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ABSTRACT
2DBTOR -- A Toroidal Geometry Neutron Diffusion Code (August 1990)
Craig Anthony Hrabal, B.S., Texas A&M University;
Chair of Advisory Committee: Dr. Theodore A.Parish

The objective of the research performed here was to produce a scoping code that
could be used for fusion reactor blanket design. To this end, the present research

initially explored a technique proposed by Pomraning and Stevens, in which the

toroidal diffusion problem in toroidal geometry is cast into cylindrical (r-8) form by a
spatially dependent redefinition of the diffusion coefficient, absorption cross-section,
and extraneous source function. This idea was explored but was later abandoned in
favor of the direct finite differencing of the toroidal diffusion equation.

The direct finite differencing approach was programmed into an existing

two-dimensional(x-y, r-z, -0, triangular), multi-group neutron diffusion code, 2DB,
that had previously been converted to execute on the IBM-AT. Neutronic scoping
calculations relevant to fusion reactor design were then performed in a

micro-computer environment. The modified code was renamed 2DBTOR.

To verify that 2DBTOR was operating correctly, comparisons were made to both
analytical and numerical solutions for several types of problems. Both ANISN and
2DB were used to verify and compare the solutions obtained from 2DBTOR. It was
also shown that as the aspect ratio approached infinity (i. e., the major radius became
large) the 2DBTOR solution approached the solution for that of 1-D cylindrical

geometry. After verifying the solution for a large major radius, the errors associated



with using a non-toroidal scoping code were examined versus using 2DBTOR. To
accomplish this, neutron cross-sections for a benchmark problem were input to
2DBTOR and the output was compared to that from ANISN. A method proposed by
Price and Chapin, that used volume correction factors to compute the reaction rates in
the benchmark blanket , was utilized to provide a means of checking 2DBTOR's
results versus those given by a Monte Carlo code. It is also worth noting that
2DBTOR makes possible the calculation of material depletion in the fusion blanket,
which is a unique advantage of the new program, 2DBTOR.

In future versions of the 2DBTOR program, it is recommended that the central
vacuum should be modelled through an internal boundary condition. A separate void
streaming calculation should be used to define the internal boundary condition by
specifying the neutron flux to current ratio as a function of position along the vacuum
wall. Improved modelling of the central void region will be required if 2DBTOR is to
prove to be an attractive program for Tokamak blanket scoping calculations.
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L INTRODUCTION

In order to sustain the current level of world civilization man requires energy.
However, at the present pace of energy demand, it is predicted that coal and U-235
resources will be depleted in the next 25 to 100 years.! To meet the world's energy
demand as the above resources become more scarce, new options will have to be
employed. Of the methods available to produce energy, only solar energy, fission
breeders, and fusion are thought to be capable of meeting the world's long-term needs.

Of these three energy resources, fission breeders produce and use special nuclear
materials, which makes them undesirable without stringent safeguards. This leaves
solar energy and fusion as the most viable energy resources to meet future energy
demands. Both will have to be developed, since a stable society needs alternate
sources of energy to call upon in an uncertain future.

Because of progress in plasma confinement, fusion has warranted increased
attention in the past decade. What makes fusion of most interest is the fact that one of
the fuels required, deuterium, is essentially an inexhaustible resource, Deuterium,
which has an average abundance of 0.015% in elemental hydrogen, can be separated
relatively easily and cheaply from water.2 A secondary, but perhaps more important
advantage, as regards public perception, is fusion's inherent safety and reduced
radioactivity hazard relative to fission. Tritium, one of the more radioactive of the

fusion fuels, has a relatively short half-life(12.36y) and decays by emitting low energy

B-rays. Unfortunately, activation of structural materials, suchas the first wall in

a fusion reactor, presents a possible hazard, but this can be controlled by choosing

This thesis follows the style of Nuclear Technology.



suitable materials. In regard to safety, with magnetic confinement fusion, a sudden
increase in power is likely to be counteracted by altering the conditions that are
necessary to position and heat the plasma. In addition to the above advantages, use of
exotic fuels which only produce charged particles, might lead to €energy conversion
efficiencies approaching 100%, since charged particles can possibly be directly

converted to electricity.

LA  The Fusion Process

Fusion is essentially the process of two nuclei coming together to form one or more
nuclei with an accompanying release of energy. Since very high temperatures (over
108 ©C) are required to overcome the Coulomb repulsion between the reacting nuclei,
a plasma must be produced. The nuclei, which are stripped of electrons at such
femperatures, must be confined long enough to fuse. Asa consequence of the high
temperatures required for fusion, the reactants can not be contained within physical
walls, since interactions with the wall material would likely cool the nuclei down
below their required temperature for fusion. By virtue of the nuclei being charged
particles, however, they can be contained by magnetic fields in various plasma
confinement configurations,

Several reactions are considered to be possible for producing power from fusion
break-even conditions, but the deuterium-tritium (D-T) reaction has the best chance of
being the first to reach the required plasma conditions. The D-T reaction is described
below:

D+T — 4He +n+17.6 MeV (1)



This reaction requires the use of of tritium, which is extremely rare in nature and must
be artificially produced.  Tritium production is expected to be accomplished by
surrounding the plasma with a lithium containing blanket. Tritium is produced from

lithium according to the neutron reactions that follow:

n+7Li —» T+%He+n @

n+6Li —» T+4He 3

The reaction with Li-7 has a threshold of 2.7 MeV, while the Li-6 reaction takes place
with neutrons down to thermal energies.  Although the above reactions require
consumption of lithium, the known U.S. reserves of lithium are thought to be able to

last 600 years. > The D-T reaction discussed above has great potential for fusion due
to its large reactivity at relatively low temperatures(<100 keV; 1 keV =~ 109 °C), The

reactivity, <OV>j, is defined to be the average of the fusion cross-section multiplied
by the relative speed between the reacting particles j and k averaged over Maxwellian
distributions. Curves of the reactivity versus energy for several fuels are shown in
Figure 1-14. As can be seen, the D-T reactivity is by far the highest at temperatures
below 100 keV. Since the reaction rate per unit volume for two nuclei can be shown

to be given by

RRj = agnjng<ov>j )
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where RRjk = reaction rate per unit volume for nuclei jandk,
ajx = 1 for j#k and 1/2 for j=k,
nj = atom density of nuclei j,

and ny = atom density of nuclei k,

it is apparent that the D-T reaction for fixed reactant densities will provide the greatest
number of fusions per cm3 per sec at the lowest temperatures.5 Since lowering of the
temperature needed for fusion makes the required plasma conditions more achievable,

it is likely that the first fusion reactions will use D-T fuel,

LB The Need for Scoping Codes to Study the Fusion Process

In the past decade, as plasma confinement experiments have advanced nearer to
break-even, there has been a concurrent interest in the engineering problems associated
with power production from nuclear fusion. Since a magnetically confined plasma
burning D-T fuel should be a reality within the next decade, calculations of the
transport of 14 MeV neutrons through the first wall and blanket of a fusion reactor
have become particularly pertinent. Accurate computations of neutron transport are
currently feasible; however, these calculations can be labor intensive and expensive.
To evaluate the myriad of possibilities for the first wall and blanket, scoping codes to
estimate reaction rates and leakage could be advantageous for design purposes.

Engineers who do neutronic computations for fission reactors commonly use
neutron transport and diffusion codes to determine the flux profiles within a nuclear

reactor. By using a neutron diffusion code, scoping runs can be made to provide an



initial estimate for the actual flux profiles. Since diffusion calculations can be
performed more easily than the more exact calculations based on transport theory,
neutron diffusion codes are used to decrease the computational effort involved in the
trial and error process that takes place in designing the cores of nuclear reactors. In the
same manner, a need has arisen to perform flux computations for the nuclear design of

Tokamak-type fusion reactors which have a toroidal or doughnut shape.

LC Previous Studies

Several computational models have been applied to estimate the flux profile in
toroidally shaped blankets. One approach is to perform diffusion or transport
calculations in one-dimensional cylindrical geometry and to ignore the curvature
associated with the major radius. In particular, the geometry of the toroidal reactor
blanket can be approximated as an infinite right circular cylinder, so that a
one-dimensional discrete ordinates code, such as ANISNS, can be used to solve for
the neutron flux in the radial direction. This method is advantageous in that
one-dimensional codes are readily available, easy to use, and relatively inexpensive to
Tun. On the other hand, because one-dimensional cylindrical diffusion and transport
codes can not model the curvature associated with the major radius present in
Tokamaks, such codes are probably not suitable for tori with small aspect ratios.

To take into account the curvature of the major radius as well as the minor radius,
two-dimensional cylindrical calculations in 1-z geometry have been used to solve for
the neutron flux. A typical code for this method is TWOTRAN-II?, a two-dimensional
discrete ordinates transport code which can be run in r-z geometry. Although it is

possible to model the curvature of the major radius adequately using such a code,



small mesh spacings are required to correctly model curved surfaces in the r-z plane;
this can lead to costly and time consuming computations. More recently, computer
programs have been developed to perform neutron transport calculations that are more
suitable for toroidal geometry. One example of such a code is TRISMS, a
two-dimensional discrete ordinates transport code developed at Los Alamos National
Laboratory. Finally, full three-dimensional and Monte Carlo® programs have also
been applied to blanket problems. While these more advanced methods allow fluxes to

be calculated accurately, they can be quite cumbersome and expensive to use.

LD Computer Codes Used in This Work

2DB, a code written primarily for use in fast reactor calculations, provides two
options that are potentially useful for fusion reactor design.10 First, a fixed source
option will enable modeling of fusion blanket problems. Second, material depletion in
the blanket of a Tokamak can potentially be calculated by using 2DB's material
burn-up option.

ANISN, as stated previously, is a neutron transport code commonly used for
fusion blanket analysis in one dimension. It can also be used to provide for a
benchmark comparison to the one-dimensional results obtained with 2DB. In
addition, ANISN enables one to reduce the number of groups used in the calculations
by averaging over the fine groups to produce broad group cross sections. Reducing
the number of groups will prove useful in a neutron diffusion cade, since run times
can be greatly decreased, thus facilitating its use on a micro-computer.

Since ANISN is a transport code, the results for the flux distribution will be more

accurate than those obtained based on diffusion theory. In particular, if the validity of



diffusion theory in the vacuum region of a Tokamak inordinately affects the flux
distribution in the rest of the Tokamak, then results from ANISN will provide a means
to check this in 2DB.

The neutron cross section data used in the above codes will be taken from the
CLAW-IV!! library. Most of the materials suggested for fusion applications are
contained in this multi-group cross section set. Each material in the CLAW-IV library

has four cross section matrices (Pg - P3), with 30 neutron groups and 12 photon

groups coupled in each. In the diffusion calculations, only the P marrix is used.

LE Objectives of This Work

The objective of the research performed here is to produce a scoping code that can
be used for fusion blanket design. Pomraning and Stevens!2? have previously

explained a technique in which a toroidal geometry problem can be cast into

cylindrical (r-6) form by a spatially dependent redefinition of the diffusion coefficient,

absorption cross-section, and extraneous source function. Use of this method will

first be attempted in an existing two-di ional(x-y, r-z, r-0, tri ), multi-group
neutron diffusion code, 2DB, that already executes on the IBM-AT. This method will
also be assessed and compared to direct finite differencing of the toroidal diffusion
equation. The method with the most advantages will then be implemented in a new

version of 2DB that will be called 2DBTOR.

To verify that 2DBTOR is operating cotrectly, comparisons will be made to both

analytical and numerical solutions for several types of problems. ANISN and 2DB



will be used to verify the solutions obtained from 2DBTOR.

The modifications that were made to 2DB, a description of the problems and
analytical solutions used to verify 2DBTOR, and the further modifications that were
necessary to use 2DBTOR for fusion blanket calculations are presented in the

following sections of this thesis,



II. THEORY

ILA. Introduction

The design of tokamak reactors requires an accurate calculation of the flux profile in

the toroidally-shaped blanket. As stated previously, an r-@ neutron diffusion code will
be used, with the appropriate modifications, to obtain a solution for the flux while
taking into account the curvature of the torus. The solution from this modified
neutron diffusion code might then be used as a first approximation for later runs in a

more accurate transport code, such as TRISMS.

In order to make the appropriate changes so that a two-dimensional, r-8, diffusion
code can be made to model toroidal geometry, an understanding of the form of the
diffusion equation in toroidal geometry is necessary. The diffusion equation in
toroidal geometry can be developed from the equation for the time rate of change of the
number of neutrons at energies, E, in an arbitrary differential volume, dV. Neutrons
of energies between E and E+dE, within dV, can be lost or gained by a variety of
processes including: (1) production directly from a source, (2) absorption, (3) leakage
and (4) scattering. The time rate of change of the number of neutrons in dV and
between E and E+dE can be obtained by integrating the neutron density (n(r,E,1)) over
dV, and balancing this with the gains and losses as follows:



source neutron absorption change due
ngdv = |production rate| - [mmV] - | toleakage
Y nVaE aE from VatE
Teutron scattering neutron scattering
- Tate out of + Tate into
EinV EinV
where ®(r,E,t) = flux of neutrons inrat E andt = n(r,E,t)y

and v = the speed of the neutrons at E.

Equation (5) is known as the neutron continuity equation. Since the energy
dependence of the neutron cross sections vary, equation (5) is usually solved for

discrete energy groups(groups denoted by g in this case); thus equation (5) can be

written as
source neutron y change due
9 | D) production rate absorption © leakage
~]—dv = N e in V -
ot v, in V for for group, from V
v group, g ’ for group, ©®
meutron scattering neutron scattering
- rate out of + rate into
group, gin vV group, gin V

Before substituting expressions for the terms in equation (6), it is necessary to
consider the flow of neutrons in a medium. Since the neutron current vector, J(r,E,t)

is a vector quantity, then
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J-n = net rate of flow across a surface, A (n = outward (@)

unit normal to a surface, A).

To determine the total net rate of flow out of a closed surface, S, integration of

equation (7) over S yields

f TEED- ndA,

where n is the unit normal to the surface dA. Usin g the Divergence Theorem, then

f JEED. ndA = j V. iGE0dv. ®
s v

Since equation (6) will be used to solve for the neutron flux, it is necessary to relate
I(r,E,t) t0 the flux. In the diffusion approximation the relation between current and

flux is assumed to be as follows:

JEEY = DOHVOFE ©)
where D(r) = the diffusion coefficient.

Equation (9), known as Fick's Law for Diffusion, describes the flow of neutrons as
being proportional to the negative of the density(flux) gradient, since particles tend 1o
flow from a region of higher density to a region of lower density . Fick's Law is only

valid for:
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1.) points away from a vacuum boundary,

2.) points away from sources (by a few mean free paths),

3.) isotropic scattering (e.g., equal probability of scattering in any
direction,

and 4.) a slowly varying flux (absorption << scattering).13

The above conditions can be somewhat relaxed, depending on the accuracy Tequired
for the solution of equation (6).

Using Fick's Law it is now possible to express the balance equation only in terms of
the neutron flux. Substituting the right hand side (RHS) of equation (9) into the

leakage term found from the Divergence Theorem (equation (8)), then

change due

toleakage | _ (g . 5
fom v ie] = J‘vv (D OVOLE)) dV (10)
group, g

The use of Fick's Law in the neutron balance equation, equation (6), is known as the
diffusion approximation, and the resulting equations are known as neutron diffusion
equations.

The source term in equation (6) can be expressed by defining a source density,

Sg(r.t), for the group, g. If § g(1‘,:) is integrated over V, then
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source neutron

production rate _
in V for = [SeE0 av. an

group, g

If source neutrons are allowed to be produced by either fission or

extraneous(independent of the neutron flux) sources, then let

Syt = SN + SR 12)
where ng‘(f,t) = extraneous source density rate
and S ?’G.t) = fission source density rate.

The fission source density rate is given by

G average number of
fis average number of fission rate in | | neutrons released
Sg (59 = (fission neutrons emited 2 group, g' per | into group, g, that 13)
within group, g g=1 unit volume | |occur from fission
in group, g'

where G = total number of groups.

It is common to denote the average number of neutrons released into group, g, that

occur from fission in group, g, by Vg and the average number of fission neutrons

emitted within group, g, by xg.M Thus



fission rate
in group, g’ (14)

G
siifry = X, Z ve

g=l per unit volume;
Since
reaction rate
per unit = X (15)
volume

where L = macroscopic cross section,

the expression for the fission source can be written as

. G
S0 = 1, Y veI@ e 6)
g=1

The rest of the terms in the neutron balance equation can be expressed analogously to
the above. For the absorption rate term, the absorption rate per unit volume is

integrated over V to give

absorption rate _
in V for group, g] = J}Z o D) AV an

where Z, g(r) = the macroscopic absorption cross-section in group g.



Assuming that neutrons can not scatter to groups of higher energy (upscatter), then the
neutron outscattering rate term is given by(decreasing group numbers correspond to

increasing neutron energy)

a
neutron scattering rate| _ "
[ o scaterng ] - | Yoo as)

v

and the neutron inscattering rate term is given by

o
meutron scattering rate| _ |

i ‘le!(g—»g)qag tH dv (19
v

where Z(g—g') = macroscopic scattering cross-section from gtog'
and X (g—g") = macroscopic scattering cross-section from g' to g
Now that all of the terms in the neutron balance equation have been determined,

equation (6) can be rewritten. Assuming steady state (3/0t term = 0 and no upscatter,

the neutron balance equation becomes, combining terms,



G G
0= j(sg‘u %g D, (VeZi®y)~ Eay - ) (zdgmghron 0
v Prpast g=g+1

-1
+V. DDy *+ i(ix(g—w')%o) av
g=1

where the (r,t) has been dropped for clarity. Since the volume, V, was arbitrarily
chosen, equation (20) reduces to the form that follows:
- - G
Vo OFP) +Eaer Y (Zdg-rg) g = 1)
g'=g+l

G g-1
ST+ Xy D (VeEn®e) + 3 (Zdgg) O)
&=l g=1

Since the removal of neutrons from group g is caused by both downscattering and

absorption, the removal cross section for group g is defined as shown below:

G
x = Ea‘+ Z(Es(gqg'))

g'=g+1
G
= I +Z@o04 D, Ieoe) |- Tee
g=g+1

= ;- (g-g)



where E‘tl'g = the macroscopic transport cross section = 1/(3Dg) 14

Thus the removal rate/cm3 is

G
o, = 2,0+ 2 (Z(g—g)@y. 22)

g'=g+l

Finally, substituting equation (22) into equation (21) gives

G g-1

i - Xt .

