and setting up of all
arrays needed is accomplished in RGEOM, which then calls RMESH to read the
rest of the GEOM data and PGEOM to print out the data after they have been
read. The initialization call to CELCAL is also made by RGEOM, and CELCAL
in turn initializes functions IVOL and IPHVOL, among others, so that entry
points VOL and PHYVOL can be used l'ay PGEOM.

DIDIN then calls RBNDC, which controls reading of the boundary condition
data from data set BC, The data is read in RBNDC, stored in the internal array
BNDC in subroutine STORBC, and printed out in subroutine PRTBEC.

DIDIN then calls RCOMP to read composition data, RCOOMP reads the first
record of data set XS.C.MIN, sets up all arrays needed, and calls GETCHI to
read the next record if there is a set-wide fission spectrum. It then calls
RDELAY to read data set XS.DELAY* if delayed neutrons are to be taken into
account for an alpha calculation, and then calls RGROUP once for each composi-
tion to read group-dependent data from XS.C.MIN. RCOMP then calls DIMSCT to
set up the position of the scattering terms in the scattering array, PCKSCT
to pack the scattering array by compositions, and PCOMP to print out the
camposition-related data. Its final call is to RVEL, which reads group-
dependent neutron speeds from data set XS,ISO2 or XS.ISO for an alpha calculation.

*
This data set has not been defined.
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DIDIN then calls RDIST, which controls reading of distributed data.
RDIST sets up all arrays needed for this data and calls RFLUX to read flux
input from either data set FR.Dl or data set FA.D1, depending on the problem
type. No external source data is ever used by NUC004, so RDIST does not call
RDELAY or RSORC.

Following the call to RDIST, DIDIN determines and prints the amount of
POINTR container array space required for the diffusion input, packs the
container array, and returns control to DIDSCH. DIDSCH then calls SRCHIN to
control the reading of the second record of SP.CRIT. For a concentration
search, RDCONC is called; for a buckling search, RDBSQ is called; and for an
X-dimension search, RDDDX is called. (For an alpha search, no second record
is present.) The amount of POINTR container array space required for the
search input is printed.

The search passes are then begun. Subroutine DIDSCH calls the appropriate
routine to perform modification of the quantity being searched on using the
current search parameter. For a concentration search, this routine is DELXS;
for a buckling search, it is DELBSQ; for an X-dimension search, it is DELX;
and for an alpha search, it is DELALF.

DIDSCH then calls DIDCAL to perform calculation of the k-effective corres-
ponding to the search parameter used. DIDCAL first calls FDCGEN, which controls
generation of the finite difference coefficients,

FDCGEN sets up the needed arrays and calls CELCAL to initialize routines
to be used. It then calls FDC1D to control the calculation of the coefficients.
FDCID calls entry point FDCCEL of CELCAL for each interval and group to calculate
the coefficients. It then completes the calculation of these and related terms,
and re-orders these arrays by groups if an adjoint problem is to be done. Then,
if this is an adjoint problem, FDCGEN calls REORDR to re-order other group-
dependent arrays before returning control to DIDCAL.

DIDCAL then determines if the problem is a k-effective calculation or a

source calculation; since for a search it is always a k-effective calculation,
it calls KEFCAL.
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KEFCAL controls k-effective calculations. It first sets up necessary
arrays, determines and prints the amount of POINTR array space required for
the calculation section, and calls ISUBS to initialize subroutines. It then
transfers control to OUTERS. OUTERS controls the number of power iterations
done and writes FR,Dl or FA.DL after a specified number of passes if this
restart option has been specified. For every iteration, it calls SWEEP
(entry in ISWEEP) to perform the mesh sweep and ENDOUT (entry in INDOUT) to
perform Chebyshev acceleration if desired, to compute monitoring information,

and to test for convergence.

SWEEP calls FSRC (entry in IFSRC) to compute the fission source for every
point and group. Then, for each group, it calls TSRC (entry in ITSRC) to
compute the total source including scattering for each channel and INVERT to
perform a Choleski inversion of the resulting tri-diagonal matrix. After this
has been completed for all groups, SWEEP performs upscattering iterations, if
any, in the same manner, calling TSRC and INVERT.

ENDOUT calculates and prints monitoring information and performs Chebyshev
acceleration, if it is called for, by calling CHEB to obtain the Chebyshev
coefficients and then by modifying the flux appropriately. It also tests for
convergence and returns a flag to OUTERS, which returns control to D1DCAL and
then to DIDSCH if the problem has converged or has exceeded the maximum number

of outer iterations and continues to another iteration if not.

Subroutine DIDSCH then calls CHANGE to check for convergence of the
search and to compute a new search parameter if it has not converged. CHANGE
calls PARAB if parabolic interpolation is desired.

Following this, DIDSCH calls CRTIN1 for a concentration search or CRTIN2
for a buckling or X-dimension search to read the second record of SP.CRIT, and

then updates the data set, using CRTOT1 (entry in CRTIN1) or CRTOT2 (entry in
CRTIN2) to write the second record, if present,

If the search has converged or if the maximum number of search iterations
has been exceeded DIDSCH calls PCOMP for a concentration search or PGEOM for a
buckling or X-dimension search to print the search results, It then calls
DIDOUT to coutrol output of data sets afd of printed output, if desired.
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D1DOUT wipes out unneeded arrays, packs the POINTR container arrays,
sets up necessary arrays, and calls CELCAL to initialize various routines
used. It then calls FVCAL to compute regional flux integrals and then NRVCAL.
NRMCAL computes regional flux averages and regional flux integrals normalized
for BURNUP, if desired, normalizes fluxes and flux-related terms for a k-
effective calculation, calls FISCAL to calculate fission density and fission
source integrals by mesh interval and group, and then calls FLIP to re-order
these quantities by group if the problem is adjoint. NRMCAL then outputs data
sets: FR.D1 or FA.D1 for fluxes, FR.PN for a real problem for which power-
normalization of fluxes for BURNUP is specified, and FSR.D1 or FSA.D1 if
fission source integral output is requested. Then, if printing of these
quantities has been specified, NRMCAL prints all flux-related and fission-
related quantities thus far computed, utilizing printing routines TWODPR and
TWODFL.

D1DOUT then returns control to subroutine DIDSCH if further output is not
desired. If power-related temms are desired, DIDOUT calls PWRCAL to compute
and print them. DIDOUT then calls LKCAL, which computes the leakage contribu-
tion to the balance equation (using entry LKCELL of CELCAL) and the current
across region interfaces (using entry CURCEL of CELCAL), and prints them by
calling TWODPR and TWODCR.

DIDOUT then calls REMCAL to compute the remgval contribution to the
balance equation and print it using TWODPR; SCTCAL to compute the scattering
contribution to the balance equation and print it using TWODPR; FISREG (entry
in FISCAL) to compute the fission source contribution to the balance calculation
and print it using TWODPR; and BALCAL to calculate the balance temm and print
it using TWODPR. Finally, SUMCAL is called to sum all balance-related terms
over regions, over groups, and over the reactor, and to print these quantities.
Following this, control is returned to DIDSCH, where output arrays are wiped
out of the POINTR container arrays and the container arrays are packed.
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If the problem being solved was both real and adjoint, DIDCAL and D1DOUT
are called again to perfom an adjoint calculation based on the results of
the real search and the wiping out and packing of the container array is
repeated. Following this, for any problem type, WSRCH is called to output
data sets whose contents are altered by the search, if this is desired.

For a concentration search, WSRCH sets up necessary arrays and calls
RCORD1, RCORD2, RCORD3, and RCORDA4 to read all data from data set XS.C.MIN.
It then calls UPDIXS to update this data using the final value of the search
parameter, and WRCRD1, WRCRDZ, WRCRD3, and WRCRD4 to write the modified data
set XS.C.MIN. The modified data thus replaces the original data. WSRCH then
uses UDBHMG to update data set B.HOMOG. The maximum amount of POINTR container

array space used is detemmined and printed.

For a buckling or dimension search, WSRCH again sets up needed arrays
and calls RDGEOM to read data set GEOM. Then, to write the modified values
on the data set, WSRCH calls WIBSQ (entry in RDGEOM) for a buckling search,
or WIDIM (entry in RDGEOM) for a dimension search. Again, the amount of POINTR
container array space used is given.

Following this, control is returned by subroutine DIDSCH to the main
program of NUC004, which calls FREE to free storage and then returns control
to the path which linked to the module.
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4, DIDSCH (NUC004) Subprogram Descriptions

This section contains descriptions of all subprograms which are part
of the DIDSCH module and which are not shared with the DIF1D module. The
descriptions appear in alphabetical order by subprogram name.

Each subprogram description begins with a listing of the calling sequence
of the subprogram, and of its entry points, if any. Subsection 1 is a list of
the arguments of the subprogram and its entry points, in order of appearance,
with the type of each argument, its dimensions in the subprogram if it is an
array, and its definition or use. The four types of variables used are I*2,
denoting an integer halfword (16 bits); I*4, denoting an integer fullword
(32 bits); R*4, denoting a floating-point fullword; and R*8, denoting a
floating-point doubleword (64 bits). Variables used as array dimensions are
defined either as arguments or as members of common blocks.

When the character '*'"' appears as an argument, it indicates an optional
return to a statement number specified in the calling subprogram. See the
IBM FORTRAN manuals for further explanation.

Subsection 2 contains the names of all common blocks used by the subprogram.
Each is followed by a list of the variables actually used from the common block
within the subprogram, together with their types and definitions. The dimensions,
if any, follow the variable name in parentheses. *

Exceptions to this are the /BLKSTR/ and /SINGLE/ common blocks. For
each, its presence is noted; for the /SINGLE/ block, the locations of variables
used are listed, together with their local names and definitions.

Subsection 3 contains a listing of important variables which are local to
the subprogram, in a format like that described for subsection 2.

Subsection 4 describes the functions performed by the subprogram in terms
of the overall purpose of the module.

Subsection 5 lists all subprograms called by the subprogram or any of
its entry points; subsection 6 lists the subprograms which call the subprogram
or any of its entry points.
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Subsection 7 describes error messages which can be generated by the
subprogram, together with the action taken.

More detailed explanations of the contents of common blocks, and of the
variable-dimensioned arrays stored in the large container array /BLKSTR/, can
be found in sections 5 and 6.



Subroutine CHANGE (ICONV, ¥)

1. Arguments

Name Type
ICONV I*4

2. Common Blocks

Dimension

/SINGLE/FLT(100), INT(100)

Definition

Convergence flag 0-search has
not converged

1-search has

converged

Error return

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(2)

FLT(52)
FLT(53)
FLT(54)

FLT(55)

FLT(56)
FLT(57)
FLT(58)

FLT(59)

FLT(60)
FLT(61)

FLT(62)

Local Name

KEFF

XNTH
XNM1L
XNM2
DKDX

KZERO

EPSSRC

SKNTH

SKNM1

SKNM2

Definition

(n)
Current value of keff’ keff

Current value of search parameter, X(n)

Previous value of search parameter, X(n_l)

Previous value of search parameter, X(n-Z)

Slope of curve k vs. X at the point
(n) eff
X

Lower bound on search control parameter X

Upper bound on search control parameter X

Value of k prescribed to be searched
0) eff *

to, k

ggr;}r(e;}x;gence criterion Egy ON ke £f for

(n)
1(erflf

(n-1)
kegs

(n-2)
keer

355
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Name Local Name Definition
FLT(65) XBAR Value of 5('(") used in actual search pass
relation: p _ p(-1) x(M)sp
INT(82) LORP Interpolation type 1-linear
0 or 2-parabolic
INT(83) NPASS Number of current search pass
&, Loeal Variables
Name Type Definition
0 _,m
DKNTH R*8 ke £F ke £
©) . (-1)
DKNM1 R*8 keff keff
0 _,m-2)
DKNM2 R*8 ke £F ke £f
X(3) R*8 Three values of search parameter X for
parabolic interpolation
Y[(5) R*8 Three corresponding values of ke £f for
parabolic interpolation
COEF(3) R*8 Three values of parabolic interpolation
coefficients, a, b, and c
DISCRM R*8 b2 - 4 ac, the discriminant of the quad-

(0)

ratic equation ax2+bx+c = keff =y

ROOT1 R*8 First root of quadratic equation
ax’+bx+c - kég)f =y

ROOT2 R*8 Second root of quadratic equation
ax2+bx+c - kég% =y

XNP1 R*8 New value of X, X(ml) , after parabolic
interpolation

NPASS1 1*4 NPASS+1, number of next search pass

4. Functions and tasks performed by this subroutine

This subroutine computes the new value of the search control parameter
X to be used on the next search pass. The task can be thought of as one of



357

plotting successive values of keff and X on a curve of k vs. X, attempting
to solve for the value of X corresponding to ké(f)%, as shown in the diagram.
This is done by using input guesses to obtain
keff the first two values of X, using the k-effective
calculation to obtain the corresponding values

B of keff’ and using linear interpolation on
k(gfi-‘ these points (X, k_g¢) to obtain a third point.

Hereafter, either linear extrapolation, using

two points, or parabolic, using three points,
can be used.
First, the current values of SKNTH, kélgg:

and of DKNTH, 6k(n) = k(o) - k(n) are set up.

sk @ eff ~ “eff ~ “eff’
If ?eg? 2 esqpe where €5y is the search convergence criterion EPSSRC,
eff

the flag ICONV is set to 1, indicating convergence, and control is returned
to the calling program. Otherwise, the value of X to be used on the next
pass is sought.

If this is the first pass, this task is simple. First, XNTH becomes
XML (and correspondingly, SKNTH and DKNTH become SKNM1 and DKNM1). Then,
if XNM2 was input, the new value of XNTH to be used becomes XNM2. Or, if
DKDX, the slope of the curve keff vs. X at X(O) , was input, the new value of
XNTH is computed using linear interpolation, as %%I\)/(Il + XN\M1.

On the second pass, linear interpolation is again used. XNMl, SKNMI,
and DKNM1 become XNM2, SKNM2, and DKNMZ; XNTH, SKNTH, and DKNTH become XNM1,
SKNM1, and DKNML; and the new value of XNTH is computed as g{O\JDI;/(ﬂ + XNM1,
where DKDX is the ratio (—s(wm%—%ﬂ) , the slope of the curve between
those points.

On any pass after the second, either linear or parabolic interpolation
can be used, and in either case the decision must be made as to which of the
old points (X, keff) should be saved. This decision is made in both cases
using the values of DKNTH, DKNMl, and DKNM2, which by their signs tell on
which side of the line through kég% the values of ke £f lie and by their mag-
nitudes tell the distance of these values from the line through ké(gf -

For linear interpolation, if the product DKNM2*DKNM1 is positive both
SKNM2 and SKNM1 lie on the same side of the line through kég)f . The closer
of them to the line through kéng is preserved in the (n-2) position, along
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with the corresponding values of X and ke ££ the values in the (n) position
are preserved in the (n-1) position; and the new value of XNTH is computed
as above.

If the product DKNM2*DKNM1 is negative, the root is bracketed between
them. Hence, if the product DKNM1*DKNTH is positive, their corresponding
keffls’ SKNM1 and SKNTH, lie on the same side of the line; the values in the
(n) position are preserved in the (n-1) position, and the values in the (n-2)
position are maintained. If the product DKNMI*DKNTH is negative, SKNTH must
be on the same side of the line as SKNM2; the values in the (n-1) position
are preserved in (n-2) and the values in (n) are preserved in (n-1). In
either case, having assigned these positions, the linear interpolation to
locate XNTH is performed as above.

For parabolic interpolation, the values of the three existing X's are
assigned to the X(3) array, with X(1) being the most recent, and the values
of the three keff's are similarly assigned to the Y(3) array. The subrou-
tine PARAB is called to return the coefficients a, b, and c thus determined
for the quadratic equation ax2+bx+c = kég)f =y, if parabolic interpolation
is feasible. If parabolic interpolation is not feasible because the points
are too close, a message to that effect is printed, and linear interpolation
is performed. Otherwise, the value of kég)f is subtracted from the third
coefficient c, to place the equation in standard quadratic form, and the dis-
criminant DISCRM, b2-4ac, is computed. If this is negative, again parabolic
interpolation is not feasible, and linear is performed.

If the discriminant is zero or 7ositive, the two roots are computed.

b +Vb*-dac b -Vb2-sac
a 2a £

If b < 0, ROOT1 is computed as 3 (iErh S50, SROQERES

This ensures that accuracy will not be lost if b and the discriminant are
nearly equal, by taking the larger of the two possibilities for the numerator
of the fraction. If the resulting ROOT1 is zero, ROOT2 is of course equal;
ROOT1 is preserved as XNP1. If ROOT1 is non-zero, ROOT2 is simply ﬁ'ﬁ_
from the quadratic equation; the closer of ROOT2 and ROOT1 to XNTH is pre-
served as XNP1.

The decision must then be made as to which two of the old points to pre-
serve. This is done on the basis of two products, DKNTH*DKNM1, and DKNM1*DKNM2.
If both are positive, the root is not bracketed; the latest two values are
preserved, (n-1) in the (n-2) position, and (n) in the (n-1) position, and
XNP1 becomes XNTH. If the first product is
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positive and the second negative, the root is bracketed and SKNTH and SKNM1
are on the same side of the line through kég% . If SKNTH is closer to the
line, the values in (n-2) are maintained, the (n) values are moved into the
(n-1) position, and XNTH becomes XNMl; if SKNML is closer, only the values
in the (n) position are changed, and XNP1 is moved into XNTH.

If both products are negative, the root is again bracketed, and SKNTH
and SKNM2 are on the same side of the line through kég% . If SKNTH is closer,
the (n-1) values are moved into the (n-2) position, the (n) values are moved
into the (n-1) position, and XNTH becomes XNP1. If SKNM2 is closer, the (n-1)
and (n-2) values are preserved in their locations, and XNTH is again set to
XNP1.

Finally, if the first product is negative and the second positive, the
root is bracketed with SKNMl and SKNM2 on the same side of the line through
kgg% . The closer of the two to the line is saved in the (n-2) position, the
(n) values are moved into the (n-1) position, and XNTH becomes XNP1.

On any pass, after the new value of X(n) has been calculated, the value
of the search parameter actually used in the search relation P(n) = P(n—l)
+ Y(H)GP, which is XY™ = x(™ . X(n_l), is computed, and the new
data is printed. The subroutine then checks to ensure that the new
x® is between the defined limits, XL < XNTH < XU, and if it is, returns
control to the calling program.

5. Subprograms called by this subroutine

PAGHED
PARAB

6. Subprograms calling this subroutine

D1DSCH

7.  Error messages generated by this subroutine

Message: *%%%*BOUNDS ON CONTROL PARAMETER EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE CHANGE

Significance: The search control parameter computed for the next pass
is not within the bounds set for the control parameter;
the condition XL < XNTH < XU is not met.

Action taken: Execution is terminated.
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Message:

Significance:

Action taken:

Subroutine CRT

PARABOLIC EXTRAPOLATION NOT FEASIBLE--LINEAR EXTRAPOLATION
USED

This is merely an information message. The user has specified
parabolic extrapolation, but it is not feasible, either be-
cause the denominator used in solving for the parabolic fit
by means of Cramer's rule is too small (< 1.0 « 10-8), in-
dicating that accuracy might be better with linear extrapola-
tion; because the quadratic coefficient a is near zero and
should not be used as a divisor; or because the discriminant

b2-4ac of the quadratic equation ax2+bx+c = kég)f =y is less

than zero.

Linear interpolation is used.