VDI OYE, ST g D, (Ve E B0+ D (T (5og) D) (23)
8'=1 8'=1

To apply the above equation to practical problems, the V operator must be written
pp! q P

in the coordinate system of interest. In general orthogonal curvilinear coordinates

g 1 9dA 1 0P~ 100~
Vo = ——¢ + Frr Rl e
20u, 3du;

and

ey 1 a a a
VA= hohsAp) + —(hishiAg) + 2 (hjhA
hlh2h3a_ul( 2haAy P ) _—(BU3 1hoAz



where uj, u2, and u3 are the coordinates;

€1, €2, and e3 are the corresponding coordinate vectors;

and hy, hp, and hj are scale factors that depend on the coordinates.

For cylindrical coordinates (r,0,z)

hy=1 up=r e|=r
hy=r =98 e3=0
hz=1 uz=z e3=z.

For toroidal coordinates (r, 8, 9) (see Figure 2-1)

hy=1 up=r el =r
hy=r uz=9 e =6
h3 =R+1cosf w3 =0¢ e3=¢.15

Consider the diffusion equation in cylindrical coordinates. From the above,

19



20

R = major radius, a = minor radius, r = radial coordinate,
6 = poloidal angle, and ¢ = toroidal angle.

Figure 2-1:  Toroidal Coordinate Description.
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DV® = r?+ me+ Z; 24
Also,

S 2 1l o, _od

vV (DV®) = ;{Eﬁbﬁ) % fae) _(‘Daz) (25)

Analogously for toroidal coordinates,

D, Do®% D LN

DVo =

r+ =794 @6)
o R-T:) R +rcosB 9¢
and
>z 1 DR 9, D D
V- (DV®) = (R+mosB)D )+—((R oos) -+ —(—— "y a7)
IR +1cos6)| ar _(r o a0 E((R +100s0) 3

The diffusion equation in a cylindrical coordinate system, assuming axial

symmetry (ie., the flux, O, 0, z) depends only on the r and 6 coordinates), is

given by
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19 a0, 3 Dgalbg T
G g-1
= S DL (V0,0 + D E (gog) 0
g=1 g=1

Similarly the diffusion equation in a toroidal coordinate system with axisymmetry

(i.e., the flux, d(r, 6, ¢) depends only on the r and 8 coordinates), is given by

D D, o
1 -a—(r(R+m050)Dgwg)+ i((k +10088)—E—8) 29)
(R +rcos@)| o 30 L}

G gl
* ext .
i, 5, Loz, Sneonra,)
g=1 g'=1

ILB. Pomraning and Stevens' Method

If the toroidal form of the diffusion equation (equation (25)) is multiplied by (R +

rcos@)/R, then
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19,01 +Teoseyp, By . 1 2 'eamﬂ1'ex'q>—1re§
—Gr{r(nﬁcos )Dg?)—?g((ld—Rcos )Dgg) + +§cos)g g-( +—Rcos)g

where Sg = three terms representing sources on the right hand side

of equation (29).

If now one defines

Dg'= (1 +1/Rcos) Dy
g = (1 + 1/Reosd) Ty

Sg' = (1 +1/RcosB) Sg

Then the above equation becomes

19,0, | 3 3 r -
TR g g e =S

T

This equation is just the cylindrical diffusion equation with a modified diffusion

coefficient, removal cross section, and source function. Pomraning and Stevens'12

proposed the possibility of using an existing -0 neutron diffusion code and redefining

the diffusion coefficient, removal cross section, and source function to model the
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curvature of the torus naturally. This method was the original idea that suggested the
topic of this research ; however, this approach was later abandoned in favor of direct

finite differencing of the toroidal diffusion equation.

ILC. Finite Difference Approximation to the Diffusion Equation

in Cylindrical Coordinates

To develop a finite difference approximation for the cylindrical diffusion

equation(with axial symmetry), it is first necessary to integrate equation (28) over a

small, arbitrary volume AV (see Figure 2-2). Thus,

3 o, 3 pow j .
- D,—% &4V I & dv 30
fv;[;rm)+£(fae)}+AJ‘3]d @
A

G g1
ext v
S5 2 (95 @)+ Do) 0, v
g=1 g=l

AV

where the first term on the LHS of the equation is the leakage term, the second term on
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Bave |

fia1 raV5i+1

Figure 2-2. Finite Difference Coordinates Used in
2DB and 2DBTOR.
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the LHS of the equation is the removal term, and the RHS Tepresents the source terms

including fission and scatter. Thus for the removal term,

jAvE;@g av = Egr‘,q]gn C1 1) (O 4 -0 T, @31
r
= Egqug Vo
where @, , = flux associated with meshpoint o

and ):g’o = removal aoss section associated with meshpoint o.

Just as above, the source term on the RHS can be shown to have a Vo given by
Vo= @i41-1) 6 41-8) Iyye, - (32)

The leakage term is changed to an integral over the surface area of the volume element,

thus from the Divergence Theorem

f VDV, av = -fngwp S ndA .
AV A

Using equation (24) for the D,V®._ term (where d®/dz = 0)
8 7g
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The normal vector, n, is r or 6 for those area clements having normals in the positive r
or 8, or increasing r or 9, respectively. In the same manner, n is -r or -0 for those
elements in the -1 or -9 directions. The area element corresponding to a normal in the

r direction is rd6, while the area element for a normal in the 9 direction is dr. Thus

for the 4 area elements

D, 0P~
- ngag“’ —f0)- ndA
T T 39
A
oD ob ~ .
=-] Op5Fr+ Ds—§e)-ndA1
T 36
Ay
oD_. D, 0P~ .
8%,
S| Oy e S k) an,
Ay
~  Dod~
- (Dgarngi—eraeg)ndA:,
Ay
90 . D oD ~ .
R g
(Dg—ar—r+ TBO&G) nda,
Ay

Substituting for n and the dA's (see Figure 2-2) then the RHS becomes
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8

.

a®,. D O® -~ .
=- (Dg#r + rg—aege)urride

Ay
el
0
oD ..  DOD,~ .
(bR argr + %9} rry,, do I
L] A,
8;
Tist
0D, DD~ ~
Oy + —26)- —0dr I
26 A,
£l
T

.. DD~ ~ l
- & £9y.
(Dg—g-r+f¥9)6dr .

Ti

Sincer9=9-r=0andr-r=e-9=1, then the RHS simplifies to

9 n L T

n 8
b o, D% D9,
= D% ridel | Degtnade| + Ta] | Ffa N (33
Ay A,

r o

L} A T T,

Since the partial derivatives of the flux will be obtained by differencing the two
neighboring flux values, then letting k be the adjacent mesh Ppoint to mesh point o

gives
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d¢ P~ %
wl o

where X = r or 8 depending on the derivative being considered.

Then

8
3 =,
DyE r;d6 I =Dgl?g| 7851 -8)
Al T

— 0 -0
=Dy L8, 1; (64, - 8;)
14

Tave, Tave

where Dgy is defined to be (see Appendix B)

— D, D, (Ar,+ Ar, Dy, D, (A8 +A8))
= 8o Bk 0 0 or o8k k fork=1,2,3,0r4

Bk
Dg Ay + Dy Ary) (Dg,A8, +D, A0 )

and Dg,, = average Dg for volume element o,

Dgy = average Dy for volume element k,
Arg = Ar for volume element o,

Ar = Ar for volume element k,



A8, = A8 for volume element o, and

A8, = A6 for volume element o.

A = ri(6j+1—8_i)
Ly=r

ave;” Tave,.,

Then

i

Forrj close torj; 1, In(ri4 1/j) = (tj41 - 13). Thus,

which when used in the third term in equation (33) gives

BM
L) — by~ 0
f Dy rde ~ -D81¥A1
]

30

34)
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Do, o I n I'“‘
T 38 ©330 i

g3 Ve
T @ er-17)
BVCJ- ave“

Az = ([Tr-1;)
Ly= 6,,-0

ave;” Vave;;

D aa> 0 = 9go
~ D, 2 T80, 35
T (35)

The above process can be applied to the remaining terms of equation (33) to give
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s
D — 9,0
- Dgargri+1d9 =Dg2rg2‘_rg°1'i+1(9,'+r9j) (36)
aves,~ Tave,
6;
_ 0,-0
2 g0
T PeTL
and
“ba g, 0
D,o® — g
R 8" g - 4 80 R
T g9 & Dsaea“m_e“ej iaq-17) 37

where L2 = favei+) - Tavejs
A2 =Ti+10541-6),

Ly = Bave i1 T eavej ’

and Ag=Ti41-14.

Combining all of the above terms back into equation (30)
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= 9" 0, r
’ZD&(LL]K‘E)AK}E&:%”VU 9

G g-1
ext i
= %y, Z(vg,zf‘gg,aHZ( I, o) 0, )|V, .
g'=1 g=1

ILD. Finite Difference Approximation to the Diffusion

Equation in Torcidal Coordinates

In a similar manner as was used in the previous section, the diffusion equation in
a toroidal coordinate system can be written in finite difference form. Using the

Divergence Theorem to transpose the leakage term in the toroidal diffusion equation

(equation (29)) from a volume to a surface integral and substituting for the DgV(II‘g

term from equation (26), then
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- wﬁ Dgo®,s Dy _a_¢®g~ 4;dA+f‘lEIt‘DJdV 39)
£ r ae (R +100s6) 9 &
A

G g-1
= S v m @0+ Y (g ®,)|dv
g=1 g=1
v

The leakage term in toroidal coordinates becomes (assuming axisymmetry)

Dod -~ ..
- ] 2n(R +rcosB) (DEWE’ —9) ndA .

A

where the (R + rcos) term appears from multiplying by (R + rcos6) before taking

d®/dd = 0. As in the cylindrical form of the diffusion equation, n and the dA's are

the same, so the only difference in evaluating the toroidal form of the diffusion

equation is the (R + rcos8) terms. Thus from the above, the leakage term becomes



aog. DKB(I); a
2n | (R+ rcosf) (Dg—yr + W@)- ndA =
A

8,

i

By

00, a0
2t|' DR mosﬂ)a—rg rd8| -2xf DR +rcosﬂ}#r,-+1 a8
A A

L]

[

A

1 T
D, 0D D, a0
+n| ERwcos®)—Ldr| 2| 2r +1c056)}—E dr
r 0 4, r 0

5 L3

— 0.,-0 0 T, . .
=~ -27R Dglngglri[(ejﬂ —8)+ g (sind; 1~ sing; 1)]]

35

= 90 3
-27R DEZLZLZ—”[rH, ©;. 1= 8)+- 2 sing; , |~ sing, , )

5 95~ % 050 1,
-2nR D“_LJ— Tipr1-1p T“+ 1
= ¢g4_ ¢g mseavei
- 21:111),“‘%—'{&i s 1

For the removal term
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r T Lay 051
]VEgd)ng - Esfl’ga]; fe 21 (R + roos8) dr dO
]

L 2 2) R
= I 2R L e, -0) et (sind, | - sing))
. 2.8
= zgo¢guznn[(ri+,-r,-)rmgej 170+ ‘*3; = (sing) - sin6))
=30, 2RV,

As in the cylindrical coordinate system diffusion equation, V,, for the source term is

the sarne as the above term for Vo

A=

ri[(ej +1-6) +}% (sin6; , |~ sing; , 1)”

T; . .
A= [‘iu[(e,-u ~6))+-3! (sin; , ;- sin +1)”

Using the above, the toroidal diffusion equation in finite difference form after using
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equation (39) and dividing through by 27R becomes

4
" 2 'ﬁgk

Pe, - e 3
L A zgud’xav"

8o

G gl
t .
= [sgtey g Z (¢ Vg'):h'fpx'n) * 2( 2 (e~g) Pgo)| Vo -
g=1 g=1

Thus, the finite difference approximation to the diffusion equation in any coordinate
system results when appropriate area and volume elements are used. The differences
between the cylindrical and toroidal coordinate system area and volume elements are
listed in Table 2-1. By changing the area and volume elements to those for toroidal
coordinates, a standard neutron diffusion code can be generalized to solve the
multi-group diffusion equations in toroidal coordinates and in practice this is easier

than the redefinition of cross sections proposed by Pomraning and Stevens.
ILE. Analytical Solutions

In order to insure that the above methodology was implemented cotrectly, analytical
solutions for the flux profiles of an elementary case were obtained. Pomraning and
Stevens'?? presented the analytical solution for the diffusion of neutrons due to a line
source in a homogeneous cylindrical medium of radius, a (see Appendix A). This

cylinder did not have a central void. Approximate solutions were then derived for the
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Table 2-1. Area and Volume Elements in Cylindrical and Toroidal Coordinates.

Cylindrical

A
Ay

Ay

Ag

rl'(ejﬂ'ej)
ri+1(9j+1‘9j)

(T -1;)

Tie1- T

(ri+1'ri)(ej+1‘9j)favei

Torgida
I, . .
Uil®),1 - 8)+ Ging; - sing, , )

Tivt

[risal8;,, - 8) +—¢— Ging; , - sing;, 1]

080,04y
[ty ;.- l‘l)[_R_J_ + 1]

3

msenva.
[(r; 4, 'l'j)[—k——)+ 11
ri3+ ]

[(ri+|_ri)r:vesej+l’ej)+ " (sine,-,l—sine,)l
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flux profile within a torus of major radius, R, and minor radius, a. The analytical

result for the cylindrical problem is
kr (k) kr
*© = ‘[ “( TR )]
and the approximate result for the toroidal problem is

D(r6) ~ E{ "H Ij(kk)) kr)](l'ngose) *O((%)z)

(40)

(41)12

where k = (Z,/D) 172, Ko and I, are the zero order modified Bessel functions of the

first and second kind, respectively; and O((a/R)2) denotes an error term of order

(a/R)2. For the above solutions, the only source is a line source of unit strength at

=012,
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III. RESULTS
IILA 2DBTOR Verification and Infinite Cylinder Problems

In order to develop and verify 2DBTOR, modifications had to be made to 2DB, as
described previously in the theory section. In addition, 2DB was tested to insure that
it was operating correctly. This was done by comparing 2DB's results to both
analytical and numerical flux solutions for several types of problems. ANISN was
used to obtain numerical results to verify one-dimensional results from 2DB;
Pomraning and Stevens' solution for a solid, homogeneous torus with a line source in
the center provided an analytical verification in the limit as the aspect ratio of the torus
became large (e.g., the torus approximated an infinite cylinder).12

The first part of the investigation was to compute, using 2DB, the flux in an
infinite, homogeneous cylinder due to a line source. The radius of the cylinder was

300cm. Graphite was chosen as the material for the cylinder, since graphite has good

neutron scattering properties ( Zg >> X,) and thus should prove to give good results

for the flux profile when diffusion theory is used. A source density given by

s, =2 @'
ks

<N

where Sy = source density (n/cm3),
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D = 1/3%, = diffusion coefficient,

)Zu. = TNacroscopic transport Cross section,

and Iy = radius of the area for the source,

was input into 2DB for a small radius (ry = 6cm) which would approximate the line
source of equation (40) from the theory (see Appendix Al6). ANISN was used to
collapse the 30 group graphite cross sections to one group using Sy angular quadrature

with the Pg matrix from the CLAW-IV neutron cross section library. After collapsing
to one group, 2DBXPROC, a cross section processor to manipulate the cross sections
from ANISN's format into 2DB's format (see Appendix C for a listing of
2DBXPROC), was used so that 2DB could employ the one group cross sections for
graphite. Solutions for the flux away from the source for both the analytical
calculation and the 2DB run gave results that were in excellent agreement, after errors
for both the volume and area elements were corrected (see Appendix D). The one
group cross section set for graphite was then input to ANISN with the same conditions
as above. Solutions of the flux from ANISN were also in excellent agreement with
2DB.

After studying the infinite, homogeneous cylinder, computations were made to
determine the flux due to a uniformly distributed source of 14 Mey neutrons (see
Appendix E) in an infinite homogeneous cylinder with a central void. The source
radius was 150 cm and the inner and outer radii of the medium were 200cm and

300cm, respectively. ANISN was again used to collapse the 30 group cross section
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set for graphite to one group. In order to model the central void region, fictitious cross
sections were first input into 2DB such that the absorption cross section was zero and
the scattering cross section was equal to the transport cross section of graphite. This
method proved to give somewhat erroneous results, however, since the vaiue for the
diffusion coefficient in the vacuum region was arbitrary. To alleviate this problem, a
sufficiently thin source equivalent to the plasma source was placed at the inner edge of
the annulus (see Appendix F) and the problem was re-run. This quasi-albedo
boundary condition overcame the need for a fictitious scattering cross section in the
void. Re-runs of the above problem gave 2DB and ANISN results which were in
good agreement.