IN1 (NUMMY, NLGTH, NCRIT)

Entry Points
Entry CRTOT1
1. Arguments
Name Type Dimension Definition
NUMMY 1*4 NLGTH Array containing second record of
SP.CRIT for concentration search
NLGTH I*4 v Length of second record of SP.CRIT
NCRIT I*4 == Data set reference number for
SP.CRIT

ocks - None

225 Common B1

3. Local Variables - None

4, Functions

and tasks performed by this subroutine

This subr
dummy array fo

outine reads the second record of data set SP.CRIT into a
T a concentration search when CRTIN1 is called, and rewrites

the record from the array onto the data set when CRIOTI is called.
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5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

CRTIN1 is called by D1DSCH
CRTOT1 is called by D1DSCH

7. Error messages generated by this ‘subroutine - None

Subroutine CRTINZ (DUMMY, NL, NCRIT)
Entry Points

Entry CRTOT2

1. Arguments

Name Type Dimension Definition

DUMMY R*g NL Array containing second record of
SP.CRIT for dimension or buckling
search

NL I*4 -- Length of array in second record
of SP.CRIT

»

NCRIT 1*4 & Data set reference number for

SP.CRIT

2.  Common Blocks - None

3. Local Variables

Name Type Definition
NUM1 I*4 First integer in second record of SP.CRIT
NUM2 I*4 Second integer in second record of SP.CRIT

4. Functions and tasks performed by this subroutine

This subroutine reads the second record of data set SP.CRIT into two
integer locations and a dummy floating-point array for a dimension or buckling
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search when CRTIN2 is called, and rewrites the record from these locations
onto the data set when CRTOT2 is called.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

CRTIN2 is called by D1DSCH
CRTOT2 is called by D1DSCH

7. Error messages generated by this subroutine - None

Subroutine DELALF

1. Arguments - None

2 Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

FLT(3) ALPHA Inverse reactor time period a

FLT(64) DALPHA Alpha modifier 8o

FLT(65) XNTH Current value of search parameter Y(n)

(XBAR in SINGLE)

3% Local Variables - None

4. Functions and tasks performed by this subroutine

This subroutine modifies the value of the inverse reactor time period
o using the current value of the search parameter Y{n) for an alpha search.
o is modified according to the formula a™ = o1 + X(Wsq and the re-
sulting value is printed.
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5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

D1DSCH

7. Error messages generated by this subroutine - None

Subroutine DELBSQ (BSQ, DBSQ, REGHHT, EXTDIS, REGNAM, RMAX, *)

1.  Arguments

Name Type Dimension Definition

BSQ R*g RMAX*2 Buckling B% by region and direc-
tion

DBSQ R*8 RMAX*NIL Buckling modifiers 6B2 by region
and direction

REGHHT R*8 RMAX*2 Actual region half-heights (HL)r
by direction

EXTDIS R*8 RMAX*2 Extrapolation distance (Hr - (HL)r)
by region and direction

REGNAM R*8 RMAX Region names

RMAX I*4 —= Number of regions defined

-- -- Error return
2. Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

FLT(31) GEOM Geometry type 'RECTSLAB'
LCYLSLAR!
' CYLINDER'

' SPHERE'
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Name Local Name Definition

FLT(65) XNTH Current value of search parameter Y{n)
(XBAR in SINGLE)

INT(89) NIL Number of finite directions defined

3. Local Variables

Name Type Definition

CSLAB R*8 'CYLSLAB' for geometry type

DUMMY R*8 Dummy variable used for checking for
POINTR errors

BUCK2 R*8 Zve \/EE for recomputing actual half-

height HLr

4. Functions and tasks performed by this subroutine

This subroutine modifies the buckling B’ and the corresponding actual

region half-heights (H ) using the current value of the search parameter
™ for a buckling search

For any region r and direction n, if the buckling is zero (an original
buckling of zero indicates that the reactor is infinite for that region and

direction), no modification is performed. For a non-zero buckling, a modi-
2(m) _ Bi(g L4 x(“)sB
If the modified value of B is zero, the reglon -half-height is set to

fied value is computed accordlng to the equation B

.5 and the extrapolation distance to 0., according to the program conven-
tions. This region will not be modified on successive passes.

If the modified value of B? is not zero, the corresponding value of the
actual half-height of the reactor in that region and direction is computed.
For a rectangular slab or a cylinder, the new actual half-height is

(n)
(HL)gn% EE%ET-- (Hg?& = Gﬁ)g?% , Where Bﬁ?% = B2 ——T—j- is the new

3

extrapolated half-height, and (Hgoz - (HL)£0% is the extrapolation distance,

which remains constant throughout the problem. For a cylindrical slab, sim-

ilarly, (HL)£n) = E%%T - (H£O) - (HL)ﬁa) where o is the first zero of the
T

'

Bessel function J = 2.40482556.



The modified values of the buckling and actual region half-height, along
with the constant extrapolation distance, are then printed, along with the
region name and the direction number, where the first direction is trans-
verse and the second is axial.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
DUMP (entry in POINTR)
ERRMSG

6. Subprograms calling this subroutine

D1DSCH

7.  Error messages genmerated by this subroutine

Message: #%*%%A NEGATIVE VALUE HAS BEEN COMPUTED FOR BUCKLING
FOR REGION aaaaaa DIRECTION iii
BUCKLING = -x.x00oxExxx

ERROR NUMBER 1 IN SUBROUTINE DELBSQ
Significance: The negative buckling value printed has been generated
in the region named, where the direction number is 1 for

the transverse direction and 2 for the axial direction.

Action taken: Execution is terminated. .

Subroutine DELX (X, DX, DDX, IMAX, ¥)

1.  Arguments
Name Type Dimension Definition
X R*8 IMAX+1 Mesh line locations X
DX R*8 IMAX Mesh interval lengths AX
DDX R*8 IMAX Mesh interval length modifiers 6AX
IMAX T4 e Number of mesh intervals defined

» -- == Error return
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2. Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block
Name Local Name Definition
FLT(65) XNTH Current value of search parameter X{n)
(XBAR in SINGLE)
3. Local Variables
Name Type Definition

DUMMY R*8 Dumnmy variable used for checking for
POINTR errors

IMP1 1*4 IMAX+1 for number of mesh lines

4. Functions and tasks performed by this subroutine

This subroutine modifies the length of the X-dimension mesh intervals
and the corresponding locations of mesh lines using the current value of the
search parameter i(n) for an X-dimension search. The intervals are modified
according to the formula Axin) = Axgn_l) + Y(n)éAXi , and mesh line loca-

tions then become ngi = Xgn) + Axﬁn). The routine then prints mesh line

locations after modification.

5. Subprograms called by this subroutine

IPTERR (entry in POINTR)
ERRMSG

6.  Subprograms calling this subroutine

D1DSCH

7.  Error messages generated by this subroutine

Message: ***%*THE LENGTH OF THE iiiiTH INTERVAL IS NEGATIVE
INTERVAL LENGTH = -x.xxxxxxExxx

ERROR NUMBER 1 IN SUBROUTINE DELX



Significance:

Action taken:

The negative interval length value printed has been gen-
erated in the interval whose number is given.

Execution is terminated.

Subroutine DELXS (MODXS, FSCMP, DC, REM, NUFIS, CHI, SCTLIM, SCTLOC, SCIXS,
FISXS, QMPNAM, QMAX, FSCMAX, CHIDIM, SCIDIM, GMAX, IERR, *)

de AP
Name

MODXS

FSQMP

NUFIS

I

SCTLIM

SCTLOC

SCTXS

FISXS

CMPNAM

FSCMAX

CHIDIM

nts

T%4

1L

R*8
R*8

R*8

R*8
I*2

152

R*8
R*8
R*8
I*4

1*4

1*4

Dimension

MAX
CMAX

CMAX*GMAX
QMAX*GMAX
FSCMAX*GMAX

CHIDIM*GMAX
2%CMAX

CMAX*GMAX

SCTDIM*GMAX
FSCMAX*GMAX

Definition
Number of modifier composition for

each composition

Indices of fissionable compositions
in arrays dimensioned FSCMAX

Diffusion coefficients I%
Removal cross section op

Nu times fission cross section
Voo

glg

c

Maximun number of groups of upscat-
tering and of downscattering for
each composition

Fission spectrum yx

Location of scattering band for
each composition and group in
scattering array SCIXS

¥
Scattering cross section o% g
Fission cross section Of
Composition names

Number of compositions defined

Number of fissionable compositions
defined

First dimension of fission spectrum
array CHI
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Name Type Dimension Definition

SCTDIM T4 e First dimension of scattering
array SCTXS

GMAX L& = Number of groups defined

IERR I*4 -- Error flag 0-no error

1-6-a value or values
of specified cross
section became neg-
ative
1-diffusion coef-

ficient
2-removal cross
section
3-fission cross
section
4-v-of Cross sec-
tion
5-fission spectrum
6-scattering

* -- -- Error return
2. Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container; FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

FLT(65) XNTH Current value of search parameter X{n)
(XBAR in SINGLE)

INT(39) MTRCHI Fission spectrum array 0-x-vector
type 1-x-matrix

3. Local Variables

Name Type Definition
DUMMY R*8 Dummy variable used for checking for POINTR
errors

(¢ I*4 Index on original compositions



Name Type Definition

MODC 1*4 Modifier composition for given
composition C

NESQVP I*4 Position of composition C in fis-
sionable cross section arrays

LMl I*4 Lower 1limit of scattering band
for composition C, group G

LIM2 I*4 Upper limit of scattering band
for composition C, group G

LIMIM I*4 Lower 1limit of scattering band
for composition MODC, group G

LIMZM I*4 Upper limit of scattering band
for composition MODC, group G

4. Functions and tasks performed by this subroutine

This subroutine modifies all cross sections of compositions being mod-
ified, using the current value of the search parameter ')((n),for a concentra-
tion search. If MODXS(C) is zero, no modification is performed for composi-
tion C.

For the removal cross section, the modification is performed simply as

(n)
o - [t

for each group g, where c is the original composition and mc the modifier
composition.

For the diffusion coefficient, the transport cross section is in effect

modified:
(n-1)
I
(o n-1
i« ot

If the modifier composition is non-fissionable, no modification of
fission-related cross sections is attempted. If the modifier is fission-
able and the original composition is not, an error is flagged. For the
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case where both are fissionable, modification of the fission cross section
and of nu times the fission cross section is performed as follows:

-1)
(n L 1™

(n)
(CRH e (O 5
(n-1)

(n) -
[opt]” = [copf] "+ Vg

Modification of the fission spectrum for fissionable compositions is
1
somewhat more involved. For a x-matrix (Xg 8), modification is performed
over all groups g for a fixed g':

(n)

(n' 1) 1 (n) 1 (n) et 1 '
L R O i I [
' ()

i

Al
pae

[ e [op)

Bl ((v-cf)g

Here, the term in brackets is clearly the V+0 ¢ Cross section before mod-
(n-1)

ification on this pass, (v-cf)g . For a x-vector, the calculation is
similarly performed over all groups g for a fixed g':

(n-l) 1 (D) ] ()
G (Xg) ,[((V.gf)g ) K i(n)((v'of)g ) s ] + j(n)

gzl (n)

XﬁcJ(v'of)ﬁc

e
(veoge

Finally, for all modified compositions the scattering cross section is
modified within the band width specified for each composition and group. The
maximum number of groups of downscattering and of upscattering for the orig-
inal composition must be equal to or greater than the corresponding numbers

for the modifier composition, or the modification cannot be performed. The
equation for the modification is simply



3 )
EXN

SYL

(oglg)(n‘l) it Y(n)(cg'g)
c mc é

where g' runs along the band width of the modifier composition.

If any value or values of any cross section type become negative, the

IERR flag is set to the appropriate value. If more than one cross section
type becomes negative, the IERR flag is set to the number of the highest-

numbered type.

A non-zero value of the IERR flag will cause the composition

data to be printed and the search to be terminated.

5.

Subprograms called by this subroutine

ERRMSG

Subprograms calling this subroutine

D1DSCH

Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

*%%**NON-FISSIONABLE COMPOSITION CANNOT BE MODIFIED BY
A FISSIONABLE COMPOSITION
NON-FISSIONABLE COMPOSITION CAN BE MADE TO APPEAR
FISSIONABLE
BY ADDING ZERO VOLUME-FRACTION OF A FISSIONABLE
MATERTAL
ON TYPE 14 CARD OF DATA SET A.NIP

ERROR NUMBER 1 IN SUBROUTINE DELXS

Self-explanatory. Storage space for fission-related
cross-sections is not allocated unless the composition
appears fissionable.

Execution is terminated.

#%%#*NUMBERS OF GROUPS OF DOWN SCATTERING AND OF UP SCAT-
TERING FOR ORIGINAL COMPOSITION
MUST BE EQUAL TO OR GREATER THAN THOSE FOR MODIFIER
COMPOSITION
THIS CAN BE ACCOMPLISHED BY ADDING ZERO VOLUME-
FRACTION OF
MODIFIER COMPOSITION TO ORIGINAL ON TYPE 14 CARD OF
DATA SET A.NIP

ERROR NUMBER 2 IN SUBROUTINE DELXS
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Significance: Self-explanatory. Storage space for scattering for a
given composition and group is only as wide as the band

width.

Action taken: Execution is terminated.

Subroutine DIDSCH (IQUIT)

1.  Arguments
Name Type Dimension Definition
IQUIT I*4 = Flag returned to 0-execution of
path level NUC004 success-
ful
1l-execution of
NUC004 term-
inated abnor-
mally
2.  Common Blocks
/BLKSTR/BLK(1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition
FLT(1) PROB Problem type 'REAL'
' ADJOINT"'
"BOTH'
FLT(51) SEARCH Search type  'CONC' 'BSQ'
' XDIM' 'ALPHA'
'YDIM' 'XYDIM'
FLT(52) XNTH Current value of search control para-
meter, X(n)
FLT(53) XNM1 Previous value of search control para-
(n-1)

meter, X



Name Local Name
FLT(54) XNM2
FLT(55) DKDX
FLT(56) XL,
FLT(57) XU
FLT(58) KZERO
FLT(59) EPSSRC
FLT(66) DMOD
INT(7) KouT
INT(11) NMAX
INT(19) MAXBLK
INT(31) RMAX
INT(32) IMAX
INT(35) (MAX
INT(36) FSQMAX
INT(37) GMAX
INT(40) CHIDIM

Definition
Previous value of search control para-

meter, x(@-2)

Slope of curve keff vs. X at X(n)

Lower bound on search control parameter X
Upper bound on search control parameter X

Value of keff prescribed to be searched

(0)
toj, keff

Convergence criterion € on k for
S SCH eff

Modifier for search when only one is
necessary

Output print flag 0-don't print
search results
> 0-print search
results

Number of outer iterations in k-effective
calculation

Size of POINTR container array in bulk
storage

Number of regions defined
Number of mesh intervals defined
Number of compositions defined

Number of fissionable compositions de-
fined

Number of groups defined

First dimension of fission spectrum
array CHI
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Name

INT(41)

INT(58)

INT(81)

INT(82)

INT(83)
INT(84)

INT(88)
INT(89)
INT(94)

Local Name

SCTDIM

NRST

INTERP

NPASS
KSRCH

NFIN
NIL

KFLAG

3. Local Variables

Name
SPCRIT
XDIM
CONC
BSQ
ADJ
REAL
BOTH
TIMETL

Type
R*8
R*8
R*8
R*8
R*8
R*8
R*8

R*4

R*4

Definition

First dimension of scattering array
SCTXS

Number of first outer iteration at which
fluxes are to be written on FR.D1 or
FA.D1 in k-effective calculation

Maximum number of search passes

Interpolation type 1-linear
0 or 2-parabolic

Number of current search pass

Search type number 1-concentration
2-X-dimension
3-Y-dimension
4-buckling
5-a
6-X- and Y-

dimension

Number of finite geometry type
Number of finite directions defined
Type of variable pre- O—ke

scribed to be searched
e 1-a

£

Definition

'SP.CRIT' for SNIFF call
'XDIM' for search type
'CONC' for search type
'BSQ' for search type
'ADJOINT' for problem type
'REAL' for problem type
'BOTH' for problem type

Time remaining at beginning of module;
total time spent in module in minutes

Dummy argument to TLEFT



375

Name Type Definition
IPROB I*4 Problem type flag 0-'REAL' or
' ADJOINT'
1-"BOTH"'
NCRIT I*4 Data set reference number for SP.CRIT
N1 I*4 First data item in SP.CRIT (same as
KSRCH)
N2 1*4 Second data item in SP.CRIT
(data set convergence 0-not converged
flag) 1-converged
LSPR I*4 Length of specification record in SP.CRIT
IERR I*4 Error flag returned 0-no error
from DELXS > 0-a value or

values of some
cross section
became negative

IX 1*4 Convergence flag 0-not converged
returned from CHANGE 1-converged
N3 ) I* )
N4 I*4
NS I*4
N6 I*4 .
D7 R*8
D8 R*8
D9 R*8
P $ Third through sixteenth data items in
D10 R*8 SP.CRIT
D11 R*8
D12 R*8
D13 R*8
D14 R*8
D15 R*8

D16 J R
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Name Type Definition

LAST %4 Last location used in POINTR core con-
tainer array

LASTB I*4 Last location used in POINTR bulk con-
tainer array

4. Functions and tasks performed by this subroutine

This subroutine is the driver for the ARC System one-dimensional dif-
fusion theory search calculation module, NUC004.

It first reads the first record of data set SP.CRIT and then calls
DIDIN to perform the input of all other data sets required by the module.
(The input overlay is shared with the one-dimensional diffusion theory k-
effective and source calculation module, NUC002.) It then uses IPROB to
save the problem type if it is 'BOTH', and resets PROB so that to the calc-
ulation and output sections the type appears only as 'REAL' or 'ADJOINT'.

DIDSCH then calls SRCHIN to modify for use by this module the data
from the first record of SP.CRIT and to read the modifier data from the sec-
ond record of SP.CRIT, and sets up a dummy storage array (NUMMY for a con-
centration search, DUMMY for a buckling or dimension search) to be used in
copying the second record of SP.CRIT after each search pass. It determines
and prints the amount of POINTR container array space used.

The search pass execution is then begun. For each pass, the appropri-
ate modifying subroutine is called: DELX for an X-dimension search, DELXS
for a concentration search, DELBSQ for a buckling search, or DELALF for an
alpha search. (For a concentration search, if any value or values of any
cross section type or types become negative, PCOMP is called immediately
and execution is terminated.)

DIDCAL, the k-effective calculation driver (shared with NUC002), is
then called to perform a k-effective calculation using the modified data.
The search monitoring routine, CHANGE, is then called to compute monitoring
information and the new search modifier X and to test for convergence.

The data set SP.CRIT is then updated; the only values altered are N2,
N5, D11, D12, D13, and D14, which are replaced by IX, NPASS, XNTH, XNMl,
XNM2, and DKDX, respectively. ’

When the search has converged, or when the maximum number of search
iterations has been exceeded, the final version of modified data is printed
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if KOUT > 0 by calling PGEOM for a buckling or dimension search or PCOMP
for a concentration search, and the output section, D1DOUT (also shared
with NUC002) is called. WIPE is called to remove the output arrays from
the POINTR containers, and PURGE and PURGEB are called to pack the containers.

If the original problem type was 'BOTH', FLXIN is called to read a
user-supplied adjoint flux guess. If no adjoint flux guess is provided,
the latest real flux is used as the initial guess for the adjoint calculation.
DIDCAL and D1DOUT are then called again to perform an adjoint calculation.
In any case, WSRCH (shared with the two-dimensional diffusion theory search
module, NUC006) is then called to rewrite the data sets modified by the
search if desired: XS.C.MIN and B.HOMOG for a concentration search, or
GEOM for a buckling or dimension search.

5. Subprograms called by this subroutine

TLEFT (IBM routine) CHANGE

SNIFF (ARC System module) CRTIN1

PUTPNT (entry in POINTR) CRTOT1 (entry in CRTIN1)
IGET (entry in POINTR) CRTIN2

WIPOUT (entry in POINTR) CRTOT2 (entry in CRTIN2)
D1DIN PCQVP

SRCHIN PGEOM

ILAST (entry in POINTR) D1DOUT

ILASTB (entry in POINTR) WIPE

DELX PURGE (entry in POINTR)
DELXS PURGEB (entry in POINTR)
DELBSQ WSRCH

DELALF ERRMSG

D1DCAL FLXIN

6. Programs calling this subroutine

Main program for module NUC004

7. Error messages generated by this subroutine

Message: *****DATA SET SP.CRIT NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE D1DSCH

Significance: This data set could not be found by the ARC System rou-
tine SNIFF. This implies that it has not been written.

Action taken: Execution is terminated.

Message: **%**MAXIMUM NUMBER OF CONTROL PASSES EXCEEDED DURING
SEARCH

ERROR NUMBER 2 IN SUBROUTINE D1DSCH
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Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

The number of search passes NPMAX defined in data set
SP.CRIT has been exceeded, and k £f has not converged
according to the search criteriof.
Execution is continued as through problem had converged.
*%***ERROR ENCOUNTERED IN WRITING DATA SETS MODIFIED

BY SEARCH
ERROR NUMBER 2 IN SUBROUTINE D1DSCH
An error was encountered in updating either XS.C.MIN
and B.HOMOG or GEOM, depending on the type of search,
after the search.

Execution is terminated.

****XEXECUTION OF MODULE NUC004 HAS BEEN TERMINATED

An error has been encountered in the execution of the
module which made successful execution of the module
impossible.

The error flag IQUIT is set to 1 and control is returned
to the main program NUC004.

Main Program for NUC004

3 [ Arguments - None

2. Common Blocks - None

5% Local Variables - None

4. Functions and tasks performed by this program

This program is the dummy driver for the ARC System one-dimensional
diffusion theory search calculation module, NUCO04. It calls subroutine
DIDSCH, which is the actual driver for the module, and FREE, an entry point
in POINTR which frees storage space allocated in bulk (LCS) and main storage
by the module. It also serves to pass the error flag from DIDSCH to the

path level.
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5. Subprograms called by this program

D1DSCH
FREE (entry in POINTR)

6. Programs calling this program

This program is linked to by standard path STP001 and by any other
paths which use the ARC System one-dimensional diffusion theory search cap-
ability. The statement used to link to this program is CALL LINK('NUC004',
IQUIT).

7. Error messages generated by this program

No error messages are actually generated by this program. However, the
error flag IQUIT is passed through this routine to the path from the driver
subroutine DIDSCH. IQUIT has a value of 0 if execution of the search was
successful, and a value of 1 if execution of the module was terminated due
to some error condition. The path may test this flag before continuing to
execute other modules dependent on the result of this module.

Subroutine PARAB (X, Y, COEF, *)

1. Arguments
Name Type Dimension Definition
X R*8 3 Three values of X
3 4 R*8 5 Three corresponding values of ke £F
COEF R*8 3 Three quadratic coefficients re-
turned
L -- == Return used if parabolic inter-

polation is not feasible

2. Common Blocks - None
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3 Local Variables

Name Type Definition

DENOM R*8 Denominator determinant for Cramer's rule
A R*8 COEF (1)

B R*8 COEF(2)

& R*8 COEF(3)

4. Functions and tasks performed by this subroutine

This subroutine computes the coefficients a, b, and c of the quadratic
equation y = ax>+bx+c to give a parabolic fit for the three points (xl’yl)’
(xz,yz), and (XS’YS)’ using Cramer's rule.

The determinant forming the denominator of the solutions by Cramer's

rule is first calculated:

2
xl xl 1
DENM = | % x, 1
22
2
x3 X3 1

If the value of this determinant is less than 1.0 x 10_8, a parabolic fit
is not calculated, and the first return is used. If this denominator is
within range, computation of the coefficients a, b, and c is made according
to the equations

2 2

Ty (Fixd IE AN R A
= c 2 : 2

a = Y, X 1 b = X3 Y, il and ¢ = X X, Y,
2 2

Y5 *3 1l 2 ¥y AaE Xy oy

DENOM DENOM DENOM
Again, if the value of the first coefficient a is less than 1.0 x 10-8, the

first return is used, since this would involve dividing by a small number in
the calculation of the roots of the resulting quadratic equation.



5.

6.

7

Subprograms called by this subroutine - None

Subprograms calling this subroutine

CHANGE

Error messages generated by this subroutine - None

Subroutine RCORD1 (CNAME, N1, ¥)

5

4,

Arguments
Name Type Dimension
CNAME R*8 NCQMP
N1 1*4 --
* ot s
Common Blocks - None
Local Variables
Name Type
N3 I*4
A 3\
N4 I*4
NS 1*4
N6 I*4 >
N7 1%4
N8 115l
N9 1% J

Definition
Composition names

Data set reference number for
XS.C.MIN

Error return

Definition

Number of compositions defined, NCMP
(first data item on record 1 of XS.C.MIN)

Second through seventh data items on
record 1 of data set XS.C.MIN

Functions and tasks performed by this subroutine

This subroutine reads the composition names from the first record of
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XS.C.MIN. The other data items have already been preserved in the subrou-
tine WSRCH.

5. Subprograms called by this subroutine

ERRMSG

6. Subprograms calling this subroutine

WSRCH

7.  Error messages generated by this subroutine

Message: *****ERROR IN READING RECORD 1 OF XS.C.MIN ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD1

Significance: An error was encountered in attempting to read the first
record of this data set.

Action taken: Execution is terminated.

Subroutine RCORDZ (CHI, ISCHI, NGROUP, N1, *)

1. Arguments

Name Type Dimension Definition
(HI R*8 ISCHI*NGROUP Set-wide fission spectrum xg'g
ISCHI L1*4 -- Set-wide fission 0-no set-wide x
spectrum flag 1-set-wide x-
vector
NGROUP-set-wide x-
matrix
NGROUP 1*4 —= Number of groups defined
N1 I*q == Data set reference number for
XS.C.MIN

- gz : Error return

2% Common Blocks - None
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3. Local Variables - None

4, Functions and tasks performed by this subroutine

This subroutine reads the set-wide fission spectrum Xg'g’ if one is
present, from record 2 of data set XS.C.MIN.

5. Subprograms called by this subroutine

ERRMSG

6. Subprograms calling this subroutine

WSRCH

7. Error messages generated by this subroutine

Message: #***XERROR IN READING RECORD 2 OF XS.C.MIN ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD2

Significance: An error was encountered in attempting to read the
second record of this data set.

Action taken: Execution is terminated.

Subroutine RCORD3 (NUP, NDN, ICHI, NCMP, NGROUP, C, F, N1, *)

1. Arguments

Name Type Dimension Definition

NUP I%4 NCMP*NGROUP Number of groups of upscattering
for each composition and group

NDN I*4 NCMP*NGROUP Number of groups of downscatter-
ing for each composition and
group

ICHI 1*4 NQVP Composition -1-uses set-wide
fission spec- B
trum flag 0-non-fissionable

1l-uses own x-
vector

NGROUP-uses own x-
matrix
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Name Type Dimension Definition

NCQvP 1*4 -- Number of compositions defined

© 1*4 s Composition number

F 1%4 -- Fissionable composition index for
composition

N1 1*4 —- Data set reference number for
XS.C.MIN

& -- -- Error return

2.  Common Blocks - None
3. Local Variables - None

4, Functions and tasks performed by this subroutine

For each composition C, this subroutine reads the corresponding record
type 3 of XS.C.MIN, containing the composition fission spectrum flag and
the number of groups of upscattering and of downscattering for each group
for this composition. If ICHI is non-zero, indicating that the composition
is fissionable, F is updated to F+1.

5.  Subprograms called by this subroutine

ERRMSG

6. Subprograms calling this subroutine

WSRCH

7.  Error messages generated by this subroutine

Message: ****¥ERROR IN READING RECORD 3 OF XS.C.MIN FOR COMPOSI-
TION iii
ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD3
Significance: An error was encountered in attempting to read record

type 3 of this data set for the composition whose number
is given.

Action taken: Execution is terminated.




Subroutine RCORD4 (XA, XTOT, REM, XTR, FISXS, NUFIS, CCHI, SCTXS, PXNF,

3.

Arguments

Nane
XA
XTOT
REM
XTR
FISXS
NUFIS

CCHI

SCTXS

PXNF

DNCHI

CHI

NQvP

Type
R*8
R*8
R*8
R*8
R*8
R*8
R*8

R*8

R*8

R*8
I*4

I*4

1*4

R*8

1*4

Dimension
NCMP*NGROUP
NQVMP*NGROUP
NQP*NGROUP
NQUP*NGROUP
NFCMP*NGROUP
NECMP*NGROUP

NFCMP*NGROUP*
NGROUP

NCMP*NGROUP*
MAXSCT

NFCMP*NGROUP
if NFAM > 0
0 if NFAM = 0

NFQMP*NGROUP*
NEAM

NCMP*NGROUP

NCMP*NGROUP

NCMP

ISCHI*NGROUP

DNCHI, NUP, NDN, ICHI, CHI, NOMP, NGROUP, NFQWP, C, G,
F, N1, ISCHI)

Definition
Absorption cross section
Total cross section
Removal cross section
Transport cross section
Fission cross section
Nu times fission cross section

1
Fission spectrum, xg g
Total scattering into given group

Number of prompt neutrons per
fission times fission cross sec-
tion

Delayed neutron fission spectrum
»

Number of groups of upscattering
for each composition and group

Number of groups of downscatter-
ing for each composition and
group
Composition -1-uses set-wide
fission spec- X
trum flag 0-non-fission-
able
1l-uses own X-
vector
NGROUP-uses own x-
matrix
1
Set-wide fission spectrum x8 &,
if present

Number of compositions defined
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Name
NGROUP
NFQVP

N1

ISCHI

Type
1%4

1*4

1%4
%4

1*4

1#4

1*4

2. Common Blocks - None

- Local Variables

Name

Dimension

Definition
Number of groups defined

Number of fissionable composi-
tions defined

Composition number
Group number

Fissionable composition index
for composition C

Data set reference number for
XS.C.MIN

Set-wide fis- 0-no set-wide y
sion spectrum 1-set-wide x-
flag vector
NGROUP-set-wide x-
matrix

Error return

Definition
ICHI for given composition C

Scattering band width for given composi-
Eion

4, Functions and tasks performed by this subroutine

For a given group G and composition C, this subroutine reads the group
record, record type 4 of data set XS.C.MIN, according to the proper format.
Formats vary according to whether the composition is non-fissionable or fis-
sionable, whether it uses the set-wide fission spectrum or is assigned its
own, and whether prompt and delayed neutron data is present. All data items
are read in, and all will be modified for modified compositions. For a com-
position using the set-wide fission spectrum, the corresponding locations in
the CCHI array are set equal to the set-wide fission spectrum CHI.
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Subprograms called by this subroutine

ERRMSG

Subprograms calling this subroutine

WSRCH

Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

*%**%]1iTH GROUP RECORD FOR COMPOSITION NO iiii IS OUT
OF ORDER
GROUP NUMBER ON RECORD IS iiii

ERROR NUMBER 1 IN SUBROUTINE RCORD4
In reading the group records for the composition whose
number is given, an out-of-order record was encountered.
The first number is that of the group which was expected;
the last number is the group number appearing on the
record.
Execution is terminated.
***&XERROR IN READING RECORD 4 OF XS.C.MIN FOR COMPOSI-

TION iii

AND GROUP iiii ON DSRN iii
ERROR NUMBER 2 IN SUBROUTINE RCORD4
»
An error was encountered in attempting to read record
type 4 of this data set for the composition and group
whose numbers are given.
Execution is terminated.
#%*x%*COMPOSITION NO iii USES A SET-WIDE CHI
BUT NO SET-WIDE CHI IS GIVEN

ERROR NUMBER 4 IN SUBROUTINE RCORD4
No set-wide fission spectrum is defined on data set
XS.C.MIN, but the composition whose number is given
expects one.

Execution is terminated.
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Subroutine RDBSQ (DBSQ, RMAX, NCRIT, REGNAM, *)

1. Arguments
Name Type Dimension Definition
DBSQ R*8 RMAX*NIL Buckling modifiers 8B
RMAX I*4 == Number of regions defined
NCRIT I%4 -= Data set reference number for
SP.CRIT
REGNAM R*8 RMAX Region names
& == == Error return
2.  Common Blocks
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block
Name Local Name Definition

INT(89) NIL Number of finite directions defined

< Local Variables

Name Type Definition

RMX1 I*4 Number of regions defined in SP.CRIT

NIL1 1*4 Number of finite directions defined in
SP.CRIT

4. Functions and tasks performed by this subrouting

This subroutine reads the second record of data set SP.CRIT, defining
the modifiers DBSQ of the buckling by region and direction BSQ, for a buck-
ling search (record type 4 of SP.CRIT) and prints all modifiers, along with
the names of the regions modified.

5.  Subprograms called by this subroutine

ERRMSG



6. Subprograms calling this subroutine

SRCHIN
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7. Error messages generated by this subroutine

Message: *%&&*SP,CRIT B**2 MODIFIER DATA RECORD IS WRONG LENGTH

RMX1 = iiii

NIL1 = iiii

ERROR NUMBER 1 IN SUBROUTINE RDBSQ

Significance: One or both of the numbers determining the length of
the buckling modifier data record does not agree with
the corresponding number defined for the problem in data
set GEOM; RMX1 does not agree with RMAX, and/or NIL1
does not agree with NIL.

Action taken: Execution is terminated.

Subroutine RDCONC (MODXS, CMPNAM, QMAX, NCRIT, *)

1.  Arguments
Name Type Dimension
MODXS I1*4 MAX
CMPNAM R*8 CMAX
CMAX I1*4 ==
NCRIT I*4 &

2. Common Blocks - None

3. Local Variables - None

Definition

Number of modifier composition
for edch composition

Composition names
Number of compositions defined

Data set reference number for
SP.CRIT

Error return (not used)

4, Functions and tasks performed by this subroutine

This subroutine reads the second record of data set SP.CRIT, contain-
ing the numbers MODXS of the compositions modifying each composition, for
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a concentration search (record type 2 of SP.CRIT) and prints the names of
all compositions modified, along with the names of the modifying compositions.
For any composition C, if MODXS(C) is zero, the composition C is not modi-
fied in this problem.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

SRCHIN

7.  Error messages generated by this subroutine - None

Subroutine RDDDX (DDX, IMAX, NCRIT, %)

1.  Arguments
Name Type Dimension Definition
DDX R*8 IMAX Mesh interval modifiers, S6AX
IMAX I*4 -- Number of mesh intervals defined
NCRIT 4 = Data set reference number for

SP.CRIT

== =) Error return

Zee Common Blocks

/SINGLE/FLT(100), INT(100) Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name Definition

FLT(31) GEOM Geometry type 'CYLSLAB'
'RECTSLAB'
'CYLINDER'

' SPHERE'



3. Local Variables

Name Type
RSLAB R*8
CYL R*8
SPH R*8
CSLAB R*8
IMX1 I*4
NDUM 1*4

Se4

Definition
'RECTSLAB' for geometry type
'CYLINDER' for geometry type
'SPHERE' for geometry type
'CYLSLAB' fqr geometry type

Number of mesh intervals defined in
SP.CRIT

Dummy variable used to read number of
j-direction mesh intervals

4. Functions and tasks performed by this subroutine

This subroutine reads the second record of data set SP.CRIT, contain-
ing the modifiers DDX of the mesh intervals DX, for an X-dimension search
(record type 3 of SP.CRIT) and prints all non-zero modifiers, along with
the numbers of the intervals to be modified.

5. Subprograms called by this subroutine

ERRMSG

6. Subprograms calling this subroutine

SRCHIN

7.  Error messages generated by this subroutine

Message: **%**SP ,CRIT DX MODIFIER DATA RECORD IS WRONG LENGTH

ERROR NUMBER 1 IN SUBROUTINE RDDDX

Significance: The number of mesh intervals IMX1 defined in data set
SP.CRIT does not agree with the number IMAX defined for
the problem in data set GEOM.

Action taken: Execution is terminated.
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Subroutine RDGEOM (XMESH, YMESH, MR, MC, NC, NRA, NSB, B, H, EX, RNAME,
CNAME, AREA, ZONE, NPTI, NPTJ, NINTI, NINTJ, NREG, NOVP,
NAREA, LAREA, NZONE, LZONE, NIL, N3)

Entry Points

Entry WIBSQ (B, H, EX)

Entry WIDIM (XMESH, YMESH)

1. Arguments

Name

XMESH

YMESH

NC

NRA

NSB

EX

RNAME

g
R*8

R*8
I*4
I*4

1%4
1%4

&4

R*8

R*8

R*8

R*8

Dimension

NPTI
NPTJ
NINTI*NINTJ
NINTI*NINTJ

NREG
LAREA

LZONE

NREG*NIL

NREG*NIL

NREG*NIL

NREG

Definition
I-direction mesh line locations
(X in BLK array for WIDIM entry for
X-dimension or XY-dimension search)
J-direction mesh line locations
(Y in BLK array for WIDIM entry for
Y-dimension or XY-dimension search)
Region-to-mesh correspondence
Composition-to-mesh correspondence

Composition-to-region correspondence

Entire contents of record typme 6 (area
definition)

Entire contents of record type 7 (zone
definition)

Buckling B2 by region and direction
(BSQ in BLK array for WIBSQ entry
for buckling search)

Actual half-height (HL) by region
i

and direction (REGHHT in BLK array
for WIBSQ entry for buckling search)
Extrapolated half-height Hr by

region and direction (EXTDIS in
BLK array for WIBSQ entry for
buckling search)

Region names



Name

ZONE
NPTI

NPTJ

NINTI

NINTJ

NREG

NoMP
NAREA

NZONE
LZONE
NIL

N3

Type

Dimension

R*8
R*8
R*8
I1*4

I*4
I*4
1#4
I*4
I%4
1%4
1%4
1%4
1#4

I%4

1*4

NCMP
NAREA

NZONE

2.  Common Blocks - None

3. Local Variables - None

508

Definition
Composition names
Area names

Zone names

Number of I-direction mesh lines
defined

Number of J-direction mesh lines
defined

Number of I-direction mesh
intervals defined

Number of J-direction mesh
intervals defined

Number of regions defined
Number of compositions defined
Number of areas defined

Length of area record (type 6)
Number of zones defined
Length of zone record (type 7)

Number of finite directions
defineds

Data set reference number for
GEOM

4. Functions and tasks performed by this subroutine

RDGEOM reads whatever record types 2-9 are present from data set
GEOM for an X-dimension, Y-dimension, XY-dimension, or buckling search.
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Entry WIBSQ is used only after a buckling search. Its arguments are
the modified buckling data produced by the program. The extrapolated half-
height used by the data set is set up as the sum of the modified actual
half-height and the original extrapolation distance used by the program,
and the data set is rewritten.

Entry WIDIM is used after a dimension search. For an X-dimension
search, the contents of XMESH are the values modified by the program; for
a Y-dimension search, YMESH is replaced by the corresponding program
array; and for an XY-dimension search, both sets of mesh lines contain

the new values. The data set is rewritten using these values.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

RDGEOM is called by WSRCH
WIBSQ is called by WSRCH
WIDIM is called by WSRCH

7. Error messages generated by this subroutine - None

Subroutine SRCHIN (NCRIT, *)

1z Arguments
Name Type Dimension Definition
NCRIT I*4 == Data set reference number for SP.CRIT

£ == -- Error return

2 Common Blocks

/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains 100 I*4 words
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Variables used from this common block

Name
FLT (3)

FLT(51)

FLT(52)

FLT (54)

FLT (55)
FLT(56)

FLT(57)

FLT(58)

FLT(59)

FLT(64)
FLT(65)

FLT(66)

INT(2)

Local Name

ALPHA
SEARCH

XNTH

XNM2

DKDX
XL

KZERO

EPSSRC

DALPHA

XBAR

DMOD

KINOPT

Definition

Inverse reactor time period o

Search type 'CONC' 'BSQ'
'XDIM' ' ALPHA'
'YDIM' 'XYDIM'

Current value of seach control parameter
x (™)

Previous value of search control

parameter, x-2)

(0
Slope of curve keff vs. X at X

Lower bound on search control parameter
X

Upper bound on search control parameter
X

Value of keff prescribed to be searched to,

0)
kogf

Convergence criterion egq, on keff for
search

Modifier for alpha search, é&a

Value of X™ used in previous search
pass: p(m) _ P(n-1) + x™.sp

Modifier for search when only one is
necessary

Kinetics option 0 - no kinetics
2 - delayed data
for alpha

calculation
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Name Local Name Definition
INT(31) RMAX Number of regions defined
INT(32) IMAX Number of mesh intervals defined
INT(35) MAX Number of compositions defined
INT(81) NPMAX Maximum number of search passes
INT(82) INTERP Interpolation type 1 - linear
0 or 2 - parabolic
INT (83) NPASS Number of current search pass
INT (84) KSRCH Number of search type - concentration

il

2 - X-dimension
3 - Y-dimension
4 - buckling
5
6

i
= X- and -
dimension
INT (89) NIL Number of directions of finite geometry
defined
INT (94) KFLAG Type of variable pre- s keff
scribed to be searched T
to
3. Local Variables
Name Type Definition
SCHTYP(6) R*8 Six search types, corresponding to
values of KSRCH (6A8)
XDIM R*8 'XDIM' for search type
YDIM R*8 'YDIM' for search type
XYDIM R*8 'XYDIM' for search type
CONC R*8 'CONC' for search type

BSQ R*8 'BSQ' for search type
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Name Type Definition

ALF R*8 'ALPHA' for search type

PRES(2) R*8 Name of variable 'K-EFF!
prescribed to be 'ALPHA'

searched to

4. Functions and tasks performed by this subroutine

This subroutine controls the modification of data in the first record
of data set SP.CRIT to the form in which it is used by the one-dimensional
diffusion theory search calculation, and the reading of the modifier data
from the second record of SP.CRIT, if present.