To complete the test of 2DB, some of the above problems were re-run with more
than one energy group. This served to verify that 2DB's use of the downscattering
cross sections was being performed correctly. Each problem was solved as before,
except that 9 groups were used instead of one. Again the cross sections were obtained
by collapsing the 30 group Py matrix using ANISN. Each solution of the flux was
correct for each problem done previously for graphite. Since fusion problems would
involve (n,2n) and (n,n’) reactions, it was decided to further test 2DB by using
Nb-93, which has a significant (n,2n) reaction at high energy for the problems
previously studied. The results obtained using Nb-93 in 2DB for the two cases above
(with and without central voids) were discovered to be quite different from those of
ANISN. An investigation of 2DB's source code was therefore performed to identify
the reason for the differences. It was then discovered that 2DB erroneously computed
the downscattering (see Appendix D). After correcting 2DB to compute the proper

downscatter contribution, the Nb-93 problem was re-run with a 9-group cross section
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set, and the results were in good agreement with those obtained using ANISN,

IILB 2DBTOR Verification and Toroidal Problems

After making appropriate changes, as described earlier in this thesis (i.e, change the
volume and area elements), to change 2DB to compute the flux for toroidal geometry
(see Appendices G and H), a new code was produced which was called 2DBTOR.
Using the same conditions stated previously for an infinite homogeneous graphite
cylinder with one-group cross sections and without a central void, 2DBTOR was run
for aspect ratios of 3 and 5 and compared to Pomraning and Stevens' solutions!2 for
the same aspect ratio. The solutions for the flux were in excellent agreement, These

solutions for both aspect ratios were then compared to the infinite cylinder solutions at

radii of 150cm and 250cm from 6 = 0 to 2n. The results are shown in Figures 3-1

and 3-2 for 150cm and 250cm, respectively. As can be seen from Figures 3-1 and
3-2, the flux has a minimum at the outside part of the torus (8 =0) and increased up

to the inner part (@ = & ), where the flux was a maximum. This was an expected
result since the area of the inner portion of the torus is smaller than the outer portion.
In addition, as the aspect ratio increases the solution approaches that of the infinite

cylinder.
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II.C  Standard Blanket Solutions

1.C.I Infinite Cylinder

The blanket used for this analysis is shown in Figure 3-3, and it is the so-called
‘standard’ blanket that was formulated as a benchmark for neutronic calculations.?
The materials used and their atom densities are given in Table 3-1.17 From Figure 3-3
it can be seen that the blanket consists of 10 zones, or regions, which contain one of 3
mixtures(except for the first 2 zones which are the vacuum and plasma). These are
denoted A, B, or C. Each mixture has one or more materials including Li-6, Li-7,
C-12, and Nb-93. When lithium is present in a mixture, the medium is medium is
assumed to be homogeneous with volume fractions of 94% lithium and 6% niobium.
The lithium serves as both a coolant and tritium producer, while the niobium provides
the structural function. The plasma has a radius of 150cm and occupies zone 1. A
vacuum region is located from 150cm to 200cm and occupies zone 2. The blanket
extends from 200cm to 300cm consisting of the first wall (200-200.5cm), a tritium
production region (200.5-203.5cm), the second wall (203.5-204cm), 3 tritium
production regions of 20cm thickness each (204-264cm), a carbon reflector
(264-294cm), and a final triium production region (294-300cm).

After setting up the standard blanket problem to run on ANISN, the 30-group cross
sections in CLAW-IV for all the materials were collapsed to 9-group cross sections,

with a Pg Legendre expansion and S2 quadrature to represent a diffusion theory

calculation. 50 mesh intervals were used in this computation (see Figure 3-3). The

9-group cross section set was unable to produce satistactory results for the tritium
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Table 3-1. Standard Blanket Constituents.

Material Code Letter Constituents Atom density
_(from Figyre 3-3) __(atoms/em3 x 10:24)
Nb-93 0.05556
B Nb-93 0.003334
Li-6 0.003234
Li-7 0.04038

C C-12 0.0804
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breeding ratio (TBR = tritium production rate/ source neutron rate) for both T6 (TBR
from Li-6) and T7 (TBR from Li-7). When the 9-group cross section set was input
back into ANISN for comparison to the results of the 30-group set, differences in the
corresponding zone TBR's were detected which were deemed to be unacceptable. To
overcome this problem, it was decided to use the 30-group, uncollapsed, cross
section set in 2DB and 2DBTOR for TBR computations. Again as in ANISN, 50
mesh intervals were used in both 2DB and 2DBTOR. The TBR results for 2DB and
ANISN were compared in the zones of interest (i.e., zones 4,6,7,8, and 10 where
lithium was present). The results of the 2DB and ANISN computations are given in
Table 3-2 for the above 5 zones. It is seen from Table 3-2 that there is agreement
between the results from the codes, especially in the T6 values. The T7 values are
acceptable in the inner zones but have significant error in the outer zones. Likewise,
the total TBR in the entire blanket is in closest agreement for T6, and differs by less
than 5% for T7. A comparison of the individual group fluxes showed a similarly
acceptable agreement between 2DB and ANISN. All of the above implies that 2DB
can now be used successfully to perform fusion scoping calculations in

one-dimensional geometry.

HI1.C.2 Comparison of Torus and Infinite Cylinder Models

Since 2DB was found to produce adequate results for the standard blanket

compared to the ANISN results, a comparison of the results from both 2DBTOR and
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Table 3-2. Radially Averaged Tritium Breeding Ratio's for 2DB and ANISN,

Infinite Cylinder Case.
Zone Zone T6, reaction rate per source T7, reaction rate per source
Ny i m Li- Li-
ANISN 2DB ANISN 2DB
4 200.5-203.5  0.05043 0.05776 0.08191 0.10119
6 204.0-224.0  0.30399 0.34143 0.29809 0.33643
7 224.0-244.0 0.24598 0.25690 0.12189 0.09031
8 244.0-264.0 0.29518 0.27286 0.05050 0.02108
—10  294.0-3000 0.04923 0.03955 0.00093  0.00009
Total 0.94482 0.96850 0.55331 0.54910
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2DB was made next. The 2DBTOR analysis was run in both toroidal (aspect ratios =
3 and 5) and cylindrical geometry. To begin the analysis, zones were chosen as in the
previous infinite cylinder computation, so that radially averaged TBR's could be
computed. In Tables 3-3 and 3-4, the TBR results for aspect ratios of 3 and 5 versus
the infinite cylinder results were compared for T6 and T7, respectively. As can be
seen there, the total T6 and T7 were about the same for both the toroidal and infinite
cylinder calculations. This suggested the idea that if one were only interested in global
reaction rates (e.g., not the outside versus inside reaction rates for the torus), then a
one-dimensional neutron transport or diffusion code would be adequate for
determining these quantities.

To investigate the local effects introduced by the toroidal geometry, the standard
blanket was further sub-divided into ten zones of 369 each in the angular or poloidal
direction. This resulted in 100 zones for the entire torus cross section (10 radially x 10
poloidally). The infinite cylinder T6 and T7 results are presented in Tables 3-5 and

3-6 for an aspect ratio of 3 and in Tables 3-7 and 3-8 for an aspect ratio of 5. Only the

5 zones from 0 to T are presented since the torus is symmetric about its axis (see

Figure 2-1). From these tables, it was noted that the TBR was largest at the outer part
of the torus (8 = 0° to 36 ) and decreased to a minimum value at the inner part of the

torus (6 = 1449 to 180° ). The effect of different aspect ratios was also seen by
comparing the corresponding zone rates -- e.g., the 0°1to 36° zone rate for an aspect
ratio of 3 was about 7% larger than the 09 to 360 zone rate for an aspect ratio of 5,
while the 1449 to 180° zone rate was about 10% smaller for an aspect ratio of 3.

This is a desirable result in a practical sense since the tritium on the outside part of the
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Table 3-3. Radially Averaged Tritium Breeding Ratio’s for 2DBTOR Versus 2DB,

Torus Case (Aspect Ratio = 3),

Zone Zone T6, reaction rate per source T7, reaction rate per source
mber. i bl by i I; m L
2DBTOR 2DB 2DBTOR 2DB
4 200.5-203.5 0.05767 0.05776 0.10119 0.10119
6 204.0-224.0  0.34095 0.34143 0.33643 0.33643
7 224.0-244.0  0.25667 0.25690 0.09031 0.09031
8 244.0-264.0 0.27238 0.27286 0.02107 0.02108
10 2940-3000 0.03950 _ 0.03955 0.00009 0.00009

Total 0.96717 0.96850 0.54909 0.54910
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Table 3-4. Radially Averaged Tritium Breeding Ratio's for 2DBTOR Versus 2DB,

Torus Case (Aspect Ratio = 5),

Zone Zone T6, reaction rate per source T7, reaction rate per source

2DBTOR _ 2DB 2DBTOR 2DB
4 200.5-203.5 0.05781 005776 0.10114 0.10119
6 204.0-224.0 0.34167 0.34143 0.33619 0.33643
7 224.0-244.0  0.25690 0.25690 0.09029 0.09031
8 244.0-264.0 0.27286 0.27286 0.02107 0.02108
10 294.0-300.0  0.03950 0.03955 0.00009 0.00009

Total 0.96874 0.96850 0.54878 0.54910



Table 3-5. Zone by Zone Averaged T6 for 2DBTOR Versus 2DB,
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Torus Case (Aspect Ratio = 3). Angle Measured in Degrees.

Zone T6
Number 2DB _ 0-36 3672 72-108  108-144 144-1 -
4 0.05776 0.00688 0.00644 0.00503 0.00459 0.00459 0.05504
6 0.34143 0.04091 0.03824 0.03393 0.02960 0.02691 0.33914
7 0.25690 0.03110 0.02898 0.02555 0.02209 0.01994 0.25530
8 0.27286 0.03348 0.03107 0.02714 0.02319 0.02073 0.27123
—10  0.03955 0.00495 0.00456 0.00394 000331 0.00292 0.03935
Total  0.96850 0.11732 0.10929 0.09559 0.08278 0.07509 0.96006



Table 3-6. Zone by Zone Averaged T7 for 2DBTOR Versus 2DB,
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Torus Case (Aspect Ratio = 3). Angle Measured in Degrees.

Zone i)

Number  2DB 0-36 3672 72-108  108-144 144-180 0-360
4 0.10119 0.01221 0.01141 001012 0.00884 0.00804 0.11240
6 0.33643 0.04074 0.03805 0.03364 0.02926 0.02655 0.33648
7 0.09031 0.01103 0.01027 0.00904 0.00780 0.00703 0.09034
8 0.02108 0.00260 0.00241 0.00211 0.00181 0.00162 0.02108
10 0.00009 0.00001_0.00001 0.00001 0.00001 0.0000]1 0.00009
Total  0.54910 0.06659 0.06215 0.05492 0.04772 0.04325 0.54924
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Table 3-7. Zone by Zone Averaged T6 for 2DBTOR Versus 2DB,

Torus Case (Aspect Ratio = 5). Angle Measured in Degrees.

Zone T6

Number 2DB Q-36 3672 72-108 108-144 144180 0-360
4 0.05776 0.00642 0.00617 0.00576 0.00535 0.00510 0.05758
6 0.34143 003812 0.03655 0.03402 0.03152 0.03000 0.34043
7 0.25690 0.02888 0.02762 0.02560 0.02360 0.02237 0.25612
8 0.27286 0.03095 0.02950 0.02719 0.02491 0.02347 0.27204

—10 003955 0.00454 000431 000395 000358 000335 0.03046

Total  0.96850 0.11732 0.10929 0.09559 008278 0.07509 0.96563




Table 3-8. Zone by Zone Averaged T7 for 2DBTOR Versus 2DB,

57

Torus Case (Aspect Ratio = 5). Angle Measured in Degrees.

Zone 17
- 2-1 108- 1
4 0.10119 001136 0.01089 0.01012 0.00935 0.00887 0.10117
6 0.33643 0.03786 0.03624 0.03362 0.03100 0.02938 0.33619
7 0.09031 0.01023 0.00977 0.00903 0.00829 0.00783 0.09030
8 0.02108 0.00240 0.00229 0.00211 0.00193 0.00182 0.02108
__10_ 0.00009 0.00001 0.00001_0.00001 0.00001 0.00001 0.00009
Total  0.54910 0.06186 0.05920 0.05489 0.05058 0.04800 0.54882
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torus is probably more accessible than that of the inner part. In addition, the TBR
computed in the top zone (720 to 1080 ) was about the same for both aspect ratios.
It also indicates that the toroidal TBR depended on volumetric effects, since an area on
the outer part of the torus corresponds to a larger volume than an area on the inner
part.18

D. L. Chapin of the Princeton Plasma Physics Laboratory presented the above idea
concerning volumetric effects in a topical report.!8 From Table 2-1, the volume

occupied by a specified zone is

3 3
Vo Vit e T g g @)
IR 41 1) 1uef®; - 8))

where Vi = volume of the torus,
and Ve =@+ 1 - )raye; (Oj +1- ej) = volume of the cylinder with the

same zone as the torus.

Thus, a volume factor , Fy, can be defined as

= —— = |1+
volume of the cylinder R +1"i)1’-ve(ej -8

3 3
volume of the t Ty-1; . .
oL e tons L (g , ;- sind)| @4)"*
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When Fy is multipied by the TBR given by the cylinder, good agreement is expected
between the torus TBR values and the volume corrected TBR values of the cylinder
according to Chapin.!8 Tables 3-9 through 3-12 show the differences between using
volume corrections on the cylinder T6 and T7 for aspect ratios of 3 and 5 and then
comparing to the torus's T6 and T7. This provides another check on the validity of
2DBTOR for doing toroidal scoping calculations, since Chapin's results were
produced using a Monte Carlo code, which provides very accurate analysis for toroidal
geometry. Since the TBR results from Tables 3-9 through 3-12 were in good
agrecment, it is apparent that 2DBTOR worked quite well for doing toroidal geometry
scoping computations. Of course, the real test and usefulness of 2DBTOR will be for

those designs which are not poloidally symmetric like the standard blanket used here.
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Table 3-9. T6 for 2DBTOR Versus Volume Corrected T6 for 2DB,
Torus Case (Aspect Ratio = 3). Angle Measured in Degrees.

Zone T6

Number 2DBTOR 0-36 3672 72.108  108-144. 144-180 0-360
0.05504 0.00699 0.00653 0.00578 0.00503 0.00456 0.05776

0.33914 0.04174 0.03884 0.03414 0.02945 002654 0.34143
0.25530 0.03194 0.02955 0.02569 0.02183 0.01944 0.25691
0.27123 0.03449 0.03174 0.02729 0.02283 0.02008 0.27286

10 003935 0.00518 0.00471 0.00396 0.00320 0.00273 Q.03955

Total ~ 0.96006 0.12034 0.11137 0.09685 0.08233 0.07336 096850

o N A



Table 3-10. T7 for 2DBTOR Versus Volume Corrected T7 for 2DB,
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Torus Case (Aspect Ratio = 3). Angle Measured in Degrees.

Zone 7

Number 2DBTOR 0-36 3672 72-108 108-144 144-180 0-360
4 0.11240 0.01224 0.01143 001012 0.00881 0.00799 0.10119
6 033648 0.04113 0.03827 0.03364 0.02901 0.02615 0.33643
7 0.09034 0.01123 0.01039 0.00903 0.00767 0.00683 0.09031
8 0.02108 0.00267 0.00245 0.00211 0.00176 0.00155 0.02108

10 0.00009 0.00001 0.00001 0.00001 _0.00001 0.00001 _0.00009
Total  0.54924 0.06728 0.06256 0.05491 0.04726 0.04254 0.54910
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Table 3-11. T6 for 2DBTOR Versus Volume Corrected T6 for 2DB,
Torus Case (Aspect Ratio = 5), Angle Measured in Degrees.

Zone T6
Number 2DBTOR 0-36 3672  72-108 108-144 144-180 0-360
4 0.05758 0.00650 0.00623 0.00578 0.00533 0.00505 0.05776
6 0.34043 0.03870 0.03696 0.03414 0.03133 0.02958 0.34143
7
8

0.25612 0.02944 0.02801 0.02569 0.02337 002194 0.25691
0.27204 0.03161 0.02996 0.02729 002461 0.02296 0.27286

—10 __0.03046 0.00469 0.00441 0,00396 000350 000322 0.03955

Total  0.96563 0.11095 0.10556 0.09685 0.08814 0.08275 0.96850
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Table 3-12. T7 for 2DBTOR Versus Volume Corrected T7 for 2DB,
Torus Case (Aspect Ratio = 5). Angle Measured in Degrees.

Zone 17

Number 2DBTOR 0-36 3672  72-108  108-144 144-180 0-360
4 0.10117 0.01139 0.01091 0.01012 0.00933 0.00884 0.10119
6 033619 0.03814 0.03642 0.03364 0.03089 0.02915 0.33643
7 0.09030 0.01035 0.00985 0.00903 0.00822 0.00771 0.09031
8 0.02108 0.00244 0.00231 0.00211 0.00190 0.00177 0.02108

10 000009 0.00001 000001 000001 0.00001 0.00001 0.00009

Total ~ 0.54882 0.06233 0.05950 0.05491 0.05032 0.04749 0.54910



IV. SUMMARY AND CONCLUSIONS

The objective of the research performed here was to produce a scoping code that
could be used for fusion reactor design. To this end, the present research initially

explored a technique proposed by Pomraning and Stevens!2, in which a toroidal

geometry diffusion problem is cast into cylindrical (r-8) form by a spatially dependent
redefinition of the diffusion coefficient, absorption cross-section, and extraneous
source function. This idea suggested the approach of a direct finite differencing of the
toroidal diffusion equation. Direct finite differencing proved to be more advantageous
for incorporation into a computer program and to allow the curvature of the torus to be
accounted for naturally.

The direct finite differencing approach was programmed into an existing

two-dimensional(x-y, r-z, r-6, triangular), multi-group neutron diffusion code,
2DB19, that had previously been converted to execute on the IBM-AT. Neutronic
scoping calculations relevant to fusion reactor design were then performed in a

micro-computer environment. This modified code was called 2DBTOR.