SRCHIN first sets up SEARCH as SCHTYP(KSRCH) and initializes XBAR as
XNTH. It then prints the type of variable prescribed, keff er o. If o
is prescribed, ALPHA is set to the value of o prescribed, and KZERO, the
value of keff to be searched to, is set to 1.0. Following this, the re-
mainder of the description of the problem contained in the first record of
SP.CRIT is printed.

For an X-dimension search, SRCHIN then calls RDDDX to read the DX
modifiers, DX, from the second record of SP.CRIT; for a concentration
search, RDCONC is called to read the number of the modifier composition
for each composition; and for a buckling search, RDBSQ is called to read
the p? modifiers, GBZ. For an alpha search, the alpha modifier éa is set
up from the value of DMOD in the first record gk SP.GRITC

5. Subprograms called by this subroutine

PAGHED

PUTPNT (entry in POINTR)
IGET (entry in POINTR)
RDDDX

RDCONC

RDBSQ

ERRMSG

6. Subprograms calling this subroutine

DIDSCH
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7.  Error messages generated by this subroutine

Message: ***x&XALPHA SEARCH TYPE AND SEARCH TO PRESCRIBED ALPHA
HAVE BEEN SPECIFIED

ERROR NUMBER 1 IN SUBROUTINE SRCHIN

Significance: A prescribed value of alpha has been input, and the
search quantity to be modified is also alpha.

Action taken: Execution is terminated.

Message: *****SEARCH TYPE NOT RECOGNIZED. TYPE=iiii
ERROR NUMBER 2 IN SUBROUTINE SRCHIN

Significance: A search type KSRCH not between 1 and 6, inclusive,
has been input. KSRCH is printed.

Action taken: Execution is terminated.

Message: **%%*TWO-DIMENSIONAL SEARCHES NOT ALLOWED. TYPE=aaaaaaaa
ERROR NUMBER 3 IN SUBROUTINE SRCHIN

Significance: A Y-dimension search or an X- and Y-dimension search
(KSRCH = 3 or 6) has been specified.

Action taken: Execution is terminated.

Subroutine UDBHMG (N1, V1, N2, V2, MC, MX, DM, DC, DIMIX, ATMDEN, MSPEC,
DITBL, DMIBL, MCNEW, NB, IEOF)

1. Arguments

Name Type Dimension Definition

N1 R*8 NCMP*NMAT Work space for setting up new
DMMIX table for update of B.HOMOG

V1 R*8 NCMP*NMAT Work space for setting up new
VOLFRC table for update of B.HOMOG



Name

N2

V2

MC

DIMIX
ATMDEN
MSPEC

DITBL

DMIBL

MCNEW

IEQOF

R*8

R*8

1*4

1*4

R*8

R*8

R*8
R*8

I*4

R*8

R*8

R*8

I*4

I*4

Dimension

MCSLTH

MCSLTH

NCMP

NMAT

NCMP

MSLTH
MSLTH
NMAT

NISO2

NMAT

MaMP

399
Definition
Material mix table from B.HOMOG
(DMMIX in BLK array)

Volume fraction table from B.HOMOG
(VOLFRC in BLK array)

Number of materials in each com-
position, from B.HOMOG (MCSPEC in
BLK array)

Number of modifier composition for
each composition, from SP.CRIT
(MODXS in BLK array)

List of all materials used from
B.HOMOG (DMTBL in BLK array)

List of all compositions used, from
B.HOMOG (DCTBL in BLK array)

Isotope mix table, from B.HOMOG
Atomic density table, from B.HOMOG

Number of isotopes in each material,
from B.HOMOG

List of all isotopes used, from
B.HOMOG

List of,all materials used, from
B.HOMOG

Work space for setting un new
MCSPEC table after concentration
search

Data set reference number for
B.HOMOG

Flag for number 0 - four records
of records in 1 - two records
B.HOMOG
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2.  Common Blocks

/SINGLE/FLT (100) , INT(100)

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name Local Name
FLT(52) XNTH
3% Local Variables

Name Type
BLANK R*8
MSLTH 1%4
NMAT %4
NISO2 I1%4
MCSLTH I*4
NCMP %4
I T&4
L2 1*4
15 1*4
LL1 1*4

Definition

Search control parameter X(n)

Definition

A word containing eight blanks, used for
wiping out duplicate names and for com-
parisons

Length of isotope mix tables
Number of materials

Number of isotopes used
Length of material mix tables
Number of compositions

Location of first material assigned to
composition C in N2 and V2 during packing;
in N1 and V1 during updating

Location of last material assigned to
composition C in N2 and V2 during
packing; in N1 and V1 during updating

Number of position in N2 and V2 into
which a given member of N2 and V2 is
moved during packing; location of first
material assigned to composition C in
N2 and V2 during updating

L2-1 during packing; L1-L3, and location
of first material assigned to composition
MMX in N2 and V2, during updating



Name

LL

M1

L4

LL3
L5

LLS

NN2

I*4

1*4

1*4

1*4
1*4

1*4

I*4

I*4

R*8
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Definition

Location in N2 of next name after a name
found to be non-blank during packing;
original number of materials assigned to
composition C during updating

Number of materials assigned to composition
C, MC(C), during packing; MMX-1 during
updating

Location of last material assigned to
composition C in N2 and V2 during
updating

Same as L4

Location in N1 and V1 for element being
moved from N2 and V2

Number of composition modifying composition
C, MX(C), during search (if MMX=0, C is
not modified)

Number of materials assigned to modifier
composition MMX

Location of last material assigned to
modifier composition MMX in N2 and V2
during updating

Name of material assigned to modifier
composition MMX which is being compared
to names of materials assigned to C,
from N2

4. Functions and tasks performed by this subroutine

This subroutine updates data set B.HOMOG after a concentration search.
It first reads the four records of B.HOMOG (or two records if only two are
present, indicating possible direct isotope-to-composition assignment) .

UDBHMG then 'packs'" the existing material mix table N2 and volume
fraction table V2, to eliminate duplicate material names. For each com-
position, the subroutine scans the material mix table. When a non-blank

name is found, it scans the remaining names for duplicates.

If any duplicate
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names are found, it adds the volume fraction of the duplicate into the
location of the first occurrence, and blanks the duplicate name. After
doing this for all compositions, it packs the tables by eliminating all
positions in N2 and V2 corresponding to blank names and updates MC, the
number of materials per composition, to reflect the change.

The subroutine then proceeds to update the data into the corresponding
working arrays N1, V1, and MCNEW. After setting up the appropriate indices
for each composition C, it checks whether C was modified during the search.
If not, the original material mix table and volume fraction table are
copied into the appropriate locations in N1 and V1 as they are. If C is
modified by some modifier composition MMX, the subroutine scans the table
of materials present in MMX. For each, it scans the table of materials
present 1n C. When a match 1s found, the volume fraction of the material
in C 1is updated by adding it to the product of the search parameter XNTH
and the volume fraction of the material in MMC. If no match is found, the
material has not previously been present in C; its name is added to the
updated mix table, with a corresponding volume fraction of XNTH times the
volume fraction of the material in MMC, and the updated number of materials
assigned to C, MANDW(C), is incremented by one. After each composition
has been updated the length of the material mix tables, MCSLTH, is also
updated appropriately.

After all compositions have been updated in the working mix tables
N1, V1, and MCNEW, the entire B.HOMOG data set is rewritten to include
the changes. A message to this effect is printed, and the updated mix
tables for each composition modified are also displayed.

5.  Subprograms called by this subroutine

SQUEZE (ARC System module)
PAGHED

6. Subprograms calling this subroutine

WSRCH

7.  Error messages generated by this subroutine - None
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Subroutine UPDTXS (XA, XTOT, REM, XTR, FISXS, NUFIS, CCHI, SCTXS, PXNF,
DNCHI, MODXS, FSCMP, ICHI, NQMP, NGROUP, NFCMP, MAXSCT,

ISCHI)
1. Arguments
Name Type Dimension
XA R*8 NCQMP*NGROUP
XTOT R*8 NCMP*NGROUP
REM R*8 NCMP*NGROUP
XTR R*8 NCMP*NGROUP
FISXS R*8 NFCMP*NGROUP
NU%IS R*8 NFCMP*NGROUP
CCHI R*8 NFCMP*NGROUP*
NGROUP
SCTXS R*8 NCMP*NGROUP*
MAXSCT
PXNF R*8 NFCMP*NGROUP
if NFAM > 0
0 if NFAM = 0
DNCHI R*8 NFCMP*NGROUP*
NFAM
MODXS 1*4 NCMP
FSQvVP 172 NCMP
ICHI 1*4 NCMP

NCMP

1*4

Definition
Absorption cross section
Total cross section
Removal cross section
Transport cross section
Fission cross section
Nu times fission cross section

1
Fission spectrum x& 8

Total scattering into
given group

Number of prompt neutrons per
fission times fission cross
section

Delayed neutron fission spectrum
»

Number of modifier composition
for each composition

Indices of fissionable com-
positions in arrays dimensioned
NFCMP

Composition fis- -1 - uses set-
sion spectrum flag wide x
0 - non-fission-
able
1 - uses own
x-vector

NGROUP - uses own y-matrix

Number of compositions defined
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Name
NGROUP
NECMP

MAXSCT

ISCHI

Type
I*4

1.7

iEalt

1%4

2.  Common Blocks

/SINGLE/FLT(100), INT(100)

Dimension Definition

Number of groups defined

Number of fissionable compositions
defined

Maximum scattering band width over
all compositions

Set-wide fission 0 - no set-wide

spectrum X
1 - set-wide x-
vector
NGROUP - set-wide y-
matrix

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4 words

Variables used from this common block

Name

FLT(52)
INT (44)

Local Name

XNTH
NFAM

3.  Local Variables

Name

MODC

NF

ICHC

MODF

Type
I*4

1*4

I*4

1%4

Definition
Final value of search parameter X(n)

Number of families defined

Definition

Number of modifier composition cor-
responding to composition C

Fissionable composition number corres-
ponding to composition C

ICHI for composition C

Fissionable composition number corres-
ponding to composition MODC



4. Functions and tasks performed by this subroutine

This subroutine updates all of the data in composition blocks of data
set XS.C.MIN for modified compositions following a concentration search.
For the absorption cross section, total cross section, transport cross
section, and scattering cross section, and for the fission cross section
and the nu times fission cross section, if present, the modification is
simply

st] ™ = (st

where XSg represents the cross section for the composition c being modified

© + )((n) . xs8
mc

s

and the group g, and XSg the corresponding value for the modifier composi-
tion.

For a fissionable composition, the fission spectrum is modified as
follows for the case of a x-matrix, computing xg'g over all g for a given

g'

151 (0) 11 (0) ' '
K o [xe'g) ((wf)i ) ; X(n)lxﬁcg)l“"’f)ic
(xc ) 3 2 ,)(n)

((Wf)i

For a x-vector, the modification is similar:

© (0 ;
S g ((Wf)i ) » X[ |(vrog]
(X ) = g | @
(=o'

If prompt and delayed neutron data are present, the number of prompt neu-
trons times fission cross section is modified simply as

((\,p.cf)i)(“)

The delayed neutron fission spectrum is modified analogously to the fission

[vpog)® ) e

spectrum x:

405
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(0) 10 :
el ([roal®] F X el [l

(n)
(Xg,f)

[opree]®

Subprograms called by this subroutine - None

Subprograms calling this subroutine

WSRCH

Error messages generated by this subroutine - None

Subroutine WRCRD1 (CNAME, N3, N4, N5, N6, N7, N8, N9, N2)

I

Arguments
Name Type Dimension Definition
CNAME R*8 NQVP Composition names
N3 I%4 == Number of compositions defined,

NCMP (first data item on record 1

of XS.C.MIN)

N4 0 1*4} W

NS 1*4 =

N6 T84 == Second through seventh data items
on record 1 of data set XS.C.MIN

N7 I*4 =

N8 1% --

N9 1*4J -~

N2 1*4 = Data set reference number for

XS.C.MI1



2. Common Blocks - None

3, Local Variables - None

4. Functions and tasks performed by this subroutine

This subroutine writes record 1 of data set XS.C.MIN on data set

XS.C.MI1 following a concentration search. The contents of this record

are not modified during the search.

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

WSRCH

7. Error messages generated by this subroutine - None

Subroutine WRCRD2 (CHI, ISCHI, NGROUP, N2)

1.  Arguments

Name
CHI

ISCHI

NGROUP
N2

2. Common Blocks -

R*8

%4

I*4

1#%4

Dimension
ISCHI*NGROUP

None

Definition
1
Set-wide fission spectrum x& &
Set-wide fission 0 - no set-wide x
spectrum flag 1 - set-wide x-
vector
NGROUP - set-wide x-
matrix

Number of groups defined

Data set reference number for
XE5L G MIT
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3. Local Variables - None

4. Functions and tasks performed by this subroutine

This subroutine rewrites record 2 of data set XS.C.MIN, the set-wide
fission spectrum Xg'g’ if present, on data set XS.C.MI1 following a con-
centration search. The set-wide fission spectrum is not modified during
the search; if it was used by any composition modified, that composition
will be written with an individual fission spectrum.

5.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine - None

7.  Error messages generated by this subroutine - None

Subroutine WRCRD3 (NUP, NDN, ICHI, NCMP, NGROUP, C, F, N2)

1. Arguments
Name Type Dimension Definition
NUP I*4 NCMP*NGROUP Number of groups of upscattering
for each composition and group
NDN A NCMP*NGROUP Number of groups of downscattering
for each composition and group
ICHI Ji%4 NCMP Composition -1 - uses set-wide
fission spectrum 0 - non-fissionable
flag 1 - uses own x-
vector
NGROUP - uses own x-
matrix
NQVP I*4 - Number of compositions defined

NGROUP I#q = Number of groups defined
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Name Type Dimension Definition

& I1*4 == Composition number

F %4 =5 Fissionable composition index for
composition C

N2 )i == Data set reference number for
XS.C.MI1

2.  Common Blocks - None
3. Local Variables - None

4. Functions and tasks performed by this subroutine

For each composition C, this subroutine rewrites the type 3 record
of data set XS.C.MIN on data set XS.C.MI1 following a concentration search.
The only data item on this record which may have been modified after the
search is the fission spectrum flag ICHI; a modified composition which
originally used the set-wide fission spectrum (ICHI = -1) is now assigned
its own fission spectrum (ICHI = 1 or ICHI = NGROUP).

5. Subprograms called by this subroutine - None

6. Subprograms calling this subroutine 5

WSRCH

7. Error messages generated by this subroutine - None
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Subroutine WRCRD4 (XA, XTOT, REM, XTR, FISXS, NUFIS, CCHI, SCIXS, PXNF,
DNCHI, NUP, NDN, ICHI, NCMP, NGROUP, NFQWP, C, G, F,

1. Arguments

Name

XTOT

XTR
FISXS
NUFIS
CCHI

SCIXS

PXNF

DNCHI

NDN

IGHI

NCMP

NGROUP

R*8
R*8
R*8
R*8
R*8
R*8

R*8

R*8

R*8

R*8

g

1*4

I*4

%4

i

N2)

Dimension
NCQMP*NGROUP
NQVP*NGROUP
NQVMP*NGROUP
NQVP*NGROUP
NFCMP*NGROUP
NFQVP*NGROUP

NFCMP*NGROUP*
NGROUP

NQMP*NGROUP*
MAXSCT

NFCMP*NGROUP
if NFAM > 0
0 if NFAM = 0

NFCMP*NGROUP*
NFAM
NCMP*NGROUP

NCMP*NGROUP

NQVP

Definition
Absorption cross section
Total cross section
Removal cross section
Transport cross section
Fission cross section
Nu times fission cross section

1
Fission spectrum Xg g
Total scattering into given group

Number of prompt neutrons per
fission times fission cross
section

Delayed neutron fission spectrum

Number of groups of upscattering
for each composition and group

Number of groups of downscattering
for each composition and group

Composition -1 - uses set-wide
fission spectrum 0 - non-fissionab:
1 - uses O
vector
NGROUP - uses own x-
matrix

Number of compositions defined

Number of groups defined



Name Type Dimension
NFQMP I*4 --
G 1%*4 i
G 1*4 e
F 1*4 =
N2 I1*4 ==

2.  Common Blocks

/SINGLE/FLT (100) , INT(100)

Variables used from this common block
Name Local Name

INT (44) NEAM

3. Local Variables

Name Type
ICHC %4
NSCAT 1%4
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Definition

Number of fissionable compo-
sitions defined

Composition number
Group number

Fissionable composition index
for composition C

Data set reference number for
XS.C.MI1 (output composition
data set)

Single variable container: FLT
contains 100 R*8 words, and INT
contains 100 I*4

Definition

Number of families defined

Definition

ICHI for given composition

Maximum scattering band width for given

composition

4. Functions and tasks performed by this subroutine

For a given group G and composition C, this subroutine writes the
group record, record type 4 of data set XS.C.MIN, on data set XS.C.MI1

according to the proper format.

Formats vary according to whether the

composition is non-fissionable or fissionable, whether it uses the set-
wide fission spectrum or is assigned its own, and whether prompt and delayed
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neutron data is present. If composition C was modified during a con-
centration search, all data written out represents the modified values.

S.  Subprograms called by this subroutine - None

6. Subprograms calling this subroutine

WSRCH

7. Error messages generated by this subroutine - None

Subroutine WSRCH (IERR)

1. Arguments

Name Type Dimension Definition

IERR 1] e Error flag 0 - no error in
returned writing data
set
IS e rrara)
writing data

set
2.  Common Blocks
/BLKSTR/BLK (1) POINTR dynamic storage container
array
/SINGLE/FLT(100), INT(100) Single variable container: FLT

contains 100 R*8 words, and INT
contains I*4 words

Variables used from this common block

Name Local Name Definition
FLT(51) SEARCH Search type 'CONC! tRSQ!
'XDIM* 'ALPHA'

'YDIM' 'XYDIM'



5.

Name

INT(17)

INT(19)

INT (44)

Local Name

SCHOPT

MAXBLK

NFAM

Local Variables

Name
XsC
XSCSH
CONC
ALF
GGEOM
BSQ
YDIM
XDIM
N1

N2

NQMP
NGROUP
ISCHI

NECMP

Type
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8

1*4

I*4

1%4
1%4
1%4

I*4

Definition

Data set writing option 0 - update data

set
1 - don't update
data set

Size of POINIR container array in bulk
storage

Number of families of delayed data

Definition

'XS.C.MIN' for SNIFF call
'XS.C.MI1"' for SNIFF call
'CONC' for search type
'ALPHA' for search type
'GEOM' for SNIFF call

'BSQ' for search type
'YDIM' for search type
'XDIM' for search type

Data set reference number for XS.C.MIN
(input composition data set)

Data set reference number for XS.C.MI1
(output composition data set)

Number of compositions defined

Number of groups defined

Fission spectrum flag 0 - no set-wide x
1 - set-wide x-
vector
NGROUP - set-wide x-
matrix

Number of fissionable compositions
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Name

MAXDN

MAXSCT

LAST1

LASTB1

MSLTH

NMAT

NISO2

IEOF

MCSLTH

LAST?2

LASTB2

N3

I*4

I*4

I1*4

1)

I*4

150]

1*4

1*4

I*4

1*4

R*8

1%4

Ti#0

1%4

I*4

1*4

Definition

Maximum number of groups of upscattering
over all compositions

Maximum number of groups of downscattering
over all compositions

Maximum scattering band width over all
compositions

Number of fissionable compositions after
each composition block has been processed

Last location used in POINTR core container
array for update of XS.C.MIN or GEOM; also
maximum of LAST1 and LAST2 for concentration
search

Last location used in POINTR bulk container
array for update of XS.C.MIN or GEOM; also
maximum of LASTB1 and LASTB2 for concentra-
tion search

Data set reference number for B.HOMOG

Length of material mix table in record type 2
of B.HOMOG

Number of materials, from records 1 and 3 of
B.HOMOG

Number of isotopes in list in record type 2
of B.HOMOG

Dummy variable for skipping record type 2

0 - four records

Flag for number of
1 - two records

records in B.HOMOG

Length of composition mix table in record
type 4 or 2 of B.HOMOG

Last location used in POINTR core container
array for update of B.HOMOG

Last location used in POINTR bulk container
array for update of B.HOMOG

Data set reference number for GEOM



Name Type Definition

NDIM I*4 Number of dimensions given in geometry

NGEOM I%4 Geometry type number

NPTI T4 Number of I-direction mesh lines defined

NPTJ i*4 Number of J-direction mesh lines defined

NINTI I*4 Number of I-direction mesh intervals
defined

NINTJ I*4 Number of J-direction mesh intervals
defined

NREG I*4 Number of regions defined

NAREA I*4 Number of areas defined

LAREA T4, Length of area record in GEOM

NZONE I*4 Number of zones defined

LZONE I*4 Length of zone record in GEOM

NFIN %2, Number of finite directions defined

NIL I*4 Number of finite geometry type

4. Functions and tasks performed by this subroutine

This subroutine controls the modifying of the data sets whose original
contents are altered during a diffusion search following completion of the
search. If the search option flag SCHOPT (in data set A.DIF1D or A.DIF2D)
is non-zero, or if the search type was alpha, no updating of data sets is
performed. Otherwise, for a concentration search, data sets XS.C.MIN and
B.HOMOG are updated; for a buckling or dimension search, GEOM is updated.
In both cases, the data set as modified by the search replaces the old data
56ty

For a rewriting of XS.C.MIN, the entire old data set is first read in,

using arrays set up for that purpose. The first record is read within this

subroutine, and storage is set up for the remainder of the data set. The
data set is rewound, and RCORD1 is then called to read the remainder of the



416

first record, the composition names. If a set-wide fission spectrum is
present, RCORD2 is then called to read it from the second record.

For each composition, then, RCORD3 and RCORD4 are called to read the
data on record types 3 and 4. Then UPDIXS is called to update this data
using the results of the search; for each composition modified, each cross
section is altered using the final value of the search parameter X and the
appropriate modifier composition. The resulting data is then written out
by calling WRCRD1, WRCRDZ (for a set-wide fission spectrum), and, for each
composition, WRCRD3 and WRCRD4. The amount of POINIR container array
space needed for the XS.C.MIN update is saved, unneeded arrays are wiped
out of the container arrays, and the container arrays are packed.

The material-to-composition assignments and the volume fractions in
data set B.HOMOG are also updated for a concentration search. The first
record of B.HOMOG is read, and storage arrays are set up for the contents
of the second record. An attempt is then made to read the third record.
If this attempt is successful, storage is set up for the contents of the
fourth record. If an end-of-file is encountered, B.HOMOG is rewound and
the first record is re-read in place of the third record. Storage for the
contents of the second record are set up as storage for the fourth record
above. WSRCH then calls UDBHMG to perform the actual updating of the data
set. Following this, the amount of POINTR container array space needed for
the B.HOMOG update is determined, and the maximum used for both undates is
printed.

If data set GEOM is to be updated, the first record is similarly read
within this subroutine, and storage for the remainder of the original data
is set up. The amount of POINTR container array space needed for the GEOM
update is determined and printed. RDGEOM is then called to read the rest
of the data set. Record 1 is then rewritten. Following this, for a buck-
ling search, entry WIBSQ of RDGEOM is called, and the updated buckling data
from the search replaces the old buckling data. For a dimension search,
entry WIDIM is similarly called, replacing the appropriate original arrays
with the corresponding results. In either case, the entry writes the re-
mainder of the data set.
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5. Subprograms called by this subroutine

SNIFF (ARC System Module) ILASTB (entry in POINTR
ERRMSG WRCRD1 )
PUTPNT (entry in POINTR) WRCRD2

REDEF (entry in POINTR) WRCRD3

IGET (entry in POINTR) WRCRD4

RCORD1 PURGE (entry in POINTR)

RCORD2 PURGEB (entry in POINTR)
RCORD3 UDBHMG

RCORD4 RDGEOM

UPDTXS . WIBSQ (entry in RDGEOM)

ILAST (entry in POINTR) WIDIM (entry in RDGEOM)

6. Subprograms calling this subroutine

D1DSCH

7.  Error messages generated by this subroutine

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

*****DATA SET XS.C.MIN COULD NOT BE UPDATED
DSRN FOR OLD=iiii DSRN FOR NEW=iiii

ERROR NUMBER 1 IN SUBROUTINE WSRCH

One of the two data sets could not be found by ARC

System routine SNIFF. This implies either that the
old one was not written or that the new one was not
set up. In practice, currently, both data sets have
the same data set reference number, since the old is

written over the new.
»

The IERR flag is set to 1 and execution is terminated.
*%*%*%%ERROR IN READING RECORD 1 OF XS.C.MIN ON DSRN iii

ERROR NUMBER 2 IN SUBROUTINE WSRCH

An error was encountered in attempting to read the
first record of this data set.

The IERR flag is set to 1 and execution is terminated.

ERROR NUMBER 3 IN SUBROUTINE WSRCH

An error was encountered in attempting to read some
record of data set XS.C.MIN.



418

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

The IERR flag is set to 1 and execution is terminated.

*****DATA SET GEOM NOT FOUND
ERROR NUMBER 4 IN SUBROUTINE WSRCH

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

The IERR flag is set to 1 and execution is terminated.

ERROR NUMBER 5 IN SUBROUTINE WSRCH

An end-of-file was encountered after the second record of
B.HOMOG. The data set was re-wound, and successive attempts
to re-read record 1 resulted in an end-of-file being read.
(This is highly unlikely.)

The IERR flag is set to 1 and execution is terminated.
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5. DIDSCH (NUC004) Common Block Descriptions

This section provides more detailed information about the /SINGLE/ common

block as it is used in the DIDSCH module. All other common blocks, except the

/BLKSTR/ common block described in section 6, are the same as for the DIF1D
module.

For the /SINGLE/ block, all members used are listed, together with their

local names, definitions, and lists of the subprograms in which the value of
the member is set or altered.
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/SINGLE/FLT (100) ,INT(100)

Subprograms
where values
Local are set
Name Name or modified
RIT () PROB RCDEP
D1DSCH
FLT(2) KEFF RFLUX
ENDOUT
(entry in
INDOUT)
FLT(3) ALPHA RCDEP
SRCHIN
DELALF
FLT(4) SETEPS RCDEP
FLT(5) PROBT RCDEP
FLT(6) MU RCDEP
FLT(11) = EPOFLX RCDEP

Definition
Problem type, deter- 'REAL'
mined from SP.CICN ' ADJOINT'
data 'BOTH'
Reset to '‘REAL'

'ADJOINT!

keff in k-effective calculations, read
from data set FR.D1 or FA.D1 and modi-
fied during iterations

Inverse reactor time period a, from

data set SP.CICN

Desired o for search to a prescribed
a, from data set SP.CRIT

Modified during a-search to a pres-

cribed keff

Convergence criterion eg for upscatter
iterations in k-effective calculation,
from data set A.DIF1D

IMAX
-1)
eV S Y O R
max =1 L £
G GMAX IMAX

2-1
I 255

G1 I=1

£E

S

Calculation type, 'K CALC', determined
from SP.CICN data

1. /kfjxeq for source calculations,

where k¢jyeq is read from data set
SP.CICN

Convergence criterion ef on sum of
absolute value of flux differences,
from data set A.DIF1D
GMAX IMAX
) ) |¢(n) 3 ¢(n-1)]
el fap T CheE

GMAX IMAX

) ) ¢(n)
[ =

for k-effective calculation




/SINGLE/ELT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set

Name Name or modified
FLT(12) EPSLAM RCDEP
FLT(13) EPSKEF RCDEP
FLT(14) AOUTER RCDEP
FLT(15) FLXMON RCDEP
FLT(31) GEOM RGEOM
BLR52) XL RMESH
FLT(33) XR RMESH
FLT(51) SEARCH SRCHIN

Definition

Convergence criterion ey on difference
of flux bounds, from data set A.DIF1D
G ylmly o

ST

)
=(n) _ max < 1,G

where A 1,G “TeT)
0
@) oW
n min -
and. & I,G <—(ﬁ—1
1,6

Convergence criterion ey on difference
in kggg, from data set A.DIF1D

(k(n) _ k(n'l)) = Ek

Interval shift factor a when applying
Chebyshev extrapolation, from data
set A.DIF1D

Flux monitoring ratio, used in comput-
ing FLXNGL (FLT(73)), from data sét
A.DIF1D

Geometry type 'CYLSLAB'
"RECTSLAB'
'CYLINDER'
' SPHERE '

Left reactor boundary, X(1), from
data set GEOM

Right reactor boundary, X(IMAX+1),
from data set GEOM

Search type, set up 'CONC*

from SP.CRIT data ' XDIM'
'YDIM!'
'BSQI
'ALPHA'
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
FLT(52) XNTH D1DSCH
CHANGE
FLT(53) XMl D1DSCH
CHANGE
FLT(54) XNM2 D1DSCH
CHANGE
FLT(55) DKDX D1DSCH
CHANGE
FLT(56) XL D1DSCH
ELT(57)" XU D1DSCH
FLT(58) KZERO D1DSCH
FLT(59) EPSSRC D1DSCH
FLT(60) SKNTH CHANGE
FLT(61) SKNM1 CHANGE
FLT(62) SKNM2 CHANGE
FLT(64) DALPHA SRCHIN
FLT(65) XBAR SRCHIN
CHANGE

Definition

Current valu? f search control
parameter, X\ (initially read from
data set SP.CRIT)

Previous vall(le o{ search control
parameter, X n-1 (initially read
data set SP.CRIT)

Previous vallfe S search control
parameter, X\1"4J) (initially read from
data set SP.CRIT)

Slope o:f the curve keff vs. X at the
point X n) for search (initially from
data set SP.CRIT)

Lower bound on search control parameter
X, from data set SP.CRIT

Upper bound on search control parameter
X, from data set SP.CRIT

Desired keff, kég};, for search to a
prescribed kqgf, from data set SP.CRIT

Convergence criterion egq O ke £f for
search

© . @ .
|k k | < ey

Current value of kg ¢f, ke(r%%, during
search

Previous value of Keff, kérfl;-D , during
search

Previous value of keff, kg%%z) , during
search

Modifier 8a for o search, from data
set SP.CRIT

Value of )E(n) used in previous search
pass relation

P(n) - P(n'l) P i(n) 5P
(initially, XBAR=XNTH)
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
FLT966) DMOD D1DSCH
FLT(71) POWIN RCDEP
FLT(72) FLXCVG RFLUX
ENDOUT
(entry in
INDOUT)
FLT(73) FLXNGL RFLUX
ENDOUT
(entry in
INDOUT)
INT(1) MKRTHY RCDEP
INT(2) KINOPT RCDEP
INT(3) LMAX RCDEP
INT(4) MAXSIZ RCDEP

Definition

Modifier for search when only one is
necessary, from data set SP.CRIT

Power normalization factor Py for
BURNUP calculation, used in writing
data set FR.PN, from data set A.DIF1D.
No power normalization performed if
POWIN=0 .

Sum of fluxes used in checking for

convergence

GMAX IMAX )

) ) o1 G for k-effective
Gl I=1 - calculation
GMAX IMAX

D) ¢£1é1) for k-effective cal-
: culation upscatter
iteration

Factor below which fluxes are neglected
in computation of flux bounds

7@ gng 2@

IMAX (n-1);,
I L el
FLXNGL=FLXMon*_ | &1 I=1 i
GMAX*IMAX
Problem type, from 0 - real problem
data set SP.CICN 1 - adjoint prob-
lem
2 - both real and
adjoint prob-
lems
Kinetics option, 0 - no kinetics
from data set 2 - delayed data
A.DIF1D for alpha

calculation

Maximum number of upscatter iterations,
from data set A.DIF1D

Maximum size of POINTR container array
in core, from data set A.DIF1D
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set

Name Name or modified
INT(5) IPRINT RCDEP
INT(7) KOUT RCDEP
INT(9) FSOPT RCDEP
INT(10)  XTROUT RCDEP

Definition

POINTR debugging flag,
from data set A.DIF1D

Diffusion output flag,
from data set A.DIF1D

Fission source flag,
from data set A.DIF1D

Extrapolation type,
from data set A.DIF1D

o

no print out
standard
print out
debugging
dump print
out

full print
out

problem des-
cription and
iteration
history print
out :
above plus
geometry and
composition
input data
print out
above plus
standard
balance out-
put

above plus
power cal-
culation

no fission
source by
intervals
output
fission
source by
intervals
printed and
written on
FSR.D1 or
FSA.D1

no extrapo-
lation
Chebyshev
extrapolation
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
INT(11) NMAX RCDEP
D1DSCH
INT(12) NSTART RCDEP
INT(13) NTEST RCDEP
INT(14) NEXT RCDEP
INT(15) NUNEXT RCDEP
INT(16) P OUTERS
(entry in
INDOUT)
INT(17) SCHOPT RCDEP
INT(19) MAXBLK RCDEP
INT(31) RMAX RGEOM

Definition

Maximum number of outer iterations,
from data set A.DIF1D

Changed to NMAX+10 if adjoint prob-
lem is to be done following search

Number of unextrapolated iterations to
be done before beginning to extrapolate
from data set A.DIF1D

Number of outer iterations to be done
in extrapolation sequence before test-
ing for payoff, from data set A.DIF1D

Maximum number of extrapolated itera-
tions to be done in an extrapolation
sequence,from data set A.DIF1D

Number of umextrapolated iterations to
be done following one extrapolation
sequence before beginning another, from
data set A.DIF1D

Extrapolation iteration counter (degree
of Chebyshev polynomial)

»
Search data set output 0 - XS.C.MIN
flag, from data set and B.HOMOG
A.DIF1D or GEOM
written af-
ter search
1 - XS.C.MIN
and B.HOMOG
or GEOM not
written af-
ter search

Maximum size of POINTR container array
in bulk (LCS) storage, from data set
A.DIF1D

Number of regions defined in problem,
from data set GEOM
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set

Name Name or modified
INT(32) IMAX RGEOM
INT(34) BQVAX RBNDC

NBCDEF

INT(35) MAX RGEOM
RCOMP
INT(36) FSCMAX RCOMP
INT(37) GMAX RCOMP
INT(38) GMAXUP RCOMP
RGROUP
INT(39) MTRCHI RCOMP
RGROUP
INT(40) CHIDIM RCQMP
INT(41) SCIDIM RCOMP
DIMSCT
INT(44) NFAM RCOMP
WSRCH

Definition

Number of mesh intervals defined in
problem, from data set GEOM

Number of boundary conditions and non-
continuity interface conditions defined
in problem, from data set BC

Number of compositions defined in prob-
lem, read from data set GEOM and then
from data set XS.C.MIN

Number of fissionable compositions
defined in problem, from data set
XS.C.MIN

Number of energy groups defined in
problem, from data set XS.C.MIN

Number of lowest-numbered group from
which upscattering occurs in problem
(GMAXUP=GMAX if there is no upscatter-
ing)

Fission spectrum array 0 - x-vector
type 1 - yx-matrix

First dimension of fission spectrum
array (HI, CHI(CHIDIM,GMAX)
CHIDIM=FSCMAX*GMAX**MTRCHI

First dimension of packed scattering
Cross section array SCIXS,
SCTXS (SCTDIM, GMAX)
SCIDIM is the sum over compositions
of the maximum possible band width
for each composition

QVAX
SCTDIM = ]  SCTLIM(1,C)+

C=1 SCTLIM(2,C)+1

Number of families of delayed data,
from data set XS.C.MIN

Re-read for update of XS.C.MIN
following search
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified Definition
INT(49) NGEOM RGEOM Number of geometry 1 - cylindrical
type, read from slab
data set GEOM as 2 - rectangular
three values and slab
modified to four 3 - cylinder
4 - sphere
INT(50) NBLACK RCDEP Number of black composition group
intervals defined, from data set
A.DIF1D
INT(51) NTH RCDEP Position in flux ?rfa of nth genera-
LTH OUTERS tion of fluxes; ¢\ is in
SWEEP FLX(I,G,NTH)
(entry in Also position of ILth generation of
ISWEEP) fluxes in an upscattering problem
INT(52) NM1 RCDEP Position in flux arr% Yf (n- 1)th gen-
OUTERS eration of fluxes; is in
FLX(I,G,NM1)
INT(53) NM2 RCDEP Position in flux arr?y % (n-2)th gen-
OUTERS eration of fluxes; is in
FLX(I,G,NM2)
INT(54) NDUM RCDEP Positiom in flux array of (2-1)th gen-
IM1 SWEEP eration of f1u3(es for upscattering
(entry in problem; ¢ is in FLX(I,G,IM1)
ISWEEP)
INT(57) ITER OUTERS Iteration number at which flux data
set FR.D1 or FA.Dl1 is written out
INT(58) NRST RCDEP First iteration number at which
FR.D1 or FA.D1 will be written out
for restart option, from data set
A.DIF1D
D1DSCH Changed to NRST+10 if adjoint problem

is to be done following search and
if NRST was originally set to zero
(option not desired)
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified
INT(59)  NRSTI RCDEP
INT(81) NPMAX D1DSCH
INT(82) INTERP D1DSCH
INT(83) NPASS D1DSCH
INT(84)  KSRCH D1DSCH
INT(88) NFIN RGEOM
INT(89) NIL RGEOM
INT(93) IPROB RCDEP

Definition

Increment in NRST at which succeeding
intervals FR.D1 or FA.D1 will be
written again for restart option, from
data set A.DIF1D

Maximum number of control passes dur-
ing search

Interpolation type 1 - linear inter-

used during search, polation

from data set SP.CRIT 0 or 2 - para-
bolic inter-
polation

Control pass number during search,
read initially from data set SP.CRIT
as zero

- concentration
- X-dimension
- Y-dimension
buckling

Search type, from
data set SP.CRIT

(o0, B = T8 B SN )
[

a
-~ X- and Y=
dimension

Number of finite geometry type, from
data set GEOM

Number of finite directions defined
per region, from data set GEOM

Calculation type, 1 - source cala

from data set culation

SP.CICN 2 - kogg calcu-
lation

3 - concentra-
tion search

4 - buckling
search

5 - alpha search

6 - dimension

search
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/SINGLE/FLT(100) ,INT(100) (Contd.)

Subprograms
where values
Local are set
Name Name or modified Definition
INT(94) KFLAG D1DSCH Type of variable ke

prescribed to search 1 - a
to, from data set
SP.CRIT
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6. DI1DSCH (NUC004) Dynamic Storage Array Allocation

This section describes all arrays which may be defined by this module
in common block /BLKSTR/BLK, using the facilities of the dynamic storage
allocation module POINTR (see Volume I). The arrays are listed in alphabetical
order by the name given them in the POINTR name table. For each array, the
following information is given:

1. ‘type
2, dimension, in terms of module variables

3. names of subprograms where action is taken that affects the
status of the array in the container, followed in parentheses
by the action that is taken in the subprogram (Here, significant
POINIR calls are generally PUTPNT, which allocates space in the
container for the array; REDEF, which sets aside space if the array
is not present or redefines its space allocation if it is; and
WIPOUT, which removes the array from the name table, thus making
it inaccessible. The meaning of any other POINTR calls listed
can be found in the POINTR documentation.)