To verify that 2DBTOR was operating correctly, comparisons were made to both
analytical and numerical solutions for several types of problems. ANISN and 2DB
were used to verify and compare the solutions obtained from 2DBTOR. It was also
shown that as the aspect ratio approached infinity (e. g., the major radius became
large) the 2DBTOR solution approached the solution for that of 1-D cylindrical
geometry. After verifying the solution for a large major radius, the errors associated

with using a non-toroidal scoping code were examined versus 2DBTOR. Neutron
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cross-sections for a benchmark problem were input into 2DBTOR and the output was
compared to that from ANISN. A method proposed by Price and Chapin!8, that used
volume correction factors to compute the reaction rates in the benchmark blanket , was
utilized to provide a means of checking 2DBTOR's results versus those given by a
Monte Carlo code. It was also noted that 2DBTOR would also make possible the
calculation of depletion in the fusion blanket, which was a unique advantage of the
new program, 2DBTOR.

In future versions of the 2DBTOR program, it is anticipated that the central vacuum
should be modelled through an internal boundary condition. A separate void
streaming calculation will be used to define the internal boundary condition by
specifying the neutron flux to current ratio as a function of position along the vacuum
wall.% Improved modelling of the central void region will be required if 2DBTOR is
10 prove to be an attractive program for blanket scoping calculations,
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APPENDIX A
POMRANING AND STEVENS' ANALYTICAL SOLUTION

For an infinite line source at the center of a non-fissioning medium with radius, a,
the monoenergetic neutron diffusion equation is given by the following (assuming that
both the diffusion cofficient does not vary with position and the solution is only
radially dependent):

L =g @D

where K’ =3' s
-S_
Q= D= 0forr>0,
¢ = the flux,
XL, = the macroscopic absorption cross section,
and D= the diffusion coefficient .

Solving equation (A-1) gives the following:

9(r) = AKq(kr) + Clp(kr) (A-2)

where both A and C are constants. Using the boundary condition at r=a where ¢(2)=0

allows C 10 be given as
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K (ks)
€= A a

which when substituted into equation (A-2) gives the following:

K (ka)
1o(ka)

o) = A |Kkr) - Lk . (A-3)

In order to solve for A, one must use a source condition given by
lim 2nrJ(r) = S (A-4)
™0
where  I(1) :—Difg)— .

It can be shown that when equation (A-3) is subtituted into equation (A-4) the

following results:

it = S = 1 -
hn‘(n)l:I(r)—ZD =2m - (A-5)
Since equation (A-4) can also be written as

im £J(1) = m AkrK y(kr) (A-6)
—0 0

which from Meghreblian and Holmes, Reactor Analysis, page 185, is equal to A, this
implies that

(A7)

>
1
Sle
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When equation (A-7) is substituted into equation (A-3) the following results:

K (ka)

40 = 52 [Kolko)- 7205

Iko)| - (A-8)

In order to employ equation (A-8) for comparison to 2DB. it is necessary to
determine a volumetric source that is equivalent to the line source used in deriving the

flux solution. Thus. the line source is given by

S = Sy mr2 (A-9)

where S =the line source (n/cm-sec)

and Sy = the volumetric source (n/cm3—sec).

For Q=1 and since Q=S/D, then this implies that S; = D. When 81 =D is substituted

into equation (A-9), the resulting equation for Sy, is given by the following:

S, = n% . (A-10)

This is the Sv value that will be input to 2DB so that comparisons to the analytic

solution can be made.
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APPENDIX B
AVERAGE Dy, SOLUTION

From continuity of current for two adjacent mesh points, k and k+1 (see Figure

B-1), it can be shown that

Dy 172 Dy g 1
—x - = - . B-1
EPRAR AR el CRL) ? (B-1)
2 2
8y : . .
where - = distance from mesh pointk to mesh point 1/2
and % = distance from mesh pointk+1 to mesh point1/2 .
I I
k k+1
& 2 Tt
]

Figure B-1. Mesh points

Rearranging equation (B-1) gives the following:

Dk _ Dys] 12 Dys1 L3

—t = == < B-
B By, L) et Br ¥ &2
2 2 2 2
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which when solved for ¢1/2 yields

L Oy + ‘(bk

Srk
1/2 2 2
0= 2 (B-3)
D¢ , Din
8ry  Bryy
2 2

Substituting the RHS of equation (B-3) for the left-hand term in equation (B-1) gives

the following:
_Din Dy
5fk+1 51'); Dk e~ R @9
27 ﬂ 6l'kfl
2 2

Further simplifying equation (B-4) gives

T = Dy 41Dy (Sr + 81y, (¢k+1‘¢k)

B-5
[Dy 8rysy + Dy B | (Thorr - T B3

8r, or
k, Okl

where Tkr1 " Tk = 5

Thus, D can be defined to be
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D = DeriDy (Bry + 8ry)

(B-6)
[Dy Bryepy + Dy 81, ]

to yield

=D ¢k+1' ¢k) B.7
Jk_D("ku"'k ’ @7
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e}

a o a6 0 o

DIMENSION A(30,46.4,4),B(30,46,4,4)
OPEN(UNIT=9,FILE='STDXSC.DAT' STATUS='OLD")
OPEN(UNIT=10,FILE='STDXSC2 DAT ,STATUS="UNKNOWN")

OPEN(UNIT=9,FILE=’XPROC30.DAT STATUS="OLD")

OPEN(UNIT=10,FILE="XPROC30.0UT' STATUS="UNKNOWN')

K = NUMBER OF MATERIALS
I1=GROUP #
J=XSCTABLE #
NMAT=NUMBER OF MATERIALS
NGRUP=# OF GROUPS
NTAB=XSEC TABLE LENGTH
NSCAT=SCATTERING ORDER
NSCAT=3
NMAT=4
NGRUP=30
NTAB=46
DO 30 K=1,NMAT
DO 25 L=1,NSCAT+1
DO 20 1=1,NGRUP
READ(5,10) (A(LJ.K.L).J=1.NTAR)
FORMAT(1X/%(5(E13.5)/),E13.5)

A(L14,KL)=A(L8,K,L)
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50

FORMAT(78X.12)
CONTINUE
READ(9,13)
FORMAT(1X)

CONTINUE

READ(9,13)

CONTINUE

DO 50 K=1,NMAT

L=1
DO 40 1=1,NGRUP
WRITE(10,10) (A(LJ,K,L),J=1,NTAB)
'WRITE(10,99)
FORMAT(3X,' T.2X)
CONTINUE
WRITE(10,16)K
WRITE(10,13)
CONTINUE
K=4
L=1

DO 60 I=1,NGRUP
A(LITK L=A(16K.L)

CONTINUE

77
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L=1
DO 70 I=1 NGRUP
DO 65 J=1,15
A(LTK.L)=0.0
65 CONTINUE
70 CONTINUE

DO 170 I=1,NGRUP

DO 165 J=18 NTAB

AQIKL)=0.0
165 CONTINUE
170 CONTINUE

DO 260 I=1,NGRUP
'WRITE(10,10) (A(,J.K,L),J=1 NTAB)
‘WRITE(10,99)
260 CONTINUE
WRITE(10,16)K
WRITE(10,13)
STOP

END
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APPENDIX D
2DB ERRATA

L The area elements for r-€ geometry can be shown to be given by

Ar =Taveo A8p D-1)

Ag=Arg (D-2)

where A = radial area element and Ag = axial area element for a volume element, 0.
In the original 2DB code, the above area clements included a 2r factor. Since this is

incorrect, the 21 terms were deleted (see Appendix H, subroutine INIT). For x-y

geometry, the axial area element stays the same as above, but the radial element does

not have a raye term and thus, is given by

Ar=A8g . (D-3)

Again, the area elements in 2DB included a 27 term. The 27 terms were deleted to
cause 2DB to correctly solve the diffusion equation ( see Appendix H, subroutine
INIT).

IL. For the downscattering term in the diffusion cquation, 2DB uses the following:
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XD =3,-5- X, (D-4)

where XD = the sum of the downscattering cross sections.

It can be shown that

Ep=Z, +Z+ XD T 51 D-5)

where En,2n = (n,2n) cross section.

Substituting equation (D-5) into equation (D-4) gives the following:

XD=XD-Z, 5, . (D-6)

Since XD cannot equal XD - ):n,Zn » this implies that 2DB has incorrectly calculated
the downscattering component for those problems which have a significant amount of
(n,2n) scattering reactions taking place. Therefore, 2DB was changed so that the
downscattering term was calculated by summing over all the downscattering cross

sections for a specified group of neutrons (see Appendix H, subroutine S860).
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APPENDIX E
PLASMA SOURCE

The problem to be solved is the determination of the uniformly distributed source of
14.1 MeV neutrons in the plasma (radius = RPl) impinging upon the blanket's inner
wall at Ry,. Itis assumed that 10 MW/m2 will be the maximum wall load, thus, the

current on the inner wall is given by

MeV

1
Tox 105 10-13]) rieval ED

;- loMw 10"w)(m]( m? )
m2 MW W4 —

=4.43x 100 _
an? sec

Equating the number of neutrons emitted in the plasma to the number of neutrons
impinging upon the inner wall, then for a unit width in the toroidal direction the

balance is given by

J2mRy = FRVIRZy (E-2)

where FRV = the unifomly distributed source of 14.1 MeV neutrons in the plasma.

Rearranging equation (E-2) to solve for FRV gives the following:

T 2nR
FRY = # . (E-3)
RY
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Substitiuting for J from equation (E-1), while letting Ry, = 200cm and Rpl = 150cm,

the uniformly distributed source of 14.1 MeV neutrons in the plasma is equal to 7.88 x
1012 nfem?-sec.
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APPENDIX F
EQUIVALENT SOURCE TO THE PLASMA SOURCE
AT THE INNER EDGE OF THE BLANKET

The problem to be solved is the determination of the equivalent source at the inner

edge of the blanket ( radius = Ry, ) to the of the uniformly distributed source of 14.1
MeV neutrons in the plasma (radius = Rpl)‘ Equating the number of neutrons emitted
from the plasma to the number of neutrons emitted from a thin source (width = Ar) at
the inner wall (radius = Ry,), then for a unit width in the toroidal direction the balance
is given by

FRVARY  S.n(R,+Af?-RY)
2R, 2nR,,

(F-1)

where FRYV = the unifomly distributed source of 14.1 MeV neutrons in the plasma

and S¢ = equivalent source at the inner wall. Rearranging and' simplifying equation

(F-1) to solve for S gives the following:

FRVR ;R
S, = 7 Ppltw (F-2)

(Ro+ag®-rY)
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2DBTOR MANUAL -- REVISION
OF 2DB MANUAL (REVISION 1)

ABSTRACT

1. Program Identification: 2DBTOR is a revised version of 2DB1,

2. Description of Problem: 2DBTOR is a two-dimensional (X-Y, R-Z, R-0,
triangular, toroidal), multi-group neutron diffusion code for use in fast Teactor
criticality and burnup analysis. In addition, 2DBTOR may also be used to study
fusion blanket problems in toroidal geometry, 2DBTOR solves the multi-group
diffusion theory eigenvalue, adjoint, time absorption, fixed source and criticality

search (concentration, zone thickness, and buckling) problems.

3. Method of Solution: Multi-group finite difference neutron diffusion equations are
solved iteratively in 2DBTOR. The power method, accelerated by a fission source
over-relaxation factor calculated in the code, is used for the outer iterations. Inner

iterations are accelerated by use of an over-relaxation factor input by the user.
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1. INTRODUCTION

A number of significant additions and alterations (e.g., a toroidal geometry option
and an activity cross section option) have been made to the 2DB1 diffusion-burnup
code. In addition, some bugs were discovered in the old 2DB version which have
been corrected in the current code, 2DBTOR. This manual gives a complete
description of the code including all modifications. A description of both the
mathematical model and user instructions are given in the body of the report; a sample
problem is included in the appendix.

2DBTOR is designed for use in both fast reactor and fusion analysis. Eigenvalues

are computed by source-iteration techniques. Group rebalancing and

successive over-relaxation with line inversion are used to accelerate convergence.
Adjoint solutions are obtained by inverting the input data and redefining the source
terms.

Variable dimensioning is used to make maximum use of the available fast memory.
Since only one energy group is in the fast memory at any given time, the storage
requirements are insensitive to the number of €nergy groups.

Criticality searches can be performed on buckling, time absorption, material
concentrations, and region dimensions. Alpha and keff can be used as parametric
cigenvalues, Criticality searches can be performed during burnup to compensate for

fuel depletion.
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2. THEORETICAL FOUNDATIONS

2.1, Discretization of the Diffusion Equation

2.L1. Energy Discretization. The diffusion equation can be developed from
the equation for the time rate of change of the number of neutrons within dE of energy,
E, in an arbitrary differential volume, dV. Neutrons of energies between E and E+dE,
within dV, can be lost or gained by a variety of processes including: (1) production
directly from a source, (2) absorption, (3) leakage and (4) scattering. The time rate of
change of the number of neutrons in dV and between E and E+dE can be obtained by
integrating the neutron density (n(r,E,t)) over dV, and balancing this with the gains

and losses as follows:

3 d>(; E.) source neutron absorption change due
§;w=r"m-mmv-mhhge
v nVaE aE from Vat E
v
1
neutron scattering neutron scattering ®
- Tate out of + e nto
EinV EinV
where ®(r,E,t) = flux of neutrons atr, Eandt = n(r.E,tv

and v = the speed of the neutrons at E.

Equation (1) is known as the neutron continuity equation. Since the energy
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dependence of the neutron cross sections vary, equation (1) is usually solved for

discrete energy groups(groups denoted by g in this case); thus equation (1) can be

written as
- source neutron . change due
3 | o dv = |productonrae| HS;'E:J%D .| ©leakage
a v in V for for group, g from V
, 8 group, g ’ for group, g
neutron scattering neutron scattering
-|  rae out of + Tate into
group, gin V group, gin V

Assuming steady state (3/0t term = 0) and no upscattering, equation (2) becomes upon

substituting the corresponding mathematical expressions for the RHS terms,

G
V- OF0) +Z,0,+ D (3-8) 0 = ®
g=g+l

G g1
ST kg D (VT @) + D gog) D)

g'=1 g=1

where the (r,t) arguments have been dropped for clarity. This is the multi-group
neutron diffusion equation.

Equation (3) can be further simplified by noting that the removal of neutrons from
group g is caused by both downscattering and absorption. The removal cross section

for group g is defined as shown below:



G
X = Zz‘+ Z(Zs(geg'))

g=g+l
G
= I+ 504 O Ieog) |- Zame
g=g+l

= I,~L(e=e)

where = the macroscopic transport cross section = 1/(3Dg) .14
3 g

Thus the removal rate/cm3 is
G
f 1
IO, = I,0,+ Z(Zs(g-—)g)(’bg), @)
g'=g+1

Substituting equation (4) into equation (3) gives

G -1
- - . '
V-(DYDY)ED =S5 +X Z(VS-Zf.%) + i( Z(e-E) D) (5)
g'=1 g'=1

the form of the multi-group neutron diffusion equation used in 2DBTOR.
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2.1.2. Spatial Discretization - The Finite Difference Method. To develop

a finite difference approximation for the diffusion equation(with axial symmetry), it is

first necessary to integrate equation (5) over a small, arbitrary volume AV (see Figure
2-1) where the mesh points are considered to be in the center of the homogeneous

mesh interval. Thus,
- - T
—[ V. DEVQEdV+f ngtbg]dv ©)
AV A

G g1
- Se g D (Ve E D)+ D Eog) @, v
g=1 g=l
AV

where the first term on the LHS of the equation is the leakage term, the second term on
the LHS of the equation is the removal term, and the RHS Tepresents the source terms

including fission and scatter. Thus for the removal term,

T T
j{;vzgq’s V= 2,0,V o

where [ 20 = flux associated with meshpoint o

T
and Z,, = removal cross section associated with meshpoint o.



95

The source term on the RHS is done similarly to the above. The leakage term is
changed to an integral over the surface area of the volume element, thus from the

Divergence Theorem

j VD VO, dV = -ngVth- ndA .
av A

The flux partial derivatives will be obtained by differencing the two neighboring flux

values. Thus, volume integration of equation (5) for mesh point 0 (see Figure 2-1;

where r stands for x or r, and 0 stands for ¥, z, or 6, depending on the geometry)

leads to the expression

5.~ %, T
w[ ) A @Yo ®)

G 1
ext .
< |54y, Z(V‘.zfrfpg.nHZ( L, e 0, Vo .
g=1 g=1



where L, = removal cross section associated with mesh point 0,
S¢i' = extraneous source rak associated with mesh point 0,
Vo = volumeassociated with mesh point 0,
<I>gh = flux associaked with mesh point 0§,
Ly = distance between mesh point k and mesh point 0,
Ay = area of boundary between mesh point k and mesh point 0,
and

Dy, = effective diffusion coefficient mesh point k and mesh point 0

_ e, Dy (r, 1A Dy, Dy (48,+ 40
(D, Ar+ Dy Ar) {Dg A8, Dy AD )

where  Ary = Ar for volume element k,
A6 = A§ for volume element k

Equation (8) can be recast into a form more convenient for performing flux iterations

by rearranging equation (8) to that given below:

G 1 ¢
ext .
Se T Xe Z(Vs'xfsfpg‘u) ! Z(E5a@~g 12¢) V"*ZC"&
g=t gl
k=1
&= o , ®
DAy
where [ W (1)
Ly

4
and €= z;v“ch . ay

k=[

96
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2.2. Discussion of Boundary Conditions Used in 2DBTOR

Three boundary conditions are available in 2DBTOR: reflective, extrapolated

vacuum, and periodic. The reflective boundary conditions is used on boundaries

where V® = 0; the extrapolated vacuum boundary condition is used on boundaries
where the flux is assumed to be zero at the extrapolated boundary; and the periodic
boundary condition is used on boundaries where material conditions are repeating.

The above mentioned boundary conditions are described in more detail below.

2.2.1. Zero Flux Gradient Boundary Condition. Consider the left-hand

boundary of the one-dimensional reactor shown in Figure 2-2. Imagine that a

boundaries \

fogeank onpheron

Figure 2-2. Schematic Diagram of 1-D Reactor
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pseudo-mesh interval, interval 0, has been added on the left-hand side of the boundary

with the same composition and thickness of interval 1. Clearly, then, if V& = 0 at the

boundary, ¢ = ¢1. Therefore, since (9g-91)=0, the coefficient of (99-91). C1(see

equations (8) and (10)), is immaterial -- hence C 1 can be set equal to zero. The
calculation is therefore performed assuminf that g does not exist and C1 = 0.