4. names of subprograms in which the value of elements of the array
are set or altered

5. the definition of the array contents,

If the meaning of a variable used as the dimension of an array 1s not

known, it can be found in the subprogram in which a call to PUTPNT or REDEF
is made for that array.



Array

ATMDEN

BLKCMP

BLKGRP

R*8

R*8

R*8

R*8

R*8

1*4

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
IMAX*GMAX FDCGEN (REDEF) FDC1D
D1DOUT (PUTPNT)
NAREA WSRCH (PUTPNT) RDGEOM
MSLTH WSRCH (PUTPNT) UDBHMG
NREG*NIL WSRCH (PUTPNT) RDGEOM
NBLACK RCDEP (PUTPNT) RBLACK
RCOMP (WIPOUT)
NBLACK*2 RCDEP (PUTPNT) RBLACK
RCOMP (WIPOUT) RGROUP

Definition

Finite difference coefficients a; g
across the interface of cell i ~’
with cell i+l for group g

Names of areas, from record type 9
of data set GEOM, for update of
GEOM after search

Atomic density table, from record
type 2 of data set B.HOMOG

Original buckling data by region and
direction, from record type 8 of
data set GEOM, for update of GEOM
after search

Names of compositions defined as
black compositions in data set
A.DIF1D, if any

Numbers of initial and final energy
groups between which a composition
named in BLKQYP is defined as being
black in data set A.DIF1D. For a
composition BLKCQMP(N) , BLKGRP(N,1)
is the initial energy group, and
BLKGRP(N,2) is the final energy
group.

If BLKGRP(N,1)=0, the condition is
applied over all energy groups in
the composition. If BLKGRP(N,2)=0
and BLKGRP(N,1)#0, the condition ap-
plies only to the energy group in-
dicated by BLKGRP(N,1) .

1E517
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
BINC R*8 RMAX*GMAX D1DOUT (PUTPNT) BALCAL
WIPE (WIPOUT)
BENCG R*8 GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
BLNCR R*8 RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
BNDC R*4 8*NBCDEF RBNDC (PUTPNT) STORBC

JBNDC

(

I*4

Definition
Output balance by regions and
groups. BINC(R,G)=-LEAK(R,G)
-RMVL(R,G) +SCAT (R, G) +FISS (R,G) /KEFF
for a k-effective calculation.

Output balance by groups
RMAX

BINCG(G) = ) BINC(R,G)
R=1

Output balance by regions
GMAX

BINCR(R) = ) BINC(R,G)

For each boundary condition NBC
(NBC=1,...,NBCDEF) defined, eight
terms as follows:
JBNDC(1,NBC) - mesh line numbers,
positive if the condition applies
to the right side of the line,
negative if it applies to the left.
JBNDC(2,NBC) - boundary condition
type
1N=RC gt Et i Comn =N
2 - CiD¢' + %2¢ = é3D

where D is the diffusion

coefficient
3 - ¢i+1 = Créj + Coof

¢i+1 = C3¢5 + Caof
JBNDC(3,NBC) - number of initial
(higher) energy group to which
condition applies

(4% 4



Array

BSQ

COHI

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
RMAX*2 RGEOM(PUTPNT) RMESH
DELBSQ
IMAX*GMAX FDCGEN (REDEF) FDC1D
D1DOUT (WIPOUT)
NFCMP*NGROUP WSRCH (PUTPNT) RCORD4
*NGROUP WSRCH (WIPOUT) UPDTXS
(HIDIM*GMAX RCOMP (PUTPNT) RGROUP
DELXS
0 WSRCH (PUTPNT) RCORD2
for no set- WSRCH(REDEF)
wide x WSRGHL(WIPQUT)
ISTHI *GMAX
for set-
wide ¥

Definition
BNDC(5,NBC) = Cg
BNDC(6,NBC) = C3
BNDC(7,NBC) = Cg
BNDC(8,NBC) = Cy

Buckling values from data set GEOM,
where BSQ(R,1) is B? in the trans-
verse direction and BSQ(R,2) is B?
in the axial direction for region R.
If B2 is not defined for a given
region R in a given direction N,
BSQ(R,N)=0.

Modified during buckling search.

Finite difference coefficients cj
across the interface of cell i wifﬁ
cell i-1 for group g

Fission spectrum by fissionable
composition and group, from data set
XS.C.MIN, for update of XS.C.MIN
after search

Fission spectrum fractions stored
as vectors (xf) or matrices (xg &)
for each fissionable composition.

Modified during concentration search.

Set-wide fission spectrum x8'8 if
one is present in data set XS.C.MIN,
for update of XS.C.MIN after search

3% 4



Subprograms Subprograms
issuing where values
Array significant drefset
Name Type Dimension POINTR calls or modified
CMPMSH 2 IMAX RGEOM(PUTPNT) RMESH
CMPNAM R*8 CMAX RGEOM(PUTPNT) RMESH
CMPREG 1.0 RMAX RGEOM(PUTPNT) RMESH
CNAME R*8 NCMP WSRCH (PUTPNT) RDGEOM
WSRCH (WIPOUT)
CRDUM 16,71 RMAX RGEOM(PUTPNT) RMESH
RGEOM(WIPOUT)
CURR R*8 (RMAX+1) D1DOUT (PUTPNT) LKCAL
*GMAX WIPE (WIPOUT)

Definition

Composition-to-mesh correspondence,
defined in data set GEOM. For any
mesh interval (I,QMPMSH(I) is the
number of the composition defined
ol L

Composition names, defined in data
set GEOM. MPNAM(C) is the name of
the composition whose number is C.

Composition-to-region correspond-
ence, defined in data set GEOM.
For any region R, QMPREG(R) is the
number of the composition defined
in R.

Composition names, from record type
9 of data set GEOM, for update of
GEOM following search

Temporary storage for composition-
to-region correspondence array as
read from data set GEOM (stored in
I*2 array QMPREG)

Output currents at region inter-
faces by group, in the direction of
the positive x-axis

ey



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
DC R*8 CMAX*GMAX RCOMP (PUTPNT) RGROUP
DELXS
DBSQ R*8 RMAX*NIL SRCHIN (PUTPNT) RDBSQ
DCCHI R*8 NFAM*GMAX RCOMP (PUTPNT) RGROUP
for kin- RCOMP (WIPOUT)
etics op-
tion 1 or <
2
0
for kin-
etics op-
tion 0
DCTBL R*8 NQVP WSRQH (PUTPNT) UDBHMG
DDX R*8 IMAX SRCHIN(PUTPNT) RDDDX

Definition

Diffusion coefficients by composi-
tion and group. DC(C,G)=0.for a
black composition and group. Diffu-
sion coefficients are formed from
the transport cross section read
into this array from XS.C.MIN.
Modified during concentration search

BSQ modifier values by region and
direction for buckling search, from
data set SP.CRIT

Delayed'neutron—emitter—yield spec-
trun x€ 1 by family and group, from
data set XS.DELAY

Labels of compositions, from record
type 4 of data set B.HOMOG

DX modifier values 84X by interval
for X-dimension search, from data
set SP.CRIT

Sev



Subprograms Subprograms
issuing where values
Array significant drelseit
Name Type Dimension POINTR calls or modified
DECCON R*8 NFAM RCOMP (PUTPNT) RDELAY
for kinetics RCOMP (WIPOUT)
option 1 or RDIST(REDEF)
0
for kinetics
option 0
DICHI R*8 NEAM*GMAX RCOMP (PUTPNT) RDELAY
for kinetics RCOMP (WIPOUT)
option 2 RDIST (REDEF)
0
for kinetics
option 0 or
DIMIX R*8 MSLTH WSRCH (PUTPNT) UDBHMG
DITBL R*8 NISO2 WSRCH (PUTPNT) UDBHMG
DMMI X R*8 MCSLTH WSRCH (PUTPNT) UDBHMG
DMTBL R*8 NMAT WSRCH (PUTPNT) UDBHMG
DNQHI R*8 NFCQMP*NGROUP WSRCH (PUTPNT) RCORD4
*NFAM UPDTXS

Definition

Decay constants by family for de-
layed neutrons, from data set
XS .DELAY

Delayed neutron spectrum x% by fam-
ily and group, from data set
XS .DELAY

Isotope mix table, from record type
2 of data set B.HOMOG

List of all isotopes used, from
record type 2 of data set B.HOMOG

Material mix table, from record
type 4 of data set B.HOMOG

List of all materials used, from
record type 4 of data set B.HOMOG

Delayed neutron fission spectrum
from data set XS.C.MIN, for update
of XS.C.MIN after search

9ey



Array

DNSCT

DUMVOL

DX

EX

EXTBC

1*4

R*8

R*8

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
GMAX RCOMP (PUTPNT) RGROUP
RCOMP (WIPOUT)
NCMP*NMAT WSRCH (PUTPNT) UDBHMG
NCMP*NMAT WSRCH (PUTPNT) UDBHMG
IMAX RGEOM(PUTPNT) RMESH
DELX
IMAX FDCGEN (REDEF) FDC1D
D1DOUB(WIPOUT)
NREG*NIL WSRCH (PUTPNT) RDGEOM
0 FDCGEN (REDEF) FDC1D
for ke ffec=
tive calcu-
lation

Definition

Number of groups of downscattering
given for each group in a given com-
position block in data set XS.C.MIN

Work space for setting up new DMMIX
table after concentration search

Work space for setting up new
VOLFRC table after concentration
search

Mesh interval lengths AX
DX(I)=X(I+1)-X(I)
Modified during X-dimension search

Central finite difference coeffi-
cient for cell i, including removal
D-B2 terms, and boundary condition
terms, if present

Original extrapolated half-height Hy
by region and direction, from re-
cord type 8 of data set GEOM, for
update of GEOM after search

Source due to inhomogeneous inter-
face or boundary conditions for
each mesh interval and group

LSV



Array

EXTDIS

EXTSG

EXTSR

sze
R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
RMAX*2 RGEOM(PUTPNT) RMESH
WTBSQ
0 D1DOUT (PUTPNT) EXTCAL
for k-eff-  WIPE(WIPOUT)
ective ‘cal-
culation
MAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)

Extrapolation distance [Hy-(Hp),]
by region and direction from data
set GEOM, where the extrapolated
half-height H, is first read into
the array, an5 the actual half-
height is then subtracted from it.
EXTDIS(R,1) is the extrapolated
half-height in the transverse direc-
tion for region R and EXTDIS(R,2)
the extrapolated half-height in the
axial direction. If buckling is
not defined for a given region R in
a given direction N, EXTDIS(R,N)=0.
Modified extrapolated half-height
for update of data set GEOM after
buckling search

External source by region and group
for output edit, including external
source due to inhomogeneous inter-
face condition and to delayed data,
if present

External source by groups for out-
put edit

EXTSG(G)=0 for any G for a k-effect-
ive calculation

External source by regions for out-
put edit

EXTSR(R)=0 for any R for a k-effect-
ive calculation

8¢h



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
FISAVG R*8 RMAX*GMAX D1DOUT (PUTPNT) FISREG
WIPE(WIPOUT) (entry in
FISCAL)
FISDEN R*8 IMAX*GMAX D1DOUT (PUTPNT) FISCAL
WIPE (WIPOUT)
FISS R*8 RMAX*GMAX D1DOUT (PUTPNT) FISREG
WIPE (WIPOUT) (entry in
FISCAL)
FISSG R*8 GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
FISSOR R*8 IMAX*GMAX D1DOUP(PUTPNT) FISCAL
WIPE(WIPOUT)
FISSR R*8 RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
FISSRC R*8 IMAX*GMAX KEFCAL (REDEF) FSRC
D1DOUT (WIPOUT) (entry in
IFSRC)

Defini tion

Region-averaged fission source in-
tegrals by group, for output edit

Fission source density by mesh in-
terval and group, for output edit

Fission source integrals by region
and group for output edit

Fission source integrals by groups
)

FISSG(G) = FISS(R,G)

Fission source integrals by mesh
interval and group, for data set
FSR.D1 or FSA.D1, printed and writ-
ten only if FSOPT (INT(9)) # O

Fission source integrals by regions
GMAX

FISSR(R) = )
G=1

FISS(R,G)

Fission source by mesh interval and
group during iterations

6t



Array

FISXS

FIXSRC

FLX

FLXVOL

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set

Dimension POINTR calls or modified

FSCMAX*GMAX RCOMP (PUTPNT) RGROUP
DELXS
RCORD4
UPDTXS

0 RDIST (PUTPNT) RSORC

for k-eff-  RDIST(REDEF)

ective cal-

culation

IMAX*GMAX*4 RDIST(PUTPNT) RFLX

for problem

with upscat-

tering

IMAX*GMAX*3

otherwise
NRMCAL
FLIP

RMAX*GMAX D1DOUT (PUTPNT) FVCAL

WIPE (WIPOUT)

Definition

Fission cross section of by composi-
tion and group from XS.C.MIN. Data
is stored only for fissionable
compositions.

Modified during concentration search
Fission cross section og for update
of XS.C.MIN after seardﬁ

External fixed source by interval
and group from data set ES.D1D,
weighted using fission spectrum
weighting over groups, if desired

(m)

Three generations of fluxes, ¢i .
(n-1) (n-2) i
o5 S and g during itera
tions, referenced by NTH (INT51)),
NM1 (INT(52)), and NM2 (INT(53)).
One additional generation, ¢i(l;) =
for upscatter iterations, refer-
enced by IMIL(INT(54)).
Fluxes (NTH generation only) for
output edits, normalized for k-eff-
ective calculation, not normalized
for source calculation, and written
on data set FR.D1 or FA.Dl

Regional flux integrals by group for
output edit, normalized for k-eff-
ective calculations, not normalized
for source calculations

(1147



Array

FSCMP

ICHI

Subprograms Subprograms
issuing where values
significant are set

Type Dimension POINTR calls or modified
14 MAX RCOMP (PUTPNT) RGROUP
R*8 IMAX FDCGEN (REDEF) FDC1D

D1DOUT (WIPOUT)
R*8 NREG*NIL WSRCH (PUTPNT) RDGEOM
%4 NQVP WSRCH (PUTPNT) RCORD3

WSRCH (WIPOUT) UPDTXS
R*8 RMAX*GMAX D1DOUT (PUTPNT) LKCAL

WIPE (WIPOUT)

Definition

Indices corresponding to fissionable
compositions. For any composition
c, if FSeMP(C)=0, C is not a fis-
sionable composition; if FSCQMP(C)

is some non-zero integer, it is the
index of that composition in arrays
dimensioned with FSCMAX.

Off-diagonal elements y for a given
group of upper matrix U which re-
sults from splitting tri-diagonal
matrix A, whose elements are the
finite difference coefficients

Original actual half-height (Hp) ¢
by region and direction, from re-
cord type 8 of data set GEOM, for
update of GEOM after search

Flag from data set XS.C.MIN for

determining fission spectrum type

for each composition, for update of

XS.C.MIN after search

0 - composition not fissionable

-1- fissionable composition using
set wide fission spectrum x

1 - fissionable composition with
individual x-vector

GMAX - fissionable composition with
individual x-matrix

Leakage by region and group for out-
put edits, including D-B? terms if
nresent

187274



Subprograms Subprograms
issuing where values
Array significant dresset
Name Type Dimension POINTR calls or modified
LEAKG R*8 GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
LEAKR R*8 RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
MC I*4 NINTI*NINTJ WSRCH(PUTPNT) RDGEOM
MCNEW TeEq NCMP WSRCH (PUTPNT) UDBHMG
MCSPEC 1*4 NQvP WSRCH (PUTPNT) UDBHMG
MODXS 101 CMAX SRQGHIN (PUTPNT) RDCONC

Leakage by groups
RMAX

LEAKG(G) = |}  LEAK(R,G)
R=1

Leakage by regions

CGMAX
LEAKR(R) = ) LEAK(R,G)
G=1

Composition-to-mesh correspondence,
from record type 4 of data set GEOM,
for update of GEOM after search

Work space for setting up new
MCSPEC table after concentration
search

Number of materials contained in
each composition, from record type
4 of data set B.HOMOG

Modifier composition numbers, from
data set SP.CRIT, for concentration
search. For any composition C, if
MODXS(C)=0, C is not modified in
this series; if MODXS(C)#0, it is
the number of the modifying compo-
sition,

vy



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
MR %4 NINTI*NINTJ WSRCH(PUTPNT) RDGEOM
MSHCMP 1*4 IMAX RGEOM(PUTPNT) RMESH
RGEOM(WIPOUT)
MSHREG k4 IMAX RGEOM(PUTPNT) RMESH
RGEOM(WIPOUT)
MSPEC Ji%a NMAT
NC 1*4 MREG WSRCH (PUTPNT) RDGEOM
NIN %4  NOPNGROUP WSRGH(PUTENT)  RCORD3
WSRQH (WIPOUT)
NRA 1%4 LAREA WSRCH (PUTPNT) RDGEOM

Definition

Region-to-mesh correspondence, from
record type 3 of data set GEOM, for
update of GEOM after search

Temporary storage for composition-
to-mesh correspondence as read from
data set GEOM (stored in I*2 array
CMPMSH)

Temporary storage for region-to-mesh
correspondence as read from data

set GEOM (stored in I*2 array
REGMSH)

Number of isotopes contained in each
material, from record type 2 of data
set B.HOMOG

Composition-to-region correspondence
from record type 5 of data set

GEOM, for update of GEOM after
search

Number of groups of downscattering
given for each group in a given
composition block in data set
XS.C.MIN, for update of XS.C.MIN
after search

Complete contents of record type 6
of data set GEOM, if present, for
update of GEOM after search

ey



Array
Name

NSB

NUFIS

OMEGA

PRECON

I*4

R*8

I1*4

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
LZONE WSRCH (PUTPNT) RDGEOM
FSCMAX*GMAX ~ RCOMP (PUTPNT) RGROUP
DELXS
RCORD4
UPDTXS
NCMP*NGROUP WSRCH (PUTPNT) RCORD3
WSRCH {WIPCUT)
IMAX SRCCAL (PUTPNT) INVERT
KEFCAL (REDEF)
D1DOUT (WIPOUT)
0 RDIST (REDEF) RSORC
for k-eff-  D1DOUT(WIPOUT)
ectivescal=

culation

Definition

Complete contents of record type 7
of data set GEOM, if present, for
update of GEOM after search

Nu times fission cross section

v+of by composition and group, where
v 1s the number of neutrons re-
leased per fission for that group.
from data set XS.C.MIN.

Modified during concentration search
Nu times fission cross section

veog for update of XS.C.MIN after
search

Number of groups of upscattering
given for each group in a given
composition block in XS.C.MIN, for
update of XS.C.MIN after search

The solution, Lw = F, of the down
sweep in the Choleski inversion of
the tri-diagonal matrix A = LU,

used in the up sweep Ux = w. This
is the method used to solve a system
of equations Ax = F,

Precursor concentrations & by fam-
ily and group, from data set
XS .DELAY

1427



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified

PWRAVG R*8 RMAX D1DOUT (PUTPNT) PWRCAL

if KOUT=3 WIPE (WIPOUT)

0

if KOUT<3
PWRDEN R*8 IMAX D1DOUT (PUTPNT) PWRCAL

if KOUT=3 WIPE (WIPOUT)

0

if KOUT<3
PWRREG R*8 RMAX D1DOUT (PUTPNT) PWRCAL

if KOUT=3 WIPE (WIPOUT)

0

if KOUT<3
PXNF R*8 NFCMP*NGROUP WSRCH (PUTPNT) RCORD4

if NFAM#0 ve UPDTXS

0

if NFAM=0
R R*8 IMAX*GMAX FDCGEN (REDEF) FDC1D

D1DOUT (WIPOUT)
RBOUND R*8 (RVMAX+1) *2  D1DOUT(PUTPNT) LKCAL
WIPE (WIPOUT)

Definition

Average power by region for output
edit

Average power by interval for out-
put edits

Power by region for output edits

Prompt v-og from data set XS.C.MIN,
if present, for update of XS.C.MIN
after search

The terms whose reciprocals are the
diagonal elements of the lower tri-
angular matrix L of the tri-diag-
onal matrix A=LU for the Choleski
inversion of A

Pairs of region names delineating
region interfaces for printing cur-
rents in output edits. The first
name in each pair is that of the re-
gion on the left of the interface;
the second name is that of the
region on the right,

147



Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
REGBRN R*8 RMAX*GMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WIPOUT)
REGFLX R*8 RMAX*GMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WIPOUT)
REGHHT R*8 RMAX*2 RGEOM(PUTPNT) RMESH
DELBSQ
REGMSH T*2 IMAX RGEOM(PUTPNT) RMESH
REGNAM R*8 RMAX RGEOM(PUTPNT) RMESH

Definition

Region-averaged power-normalized
flux integrals for burnup, computed
and written on data set FR.PN if
input power factor from A.DIFID is
Non-zero

Region-averaged flux integrals by
group, for output edit, normalized
for k-effective calculations, not
normalized for source calculations

Actual region half-height (Hj), from
data set GEOM, where REGHHT(R,1) is
the half-height in" the transverse
direction and REGHHT(R,2) the half-
height in the axial direction for
region R.

If a region half-height is not defined
for a given region R and direction

N, or if BSQ(R,N)=0., REGHHT(R,N)=.5.
Modified during buckling search.

Region-to-mesh correspondence, de-
fined in data set GEOM. For any
mesh interval I, REGMSH(I) is the
number of the region to which I
belongs.

Region names, defined in data set
GEOM. REGNAM(R) is the name of
the region whose number is R.

vy



Array

REGVOL

RMVLG

RMVLR

RNAME

R*8

R*8

R*8

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
RMAX D1DOUT (PUTPNT) FVCAL
WIPE (WIPOUT)
CMAX*GMAX RCOMP (PUTPNT) RGROUP
DELXS
RCORD4
UPDTXS
RMAX*GMAX D1DOUT (PLITPNT) REMCAL
WIPE (WIPOUT)
GMAX D1DOUT(PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
NREG WSRCH (PUTPNT) RDGEOM
RMAX*GMAX D1DOUT (PUTPNT) SCTCAL
WIPE (WIPOUT)

Definition

Physical region volume for B2#0, or
volume/unit height for B?=0 (from
PHYVOL function)

Removal cross section og by composi-
tion and group, from data set
XS.C.MIN

Modified during concentration search
Removal cross section op for update
of XS.C.MIN after searcﬁ

Removal contribution to balance by
region and group for output edit,
including o/v terms
Removal by groups

RMAX

RWILG(G) = ) RML(R,G)
R=1

Removal by regions
GMAX

RMVLR(R) = ]
G=1

RMVL(R,G)

Region names, from record type 9 of
data set GEOM, for update of GEOM
after search

Scattering contribution to balance
by region and group for output edit

LYy



Array

SCATG

SCATR

SCTDUM

SCTLIM

SCTLOC

R*8

R*8

R*8

%2

114,

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
GMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
RMAX D1DOUT (PUTPNT) SUMCAL
WIPE (WIPOUT)
MAX*GMAX RCOMP (PUTPNT) RGROUP
*QMAX RCOMP (WIPOUT)
NCQMP*NGROUP  WSRCH (PUTPNT) RCORD4
*MAXSCT WSRQH (WIPOUT) UPDTXS
2*QMAX RCOMP (PUTPNT) RGROUP
QMAX*GMAX RCOMP (PUTPNT) DIMSCT
PCKSCT

Scattering by groups

RMAX
SCATG(G) = ) SCAT(R,G)
R=1

Scattering by regions
MAX

Q@
SCATR(R) = ] SCAT(R,G)
G=1

Array used to read in full scatter-
ing cross section before packing in-
to SCTXS from XS.C.MIN :
Scattering cross section c% € for
update of XS.C.MIN after search

Scattering array band widths for
each composition C. SCTLIM(1,C) is
the maximum width of the downscatter-
ing band for C, and SCTLIM(Z,C) is
the maximum width of the upscatter-
ing band for C. SCTLIM(1,C)
+SCTLIM(2,C)+1 is the maximum band
width.

Location of specified scattering
band in SCTXS. For a given composi-
tion C and group G, SCTLOC(C,G)
gives the location of the band of
elements cg g.
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Array

SCTXS

SETCHI

TOTSRC

UPSCT

VEL

VOLFRC

R*8

R*8

R*8

R*8

R*8

R*8

R*8

Subprograms Subprograms
issuing where values
significant are set
Dimension POINTR calls or modified
SCTDIM*GMAX RCOMP (PUTPNT) PCKSCT
DELXS
ISCHI*GMAX  RCOMP (PUTPNT) GETCHI
IMAX KEFCAL(REDEF) TSRC
DIDOUT(WIPOUT)  (entry in
ITSRC)
GMAX RCOMP (PUTPNT) RGROUP
RCOMP (WIPOUT)
GMAX RCOMP (PUTPNT) RVEL
MCSLTH WSRQH (PUTPNT) UDBHMG
IMAX+1 RGEOM(PUTPNT) RMESH
NCMP*NGROUP  WSRCH (PUTPNT) RCROD4
WSRCH (WIPOUT) UPDTXS

1
Scattering cross section og g by
composition, band width, and group,
packed from SCTDUM
Modified during concentration search

1
Set-wide fission spectrum Xg g’ if
one is defined from data set
XS.C.MIN. Values are transferred
into the C(HI array foy compositions
using the set-wide x8 8 .

Total source by mesh interval for
one group, including fission source
and scattering source during itera-
tions

Number of groups of upscattering
given for each group in a given
composition block in XS.C.MIN

Neutron speeds for kinetics option 2,
read from data set XS.IS0Z or
XS.ISO. VEL(G) = 1 for all groups
if data is not needed or not present,

Volume fraction table, from record
type 4 of data set B.HOMOG

Mesh line locations, from data set
GEOM

Absorption cross section op, for up-
date of data set XS.C.MIN after
search
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Subprograms Subprograms
issuing where values
Array significant are set
Name Type Dimension POINTR calls or modified
XBAR R*8 IMAX D1DOUT (PUTPNT) NRMCAL
WIPE (WIPOUT)
XMESH R*8 NPTI WSRCH (PUTPNT) RDGEOM
XTOT R*8 NCMP*NGROUP  WSRCH (PUTPNT) RCORD4
WSRCH (WLPOUT) UPDTXS
XTR R*8 NPTI WSRCH (PUTPNT) RCORD4
' WSRCH (WIPOUT) UPDTXS
YMESH R*8 NPTJ WSRCH (PUTPNT) RDGEOM
ZONE R*8 NZONE WSRCH (PUTPNT) RDGEOM

Mesh interval centers for output
prints
XBAR(I) = X(I) + .5*DX(I)

Original mesh line locations in X-
direction, from record type 2 of
data set GEOM, for update of GEOM
after search

Total cross section opgp, for update
of data set XS.C.MIN after search

Transport cross section orr, for
update of data set XS.C.MIN after
search

Original mesh line locations in Y-
direction, from record type 2 of
data seg GEOM, for update of

GEOM after search

Zone names from record type 9 of
data set GEOM, for update of GEOM
after search

0Ssy
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7, DIDSCH (NUC004) Data Set Usage

This section contains descriptions of all data sets used by this module,
For each data set, the following information is given:

1. the name of the data set, if it is an ARC System data set, or a
description of its contents and function if it is a scratch data
set used only within the module;

2. the record structure of the data set, if it is a scratch data set;

3. names of subprograms in which the data set is read and/or written,
along with a list of the record types which are read and/or
written and the name of the variable containing the data set
reference number,

A complete description of the record structure and contents of each
ARC System data set can be found in Volume I of this series,
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Name or description of data set - A.DIF1D, One-dimensional Diffusion Theory
Module-dependent BCD Input

Record structure - ARC System data set

Read in Reference
subprograms Card types variable
RCDEP One of Problem Title (first type 01), N

one of Problem Options (second type

01), one of Upscatter Iteration and

Normalization Control (type 02), one
of Iteration and Array Control (type
03), and one of Convergence Criteria
(type 04)

RBLACK As many of Black Region Control (type N
07) as are present

Written in subprograms - None

Name or description of data set - BC, Boundary Condition Specifications

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RBNDC One of Specifications (type 1) and NTAPE

all of Boundary Conditions (type 2)
for vertical boundaries

Written in subprograms - None

Name or description of data set - FA.D1, One-dimensional Adjoint Group
Fluxes

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RFLUX One of Specifications (type 1) and NTAPE
one of One-dimensional Adjoint Flux

(type 2)

FLXIN Same as above N1



Written in

subprograms
OUTERS

NRMCAL

Name or description of data set - FR.D1, One-dimensional Real Group Fluxes

Reference
Record types variable
One of Specifications (type 1) and N1
one of One-dimensional Adjoint Flux
(type 2)
Same as above NFAD1

Record structure - ARC System data set

Read in

subprograms
RFLUX

Written in

subprograms
OUTERS

NRMCAL

Name or description of data set - FR.PN, Power-normalized Real Regional

Reference
Record types variable
One of Specifications (type 1) and NTAPE
one of One-dimensional Real Flux
(type 2)
Reference
Record types variable
One of Specifications (type 1) and N1
one of One-dimensional Real Flux
(type 2)
Same as above NFRD1

Group Fluxes

Record structure - ARC System data set

Read in subprograms - None

Written in

subprograms
NRMCAL

Reference
Record types variable
One of Specifications (type 1) and NFRPN

one of Power-normalized Regional
Group Flux (type 2)
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Name or description of data set - FSA.D1, One-dimensional Adjoint Fission
Source

Record structure - ARC System data set

Read in subprograms - None

Written in Reference
subprograms Record types variable
NRMCAL One of Specifications (type 1) and NFSAD1

one of One-dimensional Adjoint Fission
Source (type 2)

Name or description of data set - FSR.D1, One-dimensional Real Fission
Source

Record structure - ARC System data set

Read in subprograms - None

Written in Reference
subprograms Record types variable
NRMCAL One of Specifications (type 1) and NFSRD1

one of One-dimensional Real Fission
Source (type 2)

Name or description of data set - GEOM, Geometry Data

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RGEOM One of Specifications (type 1) NTAPE
RMESH One of Boundaries (type 2), one of NTAPE

Region-Interval Correspondence (type

3), one of Composition-Interval Cor-
respondence (type 4), one of Compo-
sition-Region Correspondence (type 5),
one of Area Definitions (type 6) skipped
if present, one of Zone Definitions
(type 7) skipped if present, one of
Finite Geometry Data (type 8) if pre-
sent, and one of Labels (type 9)
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Read in Reference

subprograms Record types variable

WSRCH One of type 1 N3

RDGEOM One each of whichever of types 2 - 9 N3
are present

Written in Reference

subprograms Record types variable

WSRCH One of type 1 N3

WIBSQ One each of whichever of types 2 - 9 N3

WIDIM are present, and one of Region Volumes

(entries in (type 10)

RDGEOM)

Name or description of data set - SP.CICN, Module-independent Data

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RCDEP One of Specifications (type 1) NS

Written in subprograms - None

Name or description of data set - SP.CRIT, Criticality Search Specifications

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
D1DSCH One of Specifications (type 1) NCRIT
CRTIN1 One of Concentration Search Modifiers NCRIT
(type 2)
CRTIN2 One of Dimension Search Modifiers NCRIT
(type 3) or Buckling Search Modifiers
(type 4)
RDCONC One of Concentration Search Modifiers NCRIT

(type 2)
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Read in Reference
subprograms Record types variable
RDDDX One of Dimension Search Modifiers NCRIT

(type 3)
RDBSQ One of Buckling Search Modifiers NCRIT
(type 4)

Written in Reference
subprograms Record types variable
D1DSCH One of Specifications (type 1) NCRIT
CRTOT1 One of Concentration Search Modifiers NCRIT

(entry in (type 2)

CRTIND)

CRTOT2 One of Dimension Search Modifiers NCRIT
(entry in (type 3) or one of Buckling Search

CRTIN2) Modifiers (type 4)

Name or description of data set - XS.C.MIN, Macroscopic Composition Cross
Sections

Record structure - ARC System data set

Read in Reference
subprograms Record types variable
RCOMP One of Specifications (type 1 of NTAPE
file 1)

GETCHI One of Set Chi (type 2 of file 2) NTAPE
if present

RGROUP One composition block, consisting of NTAPE

one record of Composition Specifica-
tions (type 3 of file 2) and GMAX
records of Composition Macroscopic
Group Cross Sections (type 4 of file

2)
WSRCH One of Specifications (type 1) N1
RCORD1 One of Specifications (type 1) N1

RCORD2 One of Set Chi (type 2) if present N1



Read in
subprograms

RCORD3
RCORD4

Written in

subprograms
WRCRD1

WRCRD2

WRCRD3

WRCRD4

Record types

One of Composition Specifications
(type 3)

One of Composition Macroscopic Group
Cross Sections (type 4)

Record types
One of Specifications (type 1)

One of Set Chi (type 2) if present

One of Composition Specifications
(type 3)

One of Composition Macroscopic Group
Cross Sections (type 4)

Reference
variable

N1

N1
Reference
variable

N2

N2

N2

N2

(Note:
N2=N1)

Name or description of data set - XS.ISO2, Problem-dependent Microscopic
Group Cross Sections, or XS.ISO, Micro-
scopic Group Cross Sections

Record structure - ARC System data set

Read in

subprograms
RVEL

Record types

One of File Size (type 1 of file 1),
one of Isotope Names (type 2 of file

1) skipped, and one of Group Structure

(type 3 of file 1)

Written in subprograms - None

Reference
variable

NTAPE
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8. DIDSCH (NUC004) Error Messages

This section lists the error messages generated by module DIDSCH in
alphabetical order by subprogram or entry name. For each error message, the
significance of the message is given, along with the action taken by the

subprogram,

In addition to the errors listed, execution of the module can be terminated
for an error in POINTR dynamic storage array allocation. The names of the
subprograms in which such an error is tested for, and from which an error return

Can occur, are

DELBSQ
DELX
DIMSCT
FDC1D
ISUBS
PCKSCT
PCOMP
RBNDC
RDELAY
REORDR
RFLUX
RGROUP
RMESH
RVEL

No message except the one that execution has been terminated will appear for
an error in dynamic storage array allocation,



CELCAL

Message:

Significance:

Action taken:

CHANGE

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

#*%**GENERAL INTERNAL INTERFACE CONDITIONS SPECIFIED FOR

I=iiii, G=iiii
1
2

An interface condition (ITYPER or ITYPEL) not equal to 0,

1, or 2 was returned to CELCAL from VERBND (entry in GETBND).
This is assumed to indicate that an interface condition of
3, indicating general internal interface conditions, was
specified in data set BC, and hence by implication that the
internal interface condition type 2 was specified in A.NIP
(card type 10, cols. 19-24), for this I and G. An error
number 1 indicates that the error was encountered on the
right of cell i,g; an error number 2, that it was encoun-
tered on the left.

ERROR NUMBER{ }IN SUBROUTINE CELCAL

The IERR flag is set to 1 and control is returned to the
calling program. No calculations are performed.

*%**%BOUNDS ON CONTROL PARAMETER EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE CHANGE

The search control parameter computed for the next pass is
not within the bounds set for the control parameter; the
condition XL<XNTHSXU is not met.

Execution is terminated. .

PARABOLIC EXTRAPOLATION NOT FEASIBLE--LINEAR EXTRAPOLATION
USED

This is merely an information message. The user has speci-
fied parabolic extrapolation, but it‘is not feasible, either
because the denominator used in solving for the parabolic

fit by means of Cramer's rule is too small (£1.0 - 10-8),
indicating that accuracy might be better with linear extra-
polation; because the quadratic coefficient a is near zero
and should not be used as a divisor; or because the discrimi-
nant b2-4ac of the quadratic equation ax2+bx+c - kég% =y is

less than zero.

Linear interpolation is used.
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D1DSCH

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

DELBSQ

Message:

*#*%%%DATA SET SP.CRIT NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE D1DSCH

This data set could not be found by the ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

*****MAXIMUM NUMBER OF CONTROL PASSES EXCEEDED DURING SEARCH
ERROR NUMBER 2 IN SUBROUTINE D1DSCH

The number of search passes NPMAX defined in data set SP.CRIT
has been exceeded, and keff has not converged according to

the search criterion.

Execution is continued as though problem had converged.

**%%*ERROR ENCOUNTERED IN WRITING DATA SETS MODIFIED BY
SEARCH

ERROR NUMBER 3 IN SUBROUTINE D1DSCH

An error was encountered in updating either XS.C.MIN and

B.HOMOG or GEOM, depending on the type of search, after

the search.

Execution is terminated.

****XEXECUTION OF MODULE NUC004 HAS BEEN TERMINATED

An error has been encountered in the execution of the module
which made successful execution of the module impossible.

The error flag IQUIT is set to 1 and control is returned
to the main program of NUC004.

*%%%*A NEGATIVE VALUE HAS BEEN COMPUTED FOR BUCKLING FOR
REGION aaaaaa DIRECTION iii
BUCKLING =-x.xxooxBxxx

ERROR NUMBER 1 IN SUBROUTINE DELBSQ



Significance:

Action taken:

DELX

Message:

Significance:

Action taken:

DELXS

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:
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The negative buckling value printed has been generated in
the region named, where the direction number is 1 for the
transverse direction and 2 for the axial direction.

Execution is terminated.

****%%THE LENGTH OF THE iiiiTH INTERVAL IS NEGATIVE
INTERVAL LENGTH = -x.x000xExxx

ERROR NUMBER 1 IN SUBROUTINE DELX

The negative interval length value printed has been gen-
erated in the interval whose number is given.

Execution is terminated.

*****NON-FISSIONABLE COMPOSITION CANNOT BE MODIFIED BY A
FISSIONABLE COMPOSITION
NON-FISSIONABLE COMPOSITION CAN BE MADE TO APPEAR
FISSIONABLE
BY ADDING ZERO VOLUME-FRACTION OF A FISSIONABLE
MATERTAL
ON TYPE 14 CARD OF DATA SET A.NIP

ERROR NUMBER 1 IN SUBROUTINE DELXS

Self-explanatory. Storage space for fission-related cross
sections is not allocated unless the composition appears
fissionable.

Execution is terminated.

#%%%XNUMBERS OF GROUPS OF DOWN SCATTERING AND OF UP SCAT-
TERING FOR ORIGINAL COMPOSITION

MUST BE EQUAL TO OR GREATER THAN THOSE FOR FOR MODI-
FIER COMPOSITION

THIS CAN BE ACCOMPLISHED BY ADDING ZERO VOLUME-FRAC-
TION OF

MODIFIER COMPOSITION TO ORIGINAL ON TYPE 14 CARD OF
DATA SET A.NIP

ERROR NUMBER 2 IN SUBROUTINE DELXS

Self-explanatory. Storage space for scattering for a given
composition and group is only as wide as the band width.

Execution is terminated.
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ENDOUT (entry in INDOUT)

Message :

Significance:

Action taken:

Message:

Significance:

Action taken:

FLXIN

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

OUTERS

Message:

Significance:

***XAFLUX = -x.00ccooBxx FOR I=iiii  Geiiii
ABSOLUTE VALUE OF FLUX WILL BE USED

ERROR NUMBER 1 IN SUBROUTINE ENDOUT

The flux for the specified mesh interval and group has gone
negative following Chebyshev acceleration. It is assumed
that the flux is very close to zero for this to have occurred.

Flux for this mesh interval and group is set to the absolute
value of the flux.

**%%%QUTER ITERATIONS HAVE DIVERGED TWELVE TIMES IN SUCCESSION
ERROR NUMBER 2 IN SUBROUTINE ENDOUT

Following Chebyshev extrapolation, the iterations have di-
verged on twelve successive passes.

IRETRN is set to -1, and execution is terminated.

ERROR NUMBER 1 IN SUBROUTINE FLXIN
The data set FA.D1 could not be found.
Execution is terminated.
#%***ERROR IN READING FLUX GUESS#*#*#*#*#
IMAX=iiii IMX1=iiii
MAX=11ii MX1=iiii
ERROR NUMBER 2 IN SUBROUTINE FLXIN
The number of energy groups (GMX1) and/or the number of mesh
intervals (IMX1) defined in the data set FA.D1 do not correspond
to the values (GMAX,IMAX) for the current problem.

Execution is terminated.

***%%OUTER ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE OUTERS

The maximum number of outer iterations, NMAX, has been ex-
ceeded, and the problem has not converged.