2.2.2. Zero Flux Boundary Condition. Again, imagine that a pseudo-mesh
interval with the same composition as interval IM has been added to the right hand side
of the boundary in Figure 2-2. Now, since OpM # 0 and dppp41 =0, the coefficient of

(Ovi-91M+1) in equation (8) cannot be disregarded. In fact, from equation (10), it is
clear that

C, = DyAx
e =
SARpy+ T1R,,

where Ay is assumed to equal 1/Z
Note , as in the reflective boundary condition case, that there is no contribution of

the pseudo-flux in equation (9). For a zero flux gradient, Cy = 0; whereas for a zero

flux, ¢y = 0.
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2.2.3. Periodic Boundary Condition. Periodic boundary conditions are only
available for the top and bottom boundaries(e.g., boundaries in the y, z, or 8
direction). In this option(see Figure 2-3),

$v =99

oM+ =91

and _
DyAk
5(AR; + ARy

/ boundaries \

Ci1-IM) =

1 N P O P LN
'.IAR(}'I‘ARJ" _.IARM'.I"I-““u"

Figure 2-3. Schematic Diagram of 1-D Reactor

It should be stressed that the pseudo-mesh intervals discussed above are not in any

way a part of the code. They are mentioned here only for heuristic purposes.
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2.3. Discussion of Triangular Mesh Option

Since most fast reactors are composed of hexagonal assemblies, 2DBTOR
includes a triangular mesh option. Hexagons are formed by appropriate grouping of
six triangular mesh intervals.

In the triangular mesh option, the (i,j) coordinate grid is composed of a rectangular
array of triangles. As in the other geometry options, the mesh points are placed in the
center of each interval, or triangle. See Figure 2-4 for a simple 3 x 4 example. In

contrast to the other geometry options, however, the mesh boundaries must be equally

spaced. In fact, the radial (RB;) and axial (GBJ') mesh boundaries must be computed

by the expressions

FTF .
®B, = )2, LMl (12)
oB; = G- TOF FLaIMdL 3

where FTF is the flat-to-flat hexagon width.

Only vacuum and reflective boundary conditions are available with the triangular
mesh option. The user is cautioned against using reflective left and right boundaries
since this implies no surface leakage from each mesh interval on the left and right

border.
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Figure 2-4. Triangular Mesh Example (3x 4)

2.4. Iterative Solution Methods of 2DBTOR

Within the 2DBTOR code, two distinct levels of iteration may be found for
general problems. The top level of iteration (i.c., outer iterations) is for the spatially
and energy-group summed fission sources. The second level of iteration (i.e., inner
iterations) is for the individual group fluxes that result from a given source.

The following sections describe both the inner and outer iteration procedures used

in 2DBTOR and discuss the methods used to accelerate those procedures.
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2.4.1. Outer Iterations, Outer iterations in 2DBTOR are based on the power
iteration method. That is, at each outer iteration, a total fission source is calculated.
Upon convergence, the ratio of the latest fission source to the previous fission source
is the eigenvalue. Thus, the eigenvalue is used to renormalize the fission sources
between outer iterations, and the ratio berween normalized fission source iterates
approaches 1.0.

For search problems, the eigenvalue is defined to be the value of the search quantity
(e.g., time absorption, zone thickness,etc.) that produces criticality. In these
problems, the eigenvalue is used to change the problem at each search step so that the
fisdsion source ratio still approaches 1.0 at convergence.

For each outer iteration, the inner iteration procedure starts with group 1 and
sweeps through the groups in order of decreasing energy. The downscattering
component of the source for the current group is calculated from the latest values of the
higher energy fluxes.

Fission source over-relaxation is employed in 2DBTOR to accelerate convergence,
The procedure is as follows: After the new fission source rate profile, F¥+1y, is
calculated, a second "new" value, F¥+13, is computed by magnifying the difference

between the new fission source rate and the old fission source rate, Thus,

v+1

Fy" = BV gt RY,

where [' is the fission source over-relaxation factor. Ev+1 is than normalized to give

the same total source as Fv+l1,
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2.4.2. Tnner Iterations. TInner iterations are computed using successive line
over-relaxation (SLOR). That is, the fluxes on each vertical (or horizontal) line are
simultaneously computed (by the familiar Crout reduction technique) and then

over-relaxed using

DO G

where P is the over-relaxation factor. Inr-q problems or problems involving periodic
boundary conditions, direct inversion is performed on vertical lines beginning at the
left boundary and proceeding by column to the right boundary. In triangular problems,
direct inversion is performed along horizontal lines beginning at the bottom boundary
and proceeding by row to the top boundary. In all other situations, direct inversion is
performed along the dimension with the most mesh points. One mesh sweep is

defined as one inner iteration,
The flux over-relaxation factor, 8, is an input parameter. The fission source

over-relaxation factor, ', is computed internally from the expression

B'=10+06B-1) .
As in the original version of 2DB, the flux in each group is normalized (by
balancing the total source rate and loss rate) immediately before each group-flux

calculation. Thus, a one-region problem with zero-gradient boundary conditions
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would be solved in exactly one outer iteration.
It should be mentioned that an alternating direction SLOR scheme (using line
inversion for rows and then colums in altemation) is included as an option to enhance

convergence for problems involving tight mesh spacing in both directions.
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3. USER'S GUIDE

3.1. 2DBTOR Input Data Description (Logical Unit 5)

This section describes the input data for the 2DBTOR code. The input has the

following general structure:

Section Description

A Title Card

Single Integer and Real Numbers
Cross Section Data

Fixed Source Data (if needed)

Miscellaneous Data

Mmooy AW

Burnup Data

Each input section is begun on a new line and ended on a later line by a terminate
marker. A "T" anywhere on a nontitle card or on a line by itself constitutes a terminate
marker.

Each of the input sections will be described below. Locations of the terminate
markers will also be given. The length of each data section is denoted by the number
or variable in slashes "//" by the input description. The expression in braces "{}" by
the input description is the condition that requires the input to be present. If no

condition is given, the input is always needed.
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The data format conventions used by 2DBTOR are described fully in Section 3.3.
Succinetly descibed, however, 2DBTOR uses free format augmented by an operator
notation, which conserves space in the input.

Further details about the various input options for 2DBTOR may be found in

Section 3.2, which immediately follows the input data description.

A. Title Card - (4A20 Format)

B. Single Integer and Real Numbers

B.1 Integer control parameters 113/

Variable
—Name Description
1. A02 0- regular calculation
1- adjoint calculation
2. 104 Eigenvalue type

0- distributed source (D.)

1- eigenvalue calculation

2 - time absorption (cr) search
calculation (E.7.)
3 - concentration search (C)

calculation



. IGM

Variable

Description

S02

NXCM

MCR

Go7

4 - zone thickness search (8)
calculation (E.11.-14.)

5- buckling (B2) calculation
(E.5.)

Parametric eigenvalue type

0 - no effect

1 - eigenvalue (keff)

2-a(E7)

Number of energy groups

Position of 6

Number of downscattering
terms

Number of cross section

sets to be read from

cards/tape (+N/-N)
+Ngoto C)

Maximum number of inner
iterations for each group

per outer iteration (suggested

value 2 20)

107
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Variable
_Name — Description

9. DOs Maximum number of outer

iterations(suggested value > 50
for general usage but D05 = 1
fixed source calculations without
fission)
10. MAXT Maximum run time (minutes)
11. NPRT Print option
0 - mini
1 - midi
2 - cross sections
3 - fluxes
12. MO7 Flux guess
0 - no effect
1 - flux guess from file
FOR14.DAT
13. NPUN Flux dump
0 - no effect
1 - flux dump to file
FOR16.DAT

Terminate Marker



B.2 Integer control parameters 114/

Variable
Name _Description

1. IGE Geometry parameter
0- X-Y
1- R-Z
2 - R-6 or toroidal (B.2.2.)
3 - triangular
4 - toroidal

2. ITOR Toroidal specifier (0/1 = R-6/
toroidal)

3. NACT Number of activities (E.15.)
0 - no effect
>0 - read table positions
for N activities

4, 1%8 Number of radial fine mesh
intervals

5 M Number of axial fine mesh
intervals

6. ZM Number of zones (or regions)

7 MT Total number of material

(IMCRI + mixtures formed in



10.

12

13.

14.

Variable

—Name

110

Descrinti

MoO1
BO1

BO2

B03

B04

Jz

mixing table)
Mixing table length
Left boundary condition
0 - vacuum

1 - reflection
Right boundary condition
0 - vacuum

1 - reflection

Top boundary condition
0 - vacuum

1 - reflection

2 - periodic

Bottom boundary condition
0 - vacuum

1 - reflection

2 - periodic

Number of radial zones
Q- no effect

>0 - only if 104 = 4
Number of axial zones
0 - no effect

>0 - only if 104 =4
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Terminate Marker

B.3 Floating point control parameters /6/

Variable
_Name _Description
1 EV First eigenvalue guess
2. EVM Initial eigenvalue modifier
for search problems, zero
otherwise
3. S03 parametric eigenvalue
4. BUCK Buckling (cm-2) (E.5)
5. LAL Lower limit for A in search
calculations, zero otherwise
6. LAH Upper limit for X in search

calculations, zero otherwise

Terminate Marker
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B4 Floating point control parameters /6/

Descrini

Variable

—Name
1. EPS
2. EPSA
3. Go6
4 POD
5 ORF
6. S01

Eigenvalue relative convergence

criterion (suggested value,

EPS = 0.0001)

Parametric convergence criterion

Pointwise flux relative

convergence criterion, zero
otherwise (suggested value,

EPSA = 2.0*EPS)

Paramater oscillation damper

(suggested value, POD = 1.0)

Over relaxation factor

(suggested value,

1.0sORF<2.0)

S01<0, power (MWT) for R-Z

geometry, (power/height

(MWT/cm) for all but

R-Z geometry)

S01>0, neutron source rate

(n/em3) (0.0 for source

without fission)



Terminate Marker

B4 Floating point control parameters /1/ {ITOR = 1}

Variable
—Name _Description
1. BIGR Major radius (cm)

Terminate Marker

C. Cross Section Data {MCR>0}

Variable
N Descripii
1. HOLNMCR) Name of isotope
2. ATW(MCR) Atomic weight of isotope

Terminate Marker

ITL = NXCM + IHT + 1 = Cross section table length
3. CATL,IGMMT) Read cross sections

for first group /ITL/.

113



4. Terminate Marker

5. Repeat C.3 and C.4 for all groups /IGM-1/

6. Repeat C.1 - C.5 for all materials /MT-1/

D. Fixed Source Data {104 = 0)

Variable
I I D g :
1. S2(IM*IM) Source in first group

2. Terminate Marker

3. Repeat D.1 - D.2 for all groups /IGM-1/

E. Miscellaneous Data

Descripi

1. Radial mesh line coodinates defining the IM fine mesh

intervals /IM+1/ (should be strictly ascending in order)

114
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Terminate Marker

Description

2. Axial mesh line coordinates defining the TM fine mesh

intervals /IM+1/ (should be strictly ascending in order)

Terminate Marker

3. Zone numbers by fine mesh interval /IM*JM/

Terminate Marker

4. Material numbers by zone /IZM/

Terminate Marker

5. Buckling coefficients by zone /IZM/ {104=5 or BUCK>0}

Terminate Marker

6. Fission spectrum data /IGM/ (the sum of the entries should
equal 1.0 for eigenvalue calculations (104=1))
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Terminate Marker

Description
7. Neutron velocities by group /IGM/ (104=2 or $02=2)

Terminate Marker

8. Mixture material numbers in mixing table /MO1/ {MO01>0}

Terminate Marker
9. Comp material bers of mi in mixing table /M01/
{M01>0)
Terminate Marker

10. Atom densities of component materials in mixing table /M01/
(M01>0)

Terminate Marker

11. Delta option radial zone numbers by fine mesh interval /IM/

{104=4)

Terminate Marker
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12. Delta option radial zone modifiers /1Z/ {104=4}

Terminate Marker

13. Delta option axial zone numbers by fine mesh interval /JM/

{104=4}

Terminate Marker

14. Delta option axial zone modifiers /JZ/ {104=4)

Terminate Marker

15. Cross section table position for activities /NACT/ (NACT>0)

Terminate Marker

16. End of problem identifier (NCON)

0 - End of problem (only if no burnup)

>0 - Take time step of DELT and read burnup data for

N isotopes (F.)

<0 - Take time step of DELT (F.)
(DELT is in Burnup Data)
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Terminate Marker

F. Bumup Data {NCON#0}

F.1 Integer control parameters |1/

Variable
_Name Description
1. DELT Time step (days)

Terminate Marker

F .2 Integer control parameters 112/ (NCON>0})

1. MATN(NCON) Material sequence number
of burnable isotope

2. NBR(NCON) 0 - No effect
1 - Fertile isotope
2 - Fissile istope

3. LD(NCON) 0 - No decay source

N - Decay source from

burnable isotope N



Variable
Name

Description

LCN(NCON,1)

LCN(NCON,2)

LFN(NCON, 1)

LEN(NCON,2)

LFN(NCON,3)

LFN(NCON,4)

LFN(NCON,5)

0- No capture source

N - Capture source from
bumable isotope N

0- No capture source

N - Capture source from
bumable isotope N

0- No fission source

N - Fission source from
burnable isotope N

0 - No fission source

N - Fission source from
bumable isotope N

0- No fission source

N - Fission source from
bumnable isotope N

0- No fission source

N - Fission source from
burnable isotope N

0- No fission source

N - Fission source from

burnable isotope N

119
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Variable
Name Description
11. LEN(NCON,6) 0- No fission source
N - Fission source from
burnable isotope N
12, LFEN(NCON,7) 0- No fission source

N - Fission source from

burnable isotope N

Terminate Marker

F 3 Integer control parameters /1/ (NCON>0}

1. ALAM(TEMP) Decay constant for decay
of burnable isotope N (days-1)
(0.0 for no decay)

Terminate Marker
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3.2. Supplemental Input Information for 2DBTOR

3.2.1. Cross Section Considerations. Cross sections input into 2DBTOR are

ordered for each group as shown in Table 2.

Table 2. Order of cross sections in 2DBTOR

G activity 1 (optional) g

© activity N (optional) g (N=IHT - 4)
o fission g
© absorption g
vo fission g
G transport g IHT
© selfscatter g—g THS
o downscatter g-1-g

g

g

g
© downscatter g-NXCM—-g ITL

If activity cross sections are not present, then IHT = 4.
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The absorption cross section is used only for editing purposes. If a removal cross
section is to be calculated, then 2DBTOR computes this by subtracting the self scarter
cross section from the transport cross section.

Material numbers in 2DBTOR start at 1 and go through MT (the user specified total
number of materials). Materials entered by cards or tape start at 1 and run through
MCR (the user-specified number of materials from cards or tape). Materials formed in
the mixing table are numbered from MCR+1 through MT.

The cross section mixing table is controlled by three input arrays: 10, 11, and I2.
The length of the cross section mixing table (MO1) is specified by the user. It is
important to remember to initialize each array to zero before performing a mix in the
mixing table since 2DBTOT does not do this internally in the program.

For each row of entries in the mixing table, three operations are possible. First, all
of the cross sections in a given material number may be multiplied by a constant. This
option is useful in number density variations. Second, a set of cross sections may be
multiplied by a constant and added into another material. This option is useful in
mixing cross sections. Finally, all of the cross sections of a material may be multiplied
i)y the eigenvalue. This option is useful in concentration searches (104 =3).

Table 3 illustrates the three options available from the mixing table:
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Table 3. 2DBTOR mixing table options

Material Component Concentration or
Number Number Numeric Constant
__Options (I0) (168} (I2)
1 M 0 X
1 M 0 X
1 M 0 X

3.2.2. Search Considerations. The 2DBTOR code computes implicit

eigenvalue searches on time absorption, material composition, zone thickness, and

material buckling. In contrast to a keff calculation, the fission spectrum is not
multiplied by 1/A after each outer iteration. Instead, after a converged A has been
obtained (| AVt -AVI<g) by a sequence of outer iterations, the desired parameter is

perturbed to make A approach unity. That is, first a converged A is calculated for the

initial system. The system is then altered by the amount specified in the input (the

eigenvalue modifier) and a second converged A is calculated. Subsequent parameter

changes are determined using either linear or parabolic interpolation procedures. The

iteration is continued undl I1- M <&,

3.2.2.1. Time Absorption (o calculation). For simplicity, consider the one group,

time dependent neutron diffusion equation
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T 2., - -
%a:’t) = DV dr,t) -Z 9(r,) +vIHT,Y . (14)
v
If one now assumes that
- - Ot
oy =6 . (15)
then equation (14) can be rewritten in the form
2. o - .
DV () -(Z,+ —0r) + VEH(I) =0 . (16)
v

In a time absorption calculation, the parameter o, as defined and used in equations

(15) and (16), is computed as the eigenvalue. Note that /v is effectively an

absorption cross section -- hance the name "time absorption.”

3.2.2.2 Material C ation (C calculation). 2DBTOR can perform an extremely

flexible and comprehensive criticality search on material composition. Any number of

materials can simul usly be added, depleted, or interch d in any number of
zones,

The format for specifying concentration searches can best be described by a simple
example. Suppose that a zone mixture, say Mix 10, is to be composed of Materials 2
and 4. Further, assume that Material 2, with an initial density of 0.02

(atoms/barn-cm), shall be varied to obtain criticality, and Material 4 shall have a fixed
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density of 0.04 (atoms/barn-cm).
The 10, T1, and I2 arrays would then be set up as shown in the following

tabulation.

Mi; r (I Material Number(11) Density(I2)
10 0 0
10 2 0.02
10 10 0
10 4 0.04

The first row (10,0,0) instructs the code to clear a storage area for Mix 10. The
second row (10,2,0.02) causes Material 2 to be added to Mix 10 with a density of
0.02. The third row (10,10,10) cuses the current contents of Mix 10 to be multiplied
by the eigenvalue. Finally, the last row (10,4,0.04) instructs the code to add Material
4 to Mix 10 with a density of 0.04.

All of the foregoing can be summarized by the expression

£, = 0.026,EV+0.040, an

Z( = macroscopic cross section for Mix 10,
Go= microscopic cross section for Material 2,

G4 = microscopic cross section for Material 4,

EV = the eigenvalue.
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3.2.2.3 Zone Dimensions (8 calculation). 2DBTOR searches on reactor dimensions

by varying the dimensions of each axial an radial mesh interval. Each mesh width,

8ri, is computed from the expression

8t = 8rb1+ (mesh modifier) EV] , (18)

where 8rl is the initial mesh spacing and EV is the eigenvalue. Different mesh

modifiers can be specified for each axial and radial mesh interval.

3224 Buckling (B2 calculation). In a buckling search, the quantity D;B2, where D;

is the zone dependent diffusion constant for group i, is added to the ith group

absorption cross section. The in-group scattering cross section, cigg, is reduced by

the same amount so that the calculated total cross section remains equal to the input

total cross section. The buckling is then computed as the eij I

3.2.3. Burnup Model. The basic burnup equation for each zone has the form

i io—ie .k 2—j— . T —m-
% = AN'-0, ON'+A N+ Yo, 0N/ + Yo, oN™ (19)
j=1 m=1

where:



127

= density of nuclide i,

N = decay constant for nuclide i,
Ga = spectrum averaged absorption cross section for nuclide i,
Of = spectrum averaged fission cross section for nuclide i,

G = spectrum averaged capture cross section for nuclide i,

¢ = total average flux.

The last two terms in equation (19) allow provision for two capture and seven fission
sources. The latter option, for example, could be used to compute the fission product
buiidup.

Each input time step is arbitrarily subdivided into 10 smaller times steps. Equation
(19) is then solved as a march-out problem using the subdivided time intervals. If one

rewrites equation (19) in the form

- = N (20)

Nj, = Nj+7(fj+fm) , @n

where j is the index on time and 8t is the fine-step time interval.

Observe that equation (21) is implicit in the sense that Nj+1 must be known in
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order to compute fj+1. One must therefore iterate on N at each time point. This
procedure leads to the algorithm

vl -

8t
Njyy = Nj+7(

f+ti @)

where v is the iteration index.

3.2.3.1. Remarks on Burnup Equations. The zone averaged flux and cross sections
appearing in equation (19) are computed before each time step. The total reactor
power (from the burnable isotopes) and flux profile (relative zone fluxes) are held
constant during the fine-step march-out described by equation (22).

It should be clear from the mathematical model presented that relatively short time
steps should be employed if rapid variations in isotopic concentrations or flux profiles

are anticipated.

3.2.4. Source Problems. 2DBTOR will compute the flux profiles resulting from
an extraneous (in space and energy) source distribution. The following suggestions

will assist the user in running source problems:

1. A source problem is meaningless (and will not converge) if k>1.0.
2. Convergence can be accelerated by giving the code an estimate of k (Card 3,
Word 1).

3. A good estimate of the initial total neutron production rate (Card 6, Word 6)
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will enhance convergence. This value can be estimated using the simple

expression

N =X , 23)

where:
N = total neutron production rate from fission,
§ = total neutron source rate from extraneous source,

k = multiplication constant.

3.2.5. Remarks on Code Operation.
1. Since the input data is inverted for transposed calculations, all group
indicies in the output of adjoint cases are transposed. Furthermore, the balance tables

in adjoint calculations do not have a direct physical interpretation.

2. The material inventory tables are inapplicable for a mixture specification

more complex than a mix in a mix (e.g., a mix in a mix in a mix).

3. An isotope cannot be mentioned more than once in the same mix in
burnup calculations. If mentioned more than once in other calculations, the printed

inventory will be incorrect.

4. Although the new eigenvalue and material densities are computed and
printed after the last time step, the zone averaged cross sections and reaction rates are

not. These can easily be obtained, however, by simply taking 1 extra burnup step of
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zero length. Similarly, the zone averaged cross sections and reaction rates can be
obtained in non-burnup runs by simply calling for 1 (dummy) burnup step of zero

length.

5. A flux dump is given only when:
1) A dump is called for, and

2) The burnup time is zero.

Thus, if a dump is called for in a burnup calculation, only one dump (the initial flux) is

given.
6. Tight mesh spacing in the dimension perpendicular to line inversion can
cause excessive running time. Thus, if tight mesh spacing is used, it should be along

the dimension containing the most mesh intervals. For the same reason, the "dummy”

dimension in one-dimensional problems should contain large mesh intervals,

3.3 2DBTOR Format Description

3.3.1 Operators. Generalized Format = OPnn xx

—_

. nn = first subfield with integer entry
OP = operator = second subfield with character entry

- xx = third subfield with real or integer entry

2w

There must not be a delimiter (blank or end of card) between the first

and second subfields.
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5. There must be a delimiter between the second and third subfields.
6. There must be a delimiter between the third subfield of one operator and

and the first subfield of the following operator.

Tator Description

1. C Continue the current array nn times with the

Pprevious xx entries

2. F Fill the remainder of the current array with xx
3. I Linear interpolation; generate nn entries between xx
Operator Description
and the previous number
4. R The value xx is generated nn times
5. T Terminate the current array

3.4. Printed Output Description

The first output section of 2DBTOR is a brief edit of the first 37 input data preceded
by the title card. The size of the array required to run the problem is printed after the
above edit. If more or less than the required 37 entries is read than an error message is
printed and the calculation stops.

The next section is an edit of the cross section , source, mesh interval, and zone
data, First, a cross section edit is printed with a list of the cross sections read followed

by a consistency check. If the problem involves a great amount of inelastic scattering,
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then this check can be ignored. Second, if a source problem is run, then the source
distribution is printed for each group. Each group source distribution is preceded by
the required number of entries. Third, an edit of the mesh intervals is performed for
both the radial and axial points. Again, each edit is preceded by the required number
of entries. Finally, an edit of the zone numbers by mesh interval followed by an edit
of the material numbers by zone is printed. Each of the above edits is preceded by the
required number of entries.

The next section consists of an edit of the fission spectrum and mixing table data.
The fission spectrum is printed for all groups. Next, the mixing table is printed for the
10, 11, and 12 arrays. Again, the required number of entries is printed.

The next section consists of a map of both the zone numbers by mesh interval and
the material numbers by fine mesh interval. This provides a means to get a picture of
the problem. If more than approximately 50 mesh intervals are used in the radial
direction, then the printed inventory will leave off the excess due to problems with
printing off the page. This will cause an error, which will not stop further running of
the problem,

The next section is a brief edit of the time in days that the problem was started, of
the mixing table in easy to read format, and of the cross sections (NPRT22) input into
the problem for each group.

After printing out the input edits above, the number of inner iterations per outer
iteration with the associate eigenvalue, ei genvalue slope, and lambda after the outer
iteration are printed. This is followed by a balance table, which lists the number of
fissions, in-scattering neutrous, out-scattering neutrons, absorptions, and leakage for

each group. The total for each neutron process follows the above. The neutron
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multiplication constant (not kegf) is printed, followed by an edit of the radii, average
radii, axii, and average axii dimensions.

Next, if NPRT >2, then the flux by mesh interval for each group followed by the
total flux by mesh interval is printed. This is followed by the power density
(MWT/liter) for each mesh interval.

To end the problem (if no burnup is required), a brief edit of both the mass
(kilograms) and volume (liters) inventory for each zone is printed followed by their
totals. This concludes the problem.

If a burnup run is called for, then the amount of days in the burnup followed by
another eigenvalue edit and balance table edit is printed. Next, a brief edit of the

burnup input dat is printed in easy to read format. Finally, the absorption and fission

rates for each material burned by zone is printed with the number density of each

material called in the burnup.

4. PROGRAMMER'S GUIDE TO 2DBTOR

4.1. 2DBTOR Files Description

Logical
Unit —_ Name _ _Format  _Usage
3 FOR3.DAT Unformatted Cross section storage
4 FOR4.DAT Unformatted Scratch storage

5 TORACTS.DAT Formatted Input



4.2 2DBTOR Subroutines

—Name

CALC
INP

ERRO2
S860

5862
5864
REAG2
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TORACTS.0UT Formatted Output
FOR8.DAT Unformatted Flux storage
FOR9.DAT Unformatted Source storage
FORIO.DAT Unformatted Scratch storage
FOR11.DAT Unformatted Scratch storage
FOR12.DAT Unformatted Scratch storage
FOR14DAT Unformatted Input of a flux dump
FOR15.DAT Unformatted Scratch storage
FOR16.DAT Unformatted Qutput of a flux dump
_ Function

Main program

Controls reading and printing of all input dat,

computes variable dimension pointers, and computes

program constants

Prints error messages

Reads cross sections from cards, performs adjoint

reversals if required, and writes cross section tape

Reads input fluxes and prepares a flux tape

Reads input source and prepares a source tape

Reads floating point data



REAI2
RREAG2
MAPR
INIT

CLEAR
FISCAL

58830

OUTER
INNER
INNER1
INNERT

INNER2
INNERP

IFLUXN
IFLUXL
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_Function

Reads integer data

Reads toroidal data (major radius)

Produces a picture by zone and by material
Performs adjoint reversals, mixes cross sections,
modifies geometry, and calculates areas, volumes,
and fission neutrons

Sets an array of a specified length to a constant
Calculates fission sums and performs outer iteration
normalization

Prints time, eigenvalue, lambda, etc. after each outer
iteration

Performs a complete outer iteration

Calculates flux in a specified group

Calculates coefficients for the flux equation
Calculates coefficients for the flux equation in
triangular geometry

Calculates flux in a specified group

Calculates flux in a specified group for periodic
boundary conditions

Normalizes flux before each group flux calculation
Normalizes flux before each group flux calculation

(used for toroidal geometry source problems)
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58850

$8847

PRT

GRAM

INPB

AVERAG

MARCH
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Function

Performs convergence tests and computes a new
eigenvalue for search calculations

Prints the monitor line, group fluxes, total flux,
power density, and fission source rate

Computes and prints group totals

Prints any IM*JM array

Calculates and print the zone volume and the mass
of each material in each zone

Reads and prints the input burnup data

Calculates zone averaged fluxes, fission cross
sections, absorption cross sections, and breeding
ratio

Calculates the time dependent isotopic concentrations

4.2.1. Subroutine Calling Sequences.

—Subroutine — CalledBy —_ Calls

CALC - INP, INIT, FISCAL,
§8830, ERRO2, OUTER,
CNNP, 58850, GRAM,
INPB, AVERAG, MARCH

INP CALC $860,8862, 5864, REAG2,

REAILZ, RREAG2, MAPR,
ERR(O2



ERRO2

5860
8862
5864
REAG2

RREAG2
MAPR
INIT
CLEAR
FISCAL
58830
OUTER

INNER

INNER1
INNERT
INNER2
INNERP
IFLUXN

IFLUXL
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Called By Calls
CALC, INP, REAL2, -
REAG2, INIT, CNNP
INP -
INP REAG2
INP REAG2
INP, 862, 5864 ERR0O2
INP ERR(2
INP -
INP -
CALC CLEAR, ERR02
INIT, GRAM --
CALC -
CALC, S8850 -
CALC INNERI1, INNER,
INNERP
OUTER IFLUXN, IFLUXL
OUTER -
OUTER -
OUTER IFLUXN, IFLUXL
OUTER IFLUXN

INNER, INNER2,
INNERP
INNER, INNER2



CNNP
$8850
88847
PRT
GRAM
INPB
AVERAG
MARCH

Called By Calls
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CALC ERRO02, CLEAR
CALC PRT, 58830, $8847
58850 -

S$8850 -

CALC CLEAR

CALC -

CALC -

4.3. Selected Definitions of Variables and Arrays Used

Variabl Descriti
** INTERNAL VARIABLES **

NINP Input tape

NOUT Output tape

NCR1 Cross section tape

NFLUX1 Flux tape

NSCRAT Scratch tape

NSORCE Source tape

ALA Lambda

BO7 Used for internal computation in FISCAL and INIT

CNT Convergence trigger for lambda

CVT Convergence trigger

DAY Burnup time in days



Vasiab]
DELT
EO(IGP)
E1(IGP)
E2(IGP)
E3(IGP)
E4(IGP)
E5(IGP)
E6(IGP)
E7(IGP)
E8(IGP)
EX(IGP)
EOL
E02
E03

EQ

EVP
EVPP
FEF
GBAR
GLH
IGEP
IGP
IGV
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Description
Length of time step (days)

Fission rate

Fission source

In-scatter and extraneous source
Out-scatter

Absorptions

Left leakage

Right Jeakage

Top leakage

Bottom leakage

Total leakage

Temporary

Temporary

Temporary

Temporary for S852(CNNP)
Previous eigenvalue

Eigenvalue for two iterations back
Energy released /fission (215MeV)
Group indicator

Initial clock time in seconds
IGE+1

IGM +1

Group indicator for inner and outer



ITEMP1
ITEMP2

1zp

JP

Ko7
KPAGE

LAPP

NCON

NGOTO
ORFP
P02

_Description
Position of sigma self scatter
Position of sigma transport
Inner iteration count for a single group
IM*IM
M+1
Temporary
Temporary
Temporary
Cross section table length
IZM +1
IM+1
Not used
Page counter for moritor print
Lambda for previous eigenvalue
Lambda for two iterations back
Lambda for previous iteration
Loop count (total Il in a single outer iteration)
MCR +MTP
-/0/+ = take time step of DELT/ end of probleny/
take time step of DELT and read burnup data
Temporary
ORF for (1-lambda) <10*EPS

Outer iteration count
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__Variable _Description

PBAR Temporary

SBAR ‘Temporary

SK7 Sum of K7 over all groups

TO6 0/1 = no effect/delta calculation

T7 Alphafvelocity

Ti1 Previous fission total

TEMP Temporary

TEMP1 Temporary

TEMP2 Temporary

TEMP3 Temporary

TEMP4 Temporary

TI Time

TSD (MW-sec)/(fissions)

Vi1 Total source for the group

**INPUT VARIABLES**

ID20) ID card

A02 0/1 = flux calc./adjoint calc.

104 Eigenvalue type (0/1/2/3/4 = source/keff/alpha/
concentration/delta/buckling)

502 Parametric eigenvalue type (0/1/2 = none/keff/alpha)

IGM Number of groups

NXCM Number of downscattering terms

MCR Number of materials from cards
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Descripion

Number of materials from tape

Inner iteration max per group (if neg., alt dir)

Max number of outer iterations

Max run time (minutes)

Print option (0/1/2/3 = mini/midi/Xsec/fluxes)

Flux guess (0/1 = none/flux from FOR14.DAT)
Flux dump (0/1 = none/ flux dump to FOR16.DAT)

Geometry parameter (0/1/2/3/4 = X-Y/R-Z/R-8/triangular/
toroidal)

Number of radial intervals

Number of axial intervals

Number of zones

Total number of materials including mixes
Number of mixture specifications

Left B. C. (0/1 = vacuum/reflective)

Right B. C. (0/1 = vacuum/reflective)

TopB.C. (0/12 = vacuum/reflective/periodic)
Bottom B. C. (0/1/2 = vacuum/reflective/periodic)
Radial zones (delta option only)

Axial zones (delta option only)

Number of activations

Eigenvalue

Eigenvalue modifier
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Variable Description
S03 Parametric eigenvalue
BUCK Buckling
LAL Lambda lower
LAH Lambda upper
EPS Eigenvalue convergence criterion
EPSA Pointwise convergence criterion
GO6 Inner iteration test (if O no test)
POD Parameter oscillation damper
ORF Over-relaxation factor
S01 -/+ = power(MWT)/neuton source rate
**ARRAY VARIABLES**
ATW(ML) Material atomic weight
HOLN(ML,2) Material name
ALAM(ML) Decay constant (days~1)
CO(ITL,MT) Cross section array for current group
NO(IM,IM) Total flux (old)
N2(IM,JM) Total flux (new)
AO(IP) Radial area element
AldM) Axial area element
FO(IM,IM) Fissions (old)
F2(IM,IM) Fissions (new)
I0(M01) Mix number

I1(MO01) Material number for mix



Varigble

__Description

12(MO1)
I3(MO1)
K6(GM)
K7aGM)
MO(IM,IM)
M2(IM,IM)
RO(IP)
RI(IP)
R2(IM)
R3(1Z)
R4(IM)
R5(IM)
S2(IM,JM)
VOIM,JM)
V7aGM)
Z0(JP)
Z1(JP)
Z20M)
23(02)
Z40M)
Z5(0M)
CXS(IM,IM,3)
VOLAZM)

Material density

Material densities for gram calc.
Fission spectrum (effective)

Fission spectrum (input)

Zone numbers

Material numbers by zone

Current radii

Radial zone numbers (delta calc. only)
Radial zone modifiers (delta calc. only)
Average radii

Delta-R

Fixed source

Volume elements

Neutron velocities

Current axii

Axial zone numbers (delta calc. only)
Axial zone modifiers (delta calc. only)
Average axii

Delta-Z,

Constants involving cross sections for flux calculation

Zone volume (liters)

144



Variable
MASS(ML,IZM)
MATN(ML)
NBR(ML)
LDML)
LCN(ML,2)
LEN(ML,7)
PHIB(IZM)
AXS(ML,IZM)
FXS(ML,IZM)
MASSP(ML,IZM)
CXR(IM)
CXT(M)

HA(IM OR JM)
PA(IM OR JM)
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Description

Material inventory in each zone

Material number for burnable isotopes
0/1/2 = none/fertile/fissile

Source isotope for decay

Source isotopes for capture

Source isotope for fission

Zone averaged flux

Spectrum averaged absorption cross section
Spectrum averaged fission cross section
Material inventory in each zone (previous)
Constants for right boundary

Constants for top boundary

Temp storage for line inversion

Temp storage for line inversion
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TLIST2.FOR
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Wednesday, February 21, 1990 12:42 pm

PROGRAM 2DB

2 TAPES=INPUT, TAPES=QUTPUT,, TAPE3=MCR1, TAPEG=MSCRAT ,

3 TAPEB=MFLUX1, TAPEF=HSORCE ,

4 TAPE14=NFL1, TAPE16=MFLXD, TAPE15=HXS)

* %%« DESCRIPTION OF SUBROUTINES % # % *

cALC MAIN PROGRAM--SETS UP TAPE UNITS AND CALLS INP, INIT,
FISCAL, SBA30, ERRO2, CUTER, CNNP, SB850, GRAM,
INPB, AVERAG, AND MARCH.