Action taken:

PCOMP

Message:

Significance:

Action taken:

PRTBC

Message :

Significance:

Action taken:

RBNDC

Message:

Significance:

Action taken:
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Execution of the remainder of the program, consisting of the
output section, is performed as if the problem had converged.

#R*EXSEARCH CALCULATED A NEGATIVE aaaaaaaa VALUE
COMPOSITION SEARCH TERMINATED

ERROR NUMBER 1 IN SUBROUTINE PCOMP
where aaaaaaaa is a cross-section type:

'DIF COEF', 'REMOVAL', 'FISSION', 'NU FISS', 'GHI MIRX',
or 'SCATTER'

In adding the modifier composition to the original composition
on a search pass, the search calculated a negative value or
values of some cross-section type or types (only the most re-
cently calculated type being indicated).

The concentration search is terminated, without output of
data sets.

****%CALCULATION TYPE IS aaaaaaaa

BOUNDARY CONDITIONS INDICATE CALCULATION SHOULD BE

INHOMOGENEOUS

ERROR NUMBER 1 IN SUBROUTINE PRTBC

where aaaaaaaa is the calculation type in PROBT
One or more inhomogeneous boundary or interface conditions
have been defined, and the calculation type is not source.
Either the boundary conditions or the calculation type is
INLETTOT;

Execution is terminated.

*****DATA SET BC NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RBNDC

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.
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Message:

Significance:

Action taken:

RCDEP

Message:

Significance:

Action taken:

Message :

Significance:

Action taken:

RCOMP

Message :

Significance:

Action taken:

Message :

Significance:

Action taken:

*%%%X] ESS THAN TWO BOUNDARY CONDITIONS DEFINED. NBCDEF=iii
ERROR NUMBER 2 IN SUBROUTINE RBNDC

Both external boundary conditions, at least, must be defined,
and two boundary conditions are not defined in data set BC.
NBCDEF is the number of boundary conditions defined.

Execution is terminated.

****%%DATA SET A.DIF1D NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RCDEP

This data set could not be found by ARC System routlne SNIFF.
This implies that it has not been written.

Execution is terminated.
*****DATA SET SP.CICN NOT FOUND
ERROR NUMBER 2 IN SUBROUTINE RCDEP

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.

*****DATA SET XS.C.MIN NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RCOMP

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.
*%**%NO END-OF-FILE FOUND FOR FIRST FILE OF XS.C.MIN
ERROR NUMBER 2 IN SUBROUTINE RCOMP

The end of the first file of this data set was not found,
and the second file thus could not be read.

Execution is terminated.



Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RCORD1

Message :

Significance:

Action taken:

RCORD2

Message:

Significance:

Action taken:

RCORD3

Message:

Significance:
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****XXDATA SET XS.DELAY NOT FOUND
ERROR NUMBER 3 IN SUBROUTINE RCOMP

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

Execution is terminated.

***X*NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO
ERROR NUMBER 4 IN SUBROUTINE RCOMP

The number of families NFAM defined in XS.C.MIN was zero, and
the kinetics option indicates that delayed data is desired

for an a-calculation.

Execution is terminated.

****XERROR IN READING RECORD 1 OF XS.C.MIN ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD1

An error was encountered in attempting to read the first
record of this data set.

Execution is terminated.

»

*%%**ERROR IN READING RECORD 2 OF XS.C.MIN ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD2

An error was encountered in attempting to read the second
record of this data set.

Execution is terminated.

#*#*%*XERROR IN READING RECORD 3 OF XS.C.MIN FOR COMPOSITION
iii

ON DSRN iii
ERROR NUMBER 1 IN SUBROUTINE RCORD3

An error was encountered in attempting to read record type
3 of this data set for the composition whose number is given.
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Action taken:

RCORD4

Message:

Significance:

Action taken:

Message :

Significance:

Action taken:

Message :

Significance:

Action taken:

RDBSQ

Message:

Significance:

Action taken:

Execution is terminated.

*%%*%j1iTH GROUP RECORD FOR COMPOSITION NO iiii IS OUT OF
ORDER
GROUP NUMBER ON RECORD IS iiii

ERROR NUMBER 1 IN SUBROUTINE RCORD4
In reading the group records for the composition whose number
is given, an out-of-order record was encountered. The first

number is that of the group which was expected; the last
number is the group number appearing on the record.

Execution is terminated.

**%%%ERROR IN READING RECORD 4 OF XS.C.MIN FOR COMPOSITION
iii

AND GROUP iiii ON DSRN iii

ERROR NUMBER 2 IN SUBROUTINE RCORD4

An error was encountered in attempting to read record type

4 of this data set for the composition and group whose num-

bers are given.

Execution is terminated.

***x*x%COMPOSITION NO iii USES A SET-WIDE QHI
BUT NO SET-WIDE CHI IS GIVEN

ERROR NUMBER 4 IN SUBROUTINE RCORD4

No set-wide fission spectrum is defined on data set XS.C.MIN,
but the composition whose number is given expects one.

Execution is terminated.

***%%SP  CRIT B**2 MODIFIER DATA RECORD IS WRONG LENGTH
RMX1=iiii  NIL1l=iiii

ERROR NUMBER 1 IN SUBROUTINE RDBSQ

One or both of the numbers determining the length of the

buckling modifier data record does not agree with the cor-

responding number defined for the problem in data set GEOM;

RMX1 does not agree with RMAX, and/or NIL1 does not agree
with NIL.

Execution is terminated.



RDDDX

Message:

Significance:

Action taken:

RDIST

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RFLUX

Message:

or

Significance:

Action taken:
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***&XSP.CRIT DX MODIFIER DATA RECORD IS WRONG LENGTH
IMX1=iiii

ERROR NUMBER 1 IN SUBROUTINE RDDDX

The number of mesh intervals IMX1 defined in data set SP.CRIT

does not agree with the number IMAX defined for the problem

in data set GEOM.

Execution is terminated.

*****DATA SET XS.DELAY NOT FOUND

ERROR NUMBER 1 IN SUBROUTINE RDIST

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written. (This message
will not appear for a search, since it applies only to source
calculations.)

Execution is terminated.

**&%*¥NUMBER OF FAMILIES DEFINED FOR DELAYED DATA IS ZERO
ERROR NUMBER 2 IN SUBROUTINE RDIST

The number of families, NFAM defined in XS.C.MIN was zero,
and the kinetics option indicatesydelayed neutron source
data is required. (This message will not appear for a
search, since it applies only to source calculations.)

Execution is terminated.

*%*%%%DATA SET FR.D1 NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RFLUX
**&%%*DATA SET FA.D1 NOT FOUND
ERROR NUMBER 2 IN SUBROUTINE RFLUX

This data set could not be found by ARC System routine SNIFE.
This implies that it has not been written.

Execution is terminated.
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Message:

Significance:

Action taken:

RGEOM

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

RGROUP

Message:

Significance:

Action taken:

*****ELUXES DIMENSIONED IMPROPERLY ON FR.D1 OR FA.D1
IMX1=iiii  GMX1=iiii

ERROR NUMBER 3 IN SUBROUTINE RFLUX

The number of mesh intervals (IMX1) and/or of groups (GMX1)

defined on this data set are not the same as the corres-

ponding numbers defined on data sets GEOM and XS.C.MIN.

Execution is terminated.

**%%*DATA SET GEOM NOT FOUND
ERROR NUMBER 1 IN SUBROUTINE RGEOM

This data set could not be found by ARC System routine
SNIFF. This implies that it has not been written.

Execution is terminated.

**&**GEOMETRY TYPE CANNOT BE IDENTIFIED. NGEOM=iiii

ERROR NUMBER 2 IN SUBROUTINE RGEOM

The geometry type number read from data set GEOM is not

1, 2, or 3. It may be a two-dimensional type (4, 5, 6, 7,
or 8), or may be meaningless. The geometry type selected
in data set A.NIP (card type 3, cols. 13-18) should be
checked.

Execution is terminated.

*****TRANSPORT CROSS-SECTION IS ZERO--DIFFUSION COEFFICIENT
IS SET TO 1.0 E+15
FOR COMPOSITION aaaaaaaa, GROUP iii

A transport cross section of zero for this composition and
group was read from data set XS.C.MIN, and hence the dif-
e

g
3(0TR)C .
The diffusion coefficient is set to 1.0 x 10 ~.

fusion coefficient, Dﬁ = , could not be calcu-

lated.

Processing continues. If+this composition is found to be
defined as black for this group the diffusion coefficient
will be set to zero, as it should be.



Message:

Significance:

Action taken:

SRCHIN

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

**X*ANUMBER OF GROUPS DEFINED IN XS.ISO OR XS.ISO2

DOES NOT AGREE WITH NUMBER DEFINED IN GEOM

DSRN=iii  GMAX=iii  NGROUP=iii
ERROR NUMBER 1 IN SUBROUTINE RVEL
As stated, the number of groups defined in the two data sets
do not agree. DSRN is the data set reference number associ-
ated with XS.ISO or XS.IS02, GMAX is the number of groups
defined in GEOM, and NGROUP is the number defined in XS.ISO
or XS.ISO2.

Execution is terminated.

**&XXALPHA SEARCH TYPE AND SEARCH TO PRESCRIBED ALPHA HAVE
BEEN SPECIFIED

ERROR NUMBER 1 IN SUBROUTINE SRCHIN

A prescribed value of alpha has been input, and the search
quantity to be modified is also alpha.

Execution is terminated.
*****SEARCH TYPE NOT RECOGNIZED. TYPE=iiii
ERROR NUMBER 2 IN SUBROUTINE SRCHIN

»

A search type KSRCH not between 1 and 6, inclusive, has
been input. KSRCH is printed.

Execution is terminated.

%% %*TWO-DIMENSIONAL SEARCHES NOT ALLOWED. TYPE=aaaaaaaa
ERROR NUMBER 3 IN SUBROUTINE SRCHIN

An X-dimension search or X- and Y-dimension search
(KSRCH=3 or 6) has been specified.

Execution is terminated.

SWEEP (entry in ISWEEP)

Message:

#*&XXUPSCATTERING ITERATION LIMIT EXCEEDED
ERROR NUMBER 1 IN SUBROUTINE SWEEP

469
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Significance:

Action taken:

WSRCH

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

Significance:

Action taken:

Message:

The maximum number of upscatter iterations IMAX has been
exceeded and the iterations have not converged.

Execution is continued as though iterations had converged.

*****DATA SET XS.C.MIN COULD NOT BE UPDATED

DSRN FOR OLD=iiii DSRN FOR NEW=iiii
ERROR NUMBER 1 IN SUBROUTINE WSRCH
One of the two data sets could not be found by ARC System
routine SNIFF. This implies either that the old one was
not written or that the new one was not set up. In practice,
currently, both data sets have the same data set reference
number, since the old is written over the new.

The IERR flag is set to 1 and execution is terminated.

****%XERROR IN READING RECORD 1 OF XS.C.MIN ON DSRN iii
ERROR NUMBER 2 IN SUBROUTINE WSRCH

An error was encountered in attempting to read the first
record of this data set.

The IERR flag is set to 1 and execution is terminated.

ERROR NUMBER 3 IN SUBROUTINE WSRCH

An error was encountered in attempting to read some record
of data set XS.C.MIN.

The IERR flag is set to 1 and execution is terminated.

*****DATA SET GEOM NOT FOUND
ERROR NUMBER 4 IN SUBROUTINE WSRCH

This data set could not be found by ARC System routine SNIFF.
This implies that it has not been written.

The IERR flag is set to 1 and execution is terminated.

ERROR NUMBER 5 IN SUBROUTINE WSRCH



Significance:

Action taken:

471

An end-of-file was encountered after the second record of
B.HOMOG. The data set was re-wound, and successive attempts
to re-read record 1 resulted in an end-of-file being read.
(This is highly unlikely.)

The IERR flag is set to 1 and execution is terminated.
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9, DIDSCH (NUC004) Timing Information

Times for some representative problem runs are given in the table below,
For each problem the search type, number of search passes, number of groups,
number of regions, number of compositions present and number used, type of
fission spectrum x present, number of mesh intervals, and time in minutes are

given.



Search Type

Real concentration

Real concentration
followed by
adjoint calculation

Real concentration
followed by
adjoint calculation

Real concentration
followed by
adjoint calculation

Buckling followed by
adjoint calculation

X-dimension followed by
adjoint calculation

Number

Passes

Number
of

Groups
22

22

22

27

DIDSCH (NUC004) Sample Problem Times

Number Number of Number of Number
of Compositions  Compositions Type of Mesh Time

Regions Present Used of x Intervals  (min.)
4 5 4 vector 130 1.56
4 10 4 matrix 17 1.00
4 10 4 matrix 12 sl
4 7 3 vector 12 .53
4 <) 3 vector 16 .60
4 3 3 vector 16 .54

C1b
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10. DIDSCH (NUC004) Sample Output

The following pages represent output from a sample DIDSCH run. For
a detailed explanation of the output, see section 2.d.

The module begins by printing a message that it has been entered.
The first fifteen pages of data are the same as those described in Part I
for DIF1D, since this problem is a concentration search using the same
reactor geometry and composition data as that problem. (Page 1 is
repeated here.)

On page 16, the input for the concentration search from data set
SP.CRIT is printed, along with the sizes of the container array in main
core and in bulk for both the input and the calculation sections. For
other types of searches, the line 'COMPOSITION CP2 MODIFIED BY COMPOSITION
CP1" is replaced by descriptions of the appropriate search modifier data.
This page is followed by a k-effective iteration history using the first

guess at the control parameter X.

Page 19 displays the parameters for the second search pass, including
the new search control parameter X to be used, the change in the control
parameter, and the value of k-effective generated by the preceding pass.
This is again followed by an iteration history.

Search pass 4 is the final pass for this search, since the value of
the control parameter used on pass 4 results in the value of k-effective
which was being searched for. The data for pass 4 and the final iteration
history are shown on pages 23 and 24.

When the concentration search has converged, the composition data
are printed in the same format as for the input. (For a buckling or
dimension search, the geometry data would be printed instead.) This is
followed by the real k-effective calculation output in the form shown in
Eartilis

Finally, since this is a "BOTH' problem, an adjoint k-effective cal-
culation is performed, and its output is printed. The data sets affected
by the search (in this case XS.C.MIN and B.HOMOG) are rewritten, and a
message to this effect is printed, followed by a message that the module
has been left.
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*%%x ENTERING MODULE D1DSCH (NUC004)  **¥x

ONE-CIMENSICNAL DIFFLSICN CONCENTRATICN SEARCH SAMPLE QUTPUT

K-EFF CALCLLATICN BOTH SCLUTICN

NO KINETICS CPTICN

CLTER ITERATICN CCNTROL DATA
MAXIMLM NUMBER CF CLTER ITERATIONS = 90
CHEBYCHEV EXTRAFPOLATICN CN CUTER ITERATIONS
co S5 UNEXTRAPCLATED CUTER ITERATICNS BEFORE BEGINNING TO EXTRAPOLATE
co 3 EXTRAPOLATEC ITERATICNS BEFORE TESTING FOR PAYOFF
CC A MAXIMUM OF € ITERATICAS IN AN EXTRAPCLATICN SEQUENCE

CO AT LEAST 2 UNEXTRAPCLATED OLTER ITERATICNS
BEFCRE BEGINNING ANCTHER EXTRAPOLATION SEQUENCE

INTERVAL SHIFT FACTCR FOR CHEBYCHEV EXTRAPOLATICN = 0.0

CUTER ITERATICN CCNVERGENCE CRITERIA
CIFFERENCE IN SUCCESSIVE VALUES OF K-EFFECTIVE = 1.0C00C0D-07
SUM CF ABSOLUTE VALLE OF FLUX DIFFERENCE/SUM OF FLUX = 1.000C000-07

CIFFERENCE IN UFPER AND LCWER FLUX BOUNDS LAMBC4 = 1.000000D0-07

CORE STCRAGE ALLCCATED FCR PCINTR CCMMCN ARRAY = 30000
BULK (LCS) STORAGE ALLOCATEC FOR PCINTR COMMON ARRAY = 0
PRESCRIBEC K-EFF = 1.C4CCCOD 0O

THIS IS A SEARCH RUN CF TYPE CCNC

MAXIMULM NUMBER OF CCNTRCL CHANCES= 10
FIRST GUESS AT CCNTRCL PARAMETER X= 5.00000C-02
SECCNL GLESS AT CCNTRCL PARAMETER X= 3.€00000-02
CK/DX= CaD

LOWER BCUNC CN CCNTRCL PARAMETER=  =-1.CCC00D 01
UPPER BOUNC CN CCNTRCL PARAMETER= 1.€0000D 01
CCAVERGENCE CRITERICA= 1.£0C0CD-06

PARABCLIC EXTRAPCLATICN CN THE CCNTRCL SEARCH
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GNE-DIMENSICNAL DIFFLSICN CONCENTRATICN SEARCH SAMPLE QUTPUT

CCMPOSITICN MCCIFIER CCMPOSITIONS
cPa
CATA SET SF.CRIT DOES NCT REPRESENT A CCNVERGED SEARCH
LENCTH CF SPEC. RECORC = &

SIZE CF PCINTR CORE CCNTAINER ARRAY
SIZE OF POINTR BULK CCNTAINER ARRAY

CBMEESITICN (CP2 MCCIFIEC BY CCMFOSITICN

SIZE CF PCINTR COPE CCNTAINER ARRAY

SIZE CF POINTR RULK CCNTALINER ARRAY

SEARCF CCNTRCL PASS 2
NEw CCNTRCL PARAMETER = 3.0C00CCOC-C2
PREVICUS KEFF = 1.0228€324D CO
CHANGCE IN CCNTROL PARAMETEP = -2.CCCCOCCD-C2

CEVPESITICN CP2 MOCIFIED BY CCMPOSITICN

SIZE CF PCINTR COPE CCNTAINER ARRAY

SIZE OF POINTR BULK CCANTAINER ARRAY

SEARCF CCNTRCL PASS 4
NEW CCNTRCL PARAMETER = 2.9C2€118D-02
PREVICUS KEFF = 1.C40CC12D CO
CHANCE IN CCNTRCL PARAMETEF = 2.6166C01D-Cé6

ECMPCSITICN CP2 MCCIFIEC BY CCMPCSITICN

SIZE CF PCINTF CORE CCNTAINER ARRAY

SIZE CF POINTR PULK CCNTAINER ARRAY

REQUIRED FOR SEARCH INPUT SECTION
REQUIRED FOR SEARCH INPUT SECTION

cpPl

REQUIRED FOR CALCULATION SECTION

REQUIRED FOR CALCULATION SECTION

cpl

REQUIRED FOR CALCULATION SECTION

REQUIRED FOR CALCULATION SECTION

cel

REQUIRED FOR CALCULATION SECTICN

REQUIRED FOR CALCULATION SECTION

I

5630

9034

9034

9034



ONE-DIMENSICNAL DIFFLSICN CGNCENTRATION

ITERATICN

ITER NC
B

CCNVERCEC KEFF =

EESTRRY

KEFF
SIGMA

1.04C000CC OC
0.C

1.0400C00C oC
0.C

1.040000CC 0O
0.C

1.C40000CC 00

REAL

IRy KERE
ENPM1

-1.2378192C-06
0.0

-4,2804€32C-C8
0.0

.1173C05C-0C8
o)

o w

c©.,1850414C-09

1.C4c0C00C CO

CALCULATION

LAM UPPER
SIGMA BAR

1.0000015D0 00
1.55388160-06

1.0000002D 00
5.€8515120-02

1.0000001D 00
3.26307610-01

1.0C00000D 00

SEARCH SAMPLE OUTPUT

LAM LGWER
LAM RATIO

$.©¢99676D-01
4.7714845D-06

5.69999430-01
1.5839317D=G1

5.59556850-01
3.2733854D0-01

5.5999995D0-01

DIF LAM
ALPHA

4,77148450-06
c.0

7.5577055D-07
0.0

2.47362832D-07
0.0

8.1633550D-08

DIF FLUX
BETA

1.5538816D-06
0.0

9.30021610-08
0.0

3.03473213D-08
0.0

9.1578026D-09

NGL FLUX

LLY
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