NP SUBROUTINE TO CONTROL THE READING AND PRINTING OF ALL
INPUT DATA, CONPUTE VARIABLE DINENSION POINTERS AND
PROGRAM CONSTANTS. INP IS CALLED BY CALC AND CALLS
860, SB62, S864, REAG2, REAIZ, MAPR, AND ERRO2.

ERRO2 ERROZ IS USED TO PRINT AN ERROR MESSAGE. IT IS CALLED
BY CALC, INP, REAI2, REAGZ, INIT, AND CNNP.

5860 SUBROUTINE TO READ CROSS SECTIONS FROM CARDS, PERFORM
ADJOINT REVERSALS IF REQUIRED, AND WRITE CROSS SECTION
TAPE. SBSO IS CALLED BY INP.

$862 S862 READS INPUT FLUXES AND PREPARES A FLUX TAPE. IT IS
CALLED BY INP AND CALLS REAG2.

864 $864 READS IMPUT SOURCE AND PREPARES A SOURCE TAPE, [T
1S CALLED BY INP AND CALLS REAGZ.

REAGZ SUBRGUTINE TO READ FLOATING POINT DATA. REAGZ 1S CALLED
BY INP, SB62, AND SB64. REAGZ CALLS ERROR.

REAIZ SUBROUTINE TO READ INTEGER DATA. REAI2 IS CALLED BY INP
AND CALLS ERRO2.

HAPR SUBROUTINE O PRODUCE A PICTURE BY ZONE AND
MATERIAL. MAPR IS CALLED BY INP.

wr INIT PERFORNS ADJOINT REVERSALS(SBO0S), MIXES CROSS
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CLEAR
FISCAL

$8830

QUTER
INNER
INNERT
INNERT
I Hﬂélz
INNERP

TFLUXN

CNNP
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Wednesday, February 21, 1990 12:42 pm Page 2

SECTIONS(S807), MODIFIES GEOMETRY(S810), AND CALCULATES CALC 43
AREAS AND VOLUMES(S811), AND FI1SSION NEUTRONS(S821). CALC 44
INIT IS CALLED BY CALC AND CALLS CLEAR AND ERROZ. CALC 45

CALC 48
CLEAR SETS AN ARRAY OF A SPECIFIED LENGTH TO A GIVEN CALC 47
CONSTANT. THE SUBROUTINE IS CALLED BY INIT AND GRAM, CALC 48

CALC 49
CALCULATES FISSION SUMS(S822) AND PERFORMS CALC 50
NORMALIZATION(S823). FISCAL 1S CALLED BY CALC. CALC 51
CALC 52
S8830 IS THE MONITOR PRINT SUBROUTINE--PRINTS TIME, CALC 53
EIGENVALUE, LAMBDA, ETC. AFTER EACH QUTER ITERATION. CALC 54
IT IS CALLED BY CALC AND S8850. CALC 55
CALC 56
PERFORMS A COMPLETE OUTER ITERATION. CALLS INNER1, CALC 57
INNER, AND INNERP. OUTER IS CALLED BY CALC. CALC 58
cALC 59
CALCULATES THE FLUX IN SPECIFIED GROUP. IT IS CALLED CALC

BY OUTER AND CALLS IFLUXN. CALC

CALC
CALCULATES COEFFICIENTS FOR THE FLUX EQUATION. INNER1 CALC
IS CALLED BY QUTER. CaLC

CALC
INNERT CALCULATES COEFFICIENTS FOR THE FLUX EQUATION FOR CALC

TRIANGULAR GEOMETRY. INNERT IS CALLED BY OUTER. CALC

CALC
CALCULATES THE FLUX IN SPECIFIED GROUP. [T IS CALLED CALC
BY OUTER AND CALLS IFLUXN. CALC

CALC
CALCULATES THE FLUX IN SPECIFIED GROUP FOR PERIODIC B. C.CALC
IT IS CALLED BY OUTER AND CALLS IFLUXN. CALC

CALC
SUBROUTINE 7O NORMALIZ2E THE FLUXES BEFORE EACH CALC
GROUP FLUX CALCULATION. 17 IS CALLED BY INNER, INNERZ, CALC
AND INNERP. CALC

CALC
PERFORMS CONVERGENCE TESTS(S851) AND COMPUTES A NEW CALC
EIGENVALUE FOR SEARCH OPTIONS(S852). CNNP (S CALLED caLC

BIIIFANAIIISRLIEAREGRLS
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58850

PRT

INPB

AVERAG

MARCH

Wednesday, February 21, 1990 12:42 pm

BY CALC AND CALLS ERRO2 AND CLEAR.

FINAL PRINT SUBROUTINE--PRINTS THE MONITOR LINE,
GROUP FLUXES, TOTAL FLUX, POWER DEMSITY, AND FISSION

SOURCE RATE. IT IS CALLED BY CALC AND CALLS PRT, S8830

AND S8847,

SUBROUTINE TO COMPUTE AND PRINT GROUP TOTALS. S8847 IS

CALLED BY $8850.

SUBROUTINE TO PRINT ANY IM*JM ARRAY. IT IS CALLED BY
$8850.

CALCULATES AND PRINTS THE MASS OF EACH MATERIAL IN EACH

ZONE AND THE ZONE VOLUME. IT IS CALLED BY CALC AND
CALLS CLEAR.

SUBROUTINE TO READ AND PRINT THE INPUT BURNUP DATA.
IS CALLED 8Y CALC.

AVERAG CALCULATES 20ME AVERAGED FLUXES, FISSION CROSS

SECTIONS, ABSORPTION CROSS SECTIONS, AND BREEDING RATIO.

THE SUBROUTINE IS CALLED BY CALC.

‘SUBROUYTINE TO CALCULATE THE TIME DEPENDENT 1SOTOPIC
CONCENTRATIONS. MARCH IS CALLED BY CALC.

® % % & & INTERNAL VARIABLES * * » » &

NINP
NOUT
NCR1
NFLUX1
NSCRAT
NCR1
ALA
BO7
CNT

INPUT TAPE

OUTPUT TAPE

CROSS SECTION TAPE

FLUX TAPE .

SCRATCH TAPE

SOURCE TAPE

LAMBDA

USED FOR INTERNAL COMPUTATION IN FISCAL AND INIT
CONVERGENCE TRIGGER FOR LAMBDA
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H

CALC

CALC

CALC
CALC

CALC
CALC
CALC
CALC
CALC
caLc
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
cALC

8/LRRLUN8BBIRGERARLS

888

103
104
105
106
107
108
109
110
m
12
113
114
115
116
17
118
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oT

DAY
DELT
EO(16P)
E1(IGP)
E2(1GP)
E3(16P)
E4(1GP)
ES(IGP)
E6CIGP)
E7(1GP)
E8(1GP)
ES(CIGP)
E01

E02

E03

EQ

EVP
EVPP
FEF
GBAR
GLY
16EP
1GP

1sv

Ins

IHT

n

nam

w
ITENP
1TEMP1
1TEMP2
Im

1tid

P

K07
KPAGE

NP OO NN NONANAaNNAONNNONNAAONORNONAO0O0

Wednesday, February 21, 1990 12:42 pm

CONVERGENCE TRIGGER

BURNUP TIME IN DAYS

LENGTH OF TIME STEP (DAYS)

FISSION RATE

FISSION SOURCE

IN-SCATTER (AND EXTRANEOUS SOURCE)
OUT-SCATTER

ABSORPTIONS

LEFT LEAKAGE

RIGHT LEAKAGE

TEMPORARY

TEMPORARY FOR S852 (CNNP)

PREVIOUS EIGENVALUE

EIGENVALUE FOR TWO ITERATIONS BACK
ENERGY RELEASED PER FISSION (=215 MEV)
GROUP INDICATOR FOR TAPE MOTION IN SB24 (OUTER)
INITIAL CLOCK TIME IN SECONDS (INTEGER)
1GE + 1

M+ 1

GROUP INDICATOR FOR INNER ANO OUTER
POSITION OF SIGMA SELF SCATTER

POSITION OF SIGMA TRANSPORT

INNER ITERATION COUNT FOR A SINGLE GROUP
(G

N+t

TEMPORARY

TEMPORARY

TEMPORARY

CROSS SECTION TABLE LENGTH

™+

N+

NOT USED

PAGE COUNTER FOR MONITOR PRINT
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CALC

CALC
CALC
CALC
CALC
CALC

19
120
121
122
13
12

126
127
128
129
130
131
132
133
134
135
136
137
138
139

141
1%2
143
14k
145
146
147
148
149
150
151
152
153
154
155
156
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TLIST2.FOR Wednesday, February 21, 1990 12:42 pm Page 5
LAP LAMBDA FOR PREVIOUS EIGENVALUE CALC 157
LAPP LAMBDA FOR TWO ITERATIONS BACK CALC 158
LAR LAMBDA FOR PREVIOUS ITERATION CALC 159
Lc LOOP COUNT (TOTAL II IN A SINGLE OUTER [TERATION) CALC 160
ML MCR + MTP CALC 161
NCON NEG/ZERO/POS=TAKE TIME STEP OF DELT/END OF PROBLEM/ CALC 162

TAKE TIME STEP OF DELT AND READ BURNUP DATA CALC 163
NGOTO TEMPORARY CALC 164
NPRT 0/1/2/3=MINI/MID1/CROSS SECTION/FLUX PRINT
ORFP ORF FOR 1 - LAMBDA LESS THAN 10*EPS CALC 166
P02 OUTER ITERATION COUNT CALC 167
PBAR TEMPORARY CALC 168
SBAR TEMPORARY CALC 169
k7 SUM OF K7 OVER ALL GROUPS CALC 170
T06 0/1=NOT DELTA/DELTA CALCULATION CALC 171
7 ALPHA/VELOCITY CALC 172
™ PREVIOUS FISSION TOTAL CALC 173
TEMP TEMPORARY CALC 174
TENPY TEMPORARY CALC 175
TEMP2 TEMPORARY CALC 176
TENP3 TEMPORARY CALC 177
TENP4 TEMPORARY CALC 178
T TINE CALC 179
18D (MW-SEC)/(FISSIONS) CALC 180
Vil TOTAL SQURCE FOR THE GROUP CALC 181
CALC 182
#® %4 & INPUT VARIABLES (CARDS 1-5) # * % # » CALC 183
CALC 184
10¢20) IDENTIFICATION CARD CALC 185
A02 0/1=FLUX CALCULATION/ADJOINT CALCULATION CALC 187
104 EIGENVALUE TYPE (1/2/3/4/5=KEFF/ALPHA/CONCENTRATION/CALC 188
DELTA/BUCKLING) CALC 189
02 PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA) CALC 190
1M NUMBER OF GROUPS CALC 191
NXCM NUMBER OF DOWNSCATTERING TERMS CALC 192
MCR NUMBER OF MATERIALS FROM CARDS/TAPE (+N/-N)
Liid NUMBER OF MATERIALS FROM TAPE CALC 194

MO M NOONRNANNNORNANNNNNANNOONORNNAODADONADND

607 INNER ITERATION MAX PER GROUP (IF NEG, ALT DIR)
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S04
D05
MAXT
NPRT

ORF
501

Wednesday, February 21, 1990 12:31 pm
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Page 6

INVERSION DIRECTION (0/1=NO EFFECT/ALTERNATE DIRECTICALC 199

MAXIMUN NUMBER OF OUTER ITERATIONS
MAXIMUN TIME (MINUTES)

PRINT OPTION (0/1/2=MINI/MIDI/MAXI)
FLUX GUESS (0/1=NONE/INPUT FROM TAPE 14)
FLUX DUMP (D/1=NONE/DUMP TO TAPE 16)

GEQMETRY  (0/1/2/3=X-Y/R-2/R-THETA/TRIANGULAR)

NUMBER OF RADIAL INTERVALS

NUMBER OF AXIAL INTERVALS

NUMBER OF MATERIAL ZONES

TOTAL NUMBER OF MATERIALS INCLUDING MIXES
NUNBER OF MIXTURE SPECIFICATIONS

LEFT  BOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE)
RIGHT BOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE)
TOP BOUNDARY CONDITION (0/1/2=VAC/REFL/PERIODIC)!
BOTTOM BOUNDARY CONDITION (0/1/2=VAC/REFL/PERIODIC)!

RADIAL ZONES (DELTA-OPTION ONLY)

AXIAL Z0NES (DELTA-OPTION ONLY)

NUMBER OF ACTIVATIONS

FIRST EIGENVALUE GUESS

EIGENVALUE MODIFIER

PARAMETRIC EIGENVALUE

BUCKLING

LAMBDA LOWER

LAMBDA UPPER

EIGENVALUE CONVERGENCE CRITERIA
POINTWISE CONVERGENCE CRITERIA

INNER ITERATION TEST (IF ZERO, NO TEST)
PARAMETER OSCILLATION DAMPER
OVER-RELAXATION FACTOR

NEG/POS=POWER (MWT)/NEUTRON SOURCE RATE

® ® % &% SUBSCRIPTED VARIABLES * * * # #

ATW(ML)
HOLN(ML, 2)
ALAM(ML)
COCITL,HT)

MNNNMANPNOONNONNOONONAONONNRDNONAONADOO B0 O
m
<

MATERIAL ATOMIC WEIGHT

MATERIAL NAME

DECAY CONSTANT  (DAYS-1)

CROSS SECTION ARRAY FOR CURRENT GROUP

CALC 202
CALC 203
CALC 204
CALC 205
CALC 206
CALC 207
CALC 208
CALC 209
CALC 210
CALC 211
CALC 212
CALC 213
CALC 214
cALC 220
CALC 221
CALC 222
CALC 223
CALC 224
CALC 225
CALC 226
cALC 227
CALC 228
CALC 229
CALC 230
CALC 231
CALC 232
CALC 233
CALC 234
CALC 235
CALC 236
CALC 237
CALC 238
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NOCIM, UMY
N2(1M, 4Ny
AOCIP)
ATCIN)
FOCIN, JM)
F2CIM, M)
10¢MO1)
11CHO1)
12(M01)
13(M01)
K6C1GH)
KTCIGHM)
NOCIM, JM)
M2(12M)
ROCIP)
RICIP)
R2(INK)
R3C12)
R4CIN)Y
R5CIN)
S2(IM, JM)
VOCIM, JM)
V7(IGM)
20¢0P)
21¢4P)
22¢JM)
B
Z4{IM)
25¢M)
CXS(IN,JM,3)
VOL(IZM)
MASS(ML, IZM)
MATN(MLY
NBR(HL)
LDCHL)
LCN(HL, 2)
LENCHL, 7}
PHIB(IZW)

POaPONONPONNaONENDNNARAODODONONONRNOADOOG
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TOTAL FLUX (OLD)

TOTAL FLUX (NEW)

RADIAL AREA ELEMENT

AXIAL AREA ELEMENT

FISSIONS (OLD)

FISSIONS (NEW)

MIX NUMBER

MATERIAL NUMBER FOR MIX

MATERIAL DENSITY

MATERIAL DENSITIES FOR GRAM CALCULATION
FISSION SPECTRUM (EFFECTIVE)

FISSION SPECTRUM (INPUT)

ZONE NUMBERS

MATERIAL NUMBERS BY ZONE

INITIAL RADLI

CURRENT RADII

RADIAL 20KE NUMBERS (DELTA CALCULATION OWLY)
RADIAL ZONE MODIFIERS (DELTA CALCULATION ONLY)
AVERAGE RADII

DELTA-R

FIXED SOURCE

VOLUME ELEMENTS

NEUTRON VELOCITIES

INITIAL AXIT

CURRENT AXII

AXIAL ZOME NUMBERS (DELTA CALCULATION ONLY)
AXIAL ZONE MODIFIERS (DELTA CALCULATION ONLY)
AVERAGE AXI1

DELTA-2

CONSTANTS INVOLVING CROSS SECTIONS FOR FLUX CALC.
ZONE VOLUME (LITERS)

MATERTAL INVENTORY IN EACH ZONE

MATERIAL NUMBER FOR BURNABLE ISOTOPES
0/1/2=NO EFFECT/FERTILE/FISSILE ISOTOPE
SOURCE 1SOTOPE FOR DECAY

SOURCE [SOTOPES FOR CAPTURE

SOURCE [SOTOPES FOR FISSION

ZONE AVERAGED FLUX

154
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C  AXSCML,IZM)  SPECTRUM AVERAGED ASSORPTION CROSS SECTION cALE 277
c FXSCML,1ZM)  SPECTRUM AVERAGED FISSION CROSS SECTION CALC 278
€ MASSPCML,IZH) MATERIAL INVENTORY IN EACH 2ONE (PREVIOUS) cALC 279
C RGN CONSTANTS FOR RIGHT BOUNDARY cALC 280
c CXTC(IM) CONSTANTS FOR TOP BOUNDARY CALC 281
€ HACIM OR JH) TEMP STORAGE FOR LINE INVERSION CALC 282
c PA(IM OR JM) TEMP STORAGE FOR LINE [NVERSION CALC 283
c CALC 284

INCLUDE ‘ABC.FOR’

COMMON /PACKED/A(50000)

OPEN(UN1T=3,STATUS=* SCRATCH' , FORM=’UNFORMATTED )
OPEN(UN1T=4,STATUS="SCRATCH' , FORM="UNFORMATTED )

C  USE BELOW ON A VAX HRAZ2
4 OPEN(UN1T=3, FILE='FOR3.DAT/, STATUS=/SCRATCH/ , FORM='UNFORMATTED /) HRA2
c OPER(UNIT=4, FILE=/FOR4.DAT’, STATUS=’SCRATCH' , FORK="UNFORMATTED’) HRA2

OPEN(UNIT=3, FILE=toract5.DAT’,STATUS=OLD’ , FORN=/ FORMATTED )
OPENCUNIT=6, FILE="toract5.0UT*,STATUS=/UNKNOWN , FORM=* FORMATTED )
OPEN(UNIT=8, STATUS=*SCRATCH' , FORM=UKFORMATTED’ )

OPEN(UNIT=9, STATUS=/SCRATCH' , FORM="UNFORMATTED” )

C  USE BELOM ON A VAX HRA2

c OPEN(UNI V=8, F[LE=!FORB.DAT ' ,STATUS=/SCRATCH’ , FORM=/UNFORMATTED ‘)  HRA2

c OPEN(UNIT=9,FILE=/ FOR9.DAT' ,STATUS=SCRATCH* , FORM=/UNFORMATTED)  HRA2
OPEN{UN1T=10, FILE= FOR10.DAT" . TED')
OPEN(UNIT=11,FILE= FOR11.DAT’  STATUS='UNKNOWN’ 'm'UIFWHED')
OPENCUNIT=12,FILE=' FOR12.DAT/ ! B TED)
OPENCUNIT=14, FILE='FOR14.DAT/ TED!)

OPEN(UNIT=15, FILE="FOR15.DAT/ ,STATUS=UNKNOWN , FW"WF“MTTEO‘)
OPEN(UNIT=16, FILE=' FOR16.DAT/ ,STATUS='UNKNCWN’ , FORM=’UNFORMATTED" )

1 CONTINUE
REW1ND 3 CALC 291
REWIND & CALC 292
REWIND 8 CALC 293
REWIND 9 CALC 294
CALL INP(BIGR) HRAZ 295

102 CALL INITCACLKS), ACLK7), ACLID), ACLI1), ACLI2), ACLMO), A(LM2), CALC 296

ACLND), ACLRO}, ACLR1), ACLR2), ACLR3}, ACLR4), A(LRS), CALC 297
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2 ACL20), ACLZ1), A(LZ2), A(LZ3), A(LZ4), A(LZ5), ACLAO), CALC 298
3 ACLAT), ACLFO), ACLCO), ACLVD), Im, IN, A(LVT), CALC 299
4 JM, MT, ML, ACLGAM), A(LHOLN))
CALL FISCAL (ACLNO),A(LFO) ,A(LVO) ,A(LCO) ,ACLKS) , CALC 301
2 ACLMO) ,A(LM2),1TL,NT) CALC 302
c CALL MONITOR PRINT CALC 303
101 CALL 8830 CALC 304
T0 (100, 106, 106, 107}, NGOTO CALC 30#
106  CALL ERRO2(‘*MONPR’,106,1) HVX
< PERFORM AN QUTER ITERATION CALC 307
107  CALL QUTER( ACLAO), A(LA1), ACLCO), ACLFO), A(LK6), CALC 308
1 ACLMO), A(LM2), A(LNO), ACLN2), CALC 309
2 A(LS2), A(LVO), A(LV?), ACLZ5), CALC 310
3 ACLF2), ITL, MT, A(LCXS), iM, JM, A(LR5), A(LR4), CALC 311
4 A(LZ4), ACLCXR), ACLCXT), ACLHA), ACLPA),A(LR1), ACLZ1)) HRA2
c PERFORM FISSION CALCULATION CALC 313
CALL FISCAL CACLNO),ACLFO) ,A(LVO) ,ACLCO) ,A(LK6) , CALC 314
2 A(LMO) ,A(LM2),ITL,NT) CALC 315
c PERFORM CONVERGENCE AND NEW PARAMETER CALCULATIONS CALC 316
CALL CNNP (A(LF2), A(LK6)) CALC 317
GO TO (100, 101, 102), NGOTO CALC 314
c 1007101/102=FINAL PRINT/MONITOR PRINT/SEARCH CALCULATION CALC 319
100 CALL SB8SO(A(LF2),A(LN2),ACLR1),A(L2Z1),A(LR4),ACLZ4),ACLVT), CALC 320
1IN, JM,ACLN2),A(LCOY,ACLND)  ACLMO) , A(LM2) ,ACLFO), ITL MT)
CALL GRAM(ACLMASS), AC(LVOL), A(LATW), ACLHOLN), IM, JM, CALC 323
ACLMO), ACLM2), ACLVDY, ACLIO), ACLET), ACLI2), WL, CALC 324
2 ACLI3)) CALC 325
CALL INPB(ACLMATN},ACLNBR),ACLLD),ACLLCN) ,ACLLFN),ACLALAN), CALC 326
1 ACLHOLN) ML, A(LI2)) CALC 327
1F (NCON) 170,1,170
170 CALL AVERAGCA(LPHIB),A(LAXS) ACLFXS),ACLMATN), ACLMASS),ACLATY), WLP
1 A(LVOL),ACLCO), ACLN2),ACLMO)  A(LVO),ACLHOLN) ML, 1TL, CALC 330
c 2 A(LNBR),A(LT6) ,ACLT8),ACLNTWON)) HRAZ
2 ACLNBR),ACLACT ), NACT ,A(LACPOS) } HRAS
IF (DELT) 180,1,180 L5
180  CONTINUE WLP
CALL NARCHCA(LPHIB), ACLMATN),ACLFXS),ACLAXS),A(LVOL),ACLMASS), wLp
1 ACLMASSP)  ACLALAM) ,ACLLD) ,ACLLCNY , ACLLFN) ML, CALC 334
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2

1
2

1

2 VOC1), VZC1), 25¢1), F2(1), COCITL,INTY, HACT), PAC1),
3 CXS(JIN,JJM,3), R5¢1), R4(1), 24(1), CXR(1), CXT(1)
INTEGER GBAR, PBAR, SBAR
INCLUDE ‘ABC.FOR’
1Gv=1
c ‘SOURCE CALCULATION
REWIND 12
10 CONTINUE
READ(NCRY)  (CCOCI,M), I=1,1TL) M=1,HT)
< READ(11) (XR(M),M=1,HT)
READ(11) (XD(M),M=1,HT)
DO 1110 M=1,MT
1110 CONTINUE
TF (104} 15,12,15
12 READ (NSORCE) (S2¢I), 1 = 1,1MJN)
60 10 30
15 D020 1=1,IMMM
20 szch=0.
30 IF(AO2) 60, 40, 60
40 DO S50 I=1,IMIM
50 S2(1)=S2(1)+K6C1GYI*FOCI)
GO TO 80
60 DOTO 1=1,IMIM
TTENP1=HO(1)
ITEMP1=M2( ITEMP1)
70 $2(1)=82¢1)+CO(IHT-1, ITENP1)*FO(I)

.FOR
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A(LI0), ACLIT),A{LI2),ACLN2))

GO TO 102

END
SUBROUT!

INE QUTER (AD, A1, CO, FO, K&, MO, M2, NO, N2,
2, VO, V7, 25, F2, JTL,JNT, CXS,

JIM, 1IN, RS, Ré, 26, CXR, CXT, HA, PA,R1,21)

DIMENSION XR(50),XD(50)

DIMENSI|

OK  AOC1), ATC1), FO(1), K6(1), WOC1), M2(1),
NOC1), N2(1),R1C1),21(1),  S2(1),

80 GBAR=1GV+IHS-1TL

1F(GBAR:

-1) 90, 100, 100

157
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CALC 335
CALC 336
CALC 337

oQuTE
QUTE

2
3

vm Ny

17
18
19

21
22

2
25

27

30
N
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90 GBAR=1
100  PBAR = IHS + IGV - 1
1FCPBAR - ITL) 115,115,110
110 PBAR = ITL
115 IF(GBAR - IGV) 120, 140, 140
120 READ (NSCRAT) (N2(I),I=1,IMJH)
DO 130 I=1,INJN
ITEMP1=MO(1)
ITEMP1=M2( ITENP1)
LTEMP=1TEMP1
TEMP=CO(PBAR, ITENP)
130 S2(1)=S2¢1)+N2CI)*TEMP
6o 10 150
140 READ (NFLUX1) (N2(1),1=1,IMJM)
150  GBARSGBAR+1
PBAR=PBAR-1
IF(GBAR - IGV) 120, 140, 160
160 IFCIGV - 1GM) 180, 170, 180
170 REWIND NCR1
REWIND 11
REWIND 12
180 Vv11=0.
DO 190 =1, IMJM
S2(1)=S2(1)*VO(I)
190 viI=vit+s2(1)
E2(IGV) = V11 - E1(1GV)
c SOURCE-ALPHA
200 IF(104 - 2) 210, 240, 210
210 IF(so02 - 2) 230, 220, 230
220 T7 = SO3/V7CIGY)
GO TO 250
20 T17=0.0
G0 To 270
260 T7 = EV/VI(IGY)
250 DO 260 K =1, IZM
[TENP1 = N2(K)
260  COCIHS, ITEMP1) = CO(IHS,ITEMP1) - 17

270

CONTINUE

Wednesday, February 21, 1990 12:31 pm
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32z
33
34
35
36
37
38
39
40
“
42
&3
&
&5
46
47
48
49
50
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€ GROUP FLUX CALCULATION e 68
280 11=0 UTE 69
IFCVIT) 290, 370, 290 ouTE 70
290 IFCIGE - 3) 292,294,292 ouTE 71
292 CALL INNER1(MO, M2, CXS, VO, CO, AD, 25, RS, R4, Zé, A1, IM, JN, OUTE 72
1 1L, CXR,CXT,XR,XD,R1,21) HRAZ 73
60 TO 296 wrE 74
294 CALL INNERT(MO, M2, CXS, VO, CO, AD, 25, RS, Ré, 24, A1, IM, UM, OUTE 75
1 17L, CXR,CXT) wTE 76
60 T0 340 wrE 77
296 1F (803 - 1) 310, 310, 300 uTE 78
300  CALL INNERP(NO, N2, CXS, S2, MO, M2, VO, CO, I, JW, ITL, CXR,CXT,0UTE 79
1 HA, PA) oUTE 80
60 10 350 TE 81
310 IF (IGE - 2) 320, 330, 320 wiE 82
320 IF (S04 - 1) 325,322,325 oUTE 83
322 IF (POZ - 2 * (PO2/2)) 330,330,340 UTE 84
325 IF (IN - JM) 330,330,340 te 85
330 CALL INNER(NO, N2, CXS, S2, MO, M2, VO, CO, IM, JM, ITL, CXR, CXT,OUTE 86
1 HA, PA,XR,XD) HRAZ
o 10 350 oUTE 88
340  CALLINNER2(NO, N2, CXS, S2, MO, M2, VO, CO, IM, JM, ITL, CKR, CXT,OUTE 89
1 HA, PA)
350 00360 K= 1,124 wre 91
ITENPT = M2(K) uTE 92
360 COCIHS,ITEMP1) = COCIHS,ITEMPY) + T7 wtE 93
0 10 390 WIE 9%
370 DO 380 I=1,IM4M UTE 95
N2(1)=0. WrE 9
380 NOCE)=O0. wiE 97
390  CONTINVE wTE 98
WRITE (NSCRAT) (N2(1),I=1, THIH) wIE 9
REWIND NSCRAT QUTE 106
SBAREIGV-([TL- IHS) OUTE 107
IFCSBAR) 440, 440, 420 QUTE 108
420 DO 430 IS=1,SBAR TE 109
430 READ(NSCRAT) uTE 110
440 CONTINUE wTE 11
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450

470

490
500

510

512
514

520

IFCVI1) 450, 500, 450
IFCAO2) 460, 480, 460
EOCIGV)=0.0

DO 470 1=1,IMJH
ITEMP1=MO(1)
ITENP1=M2( I TENP1)
EOCIGV)=EDCIGV) + COCIHT-3, ITEMP1)*N2(1)*VO(1)
F2(1)=F201)+K6CIGV)*N2(1)
GO TO 500

EOCI1GV)=0.0

DO 490 1=1,1MM
ITEMP1=MO(1)
ITEMP1=M2(ITEMP1)
EOCIGV)=EOC1GV) + COCIHT-3, 1TEMP1)*N2(1)*V0(1)
F2(1)=F2¢1)+COCIHT-1, [TEMP1)*N2(I)
CONTINUE

1GV=16v+1

IF(IGV-16M) 10, 10, 510
T11 = ENCIGP)

SWITCH TAPE DESIGNATIONS
REWIND NCRY

REWIND NSCRAT

REWIND NFLUX1

REWIND 11

REWIND 12

ITEMP = NSCRAT

NSCRAT = NFLUX1

NFLUX1 = ITENP

IF (104) 514,512,514
REWIND NSORCE

CONTINUE

OVER-RELAX F1SSION SOURCE
ORFF = 1.0 + .6%(ORF - 1.0)

E02 = .0
IF(AO2) 520,580,520
E1CIGP) = .0

FOR ADJOINT CALCULATION, S2(1) STORES ORFED F2(1)
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QUTE
OUTE
QUTE
QTE

oUTE
uTE
TE
OUTE
QUTE
OUTE
QWITE
QUTE
QUTE
QUTE

12
us
14
15
116
17
18
19

21
122
123
12
125
126
127
128
129
130
3
132
133
134

135
136
137
138
139
140
141
142
143
144
145
%6
147
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522

530
540

550

590

610

<
&1
692

613
614

DO 522 1=1,IMMM
S2¢1) = FOCI) + ORFFWCF2(1) - FO(I))

00 540 116 = 1,IGH

READCNCRT)  €(COCI,J), I=1,ITL), J=1,MT)
E1CIIG) = .0

00 530 1=1,IMJN

ITEMP = MOCT)

ITEMP = M2CITEMP)

E1CIIG) = ET(IIG) + COCINT-1, [TEMPY*F2([)*VOCI)
E02 = E02 + COCIHT-1, ITEMPY*S2(T)*VO( 1)
EN(IGPY = ECIGP) + ENIIE)

TEMPY = E1(IGP)/EO2

DO 550 I=1,IMJM

FOCI) = TENP1%S2(1)

REMIND NCR1

REWIND 11

REMIND 12

60 T0 620

€01 = 0,0

DO 590 Ix1,IMJM

EO1 = EO1 + VOCI)*F2(1)

F2(1) = FOCI) + ORFF*(F2(1) - FO(1))

E02 = EO2 + VOCI)*F2(I)

TEWP1=0.

IF(E02.NE.0.0) TENP1=EO1/E02

DO 600 1=1,1MM

FOCI) = TENPTAF(I)

00 610 116 = 1,1GH

E1(11G) = K6CIIG)*EOT

IF(104) 620,509,620

TEwP! = .0

IF(EO01.EQ. 0.0) GO TO 613

ACCELERATION FOR EXTRANEOUS SOURCE PROBLEMS
TEMPY = (1.0 - EVFTI1/E01)/(1.0 - EV)

IF (T11/E01 - .01) 620,620,612

IF (T11/EOT - 1./(EV + .0001)) 613,613,620
DO 614 1 = 1,IMM

FOCI) = TENPT * FOCI)
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QUTE
QUTE

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

163

165
166
167

170
171
i3

17
175
176
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61
&2

40

6
0

4,

4

44 FORMAT(!

2

3

00 616 116 = 1,164
EOC1IG) = TEMPI*EO(11G)
EACIIG) = TEMPT*E1(116)
EN(IGP) = 0.0
EO(IGP) = 0.0

DO 640 116 = 1,1GM
EO(IGP) = EOCIGP) + EOCIIG)

E1CIGP) = E1(IGP) + E1(11G)

RETURN

END

SUBROUTINE PRT (JIM,JJN, N2, 24, NOUT)
DIMENSION N2(JIM,JuM3, Z6(1)

REAL N2

DATA XRR/GHXRR  /,YZT/6HY2T  /
CHARACTER*6 XRR, YZT

DATA XRR/’XRR  */,YZT/*YZT '/

DATA LINES/O/

JUR ]

rERT

00 50 I=1,IM,6

1=t

12=145

IF(12-14y 20, 20, 10

12=14

VRITE(NOUT,30) YZT,(XRR,JJ,dd=11,12)
FORMAT(1X,A3, 6(3X A3, 14, 1X) )

00 50 Jim1,JM

Jugy

FORMAT (14, 6E11.4, F9.3)
1F(J.EQ.1)60 TO 45

D0 42 K=11,12
TFN2(K, 4. NE.N2(K, J- 1)) GO TO 43
CONTINUE

LINES=LINES*1

1FCJ-JM) 50,43,43

1F(LINES.EQ.0)6O TO 45

WRITE(NOUT, 44) LINES
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NEXT’,15," LINES SAME AS PRECEDING LINE’)
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Page 15
oute 185
uTE 186
ouTE 187
QUTE 188
uTE 189
OUTE 190
QITE 191
ouTE 192
ouTE 193
outE 19
PRT 2
PRT 3
PRT 4
PRT 5
HWX

HVX

RT 6
PRT. 7
RT 8
PRT 10
PRT 12
PRT 13
PRT 14
oRT 16
RT 17
PRT 19
PRT 20
PRT 21
T 2
PRT 2
PRT 25
PRT 26
PRT 27
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LINES=0
1FCJ-JH) 45,50,45
45 WRITE(NOUT,40)4, (N2(K,J),K=11,12), 24¢J)
50 CONTINUE
RETURN
END
SUBROUTINE AVERAG(PHIB, AXS, FXS, MATN, MASS, ATW,VOL,CO, N2, M0, VO,
c 1 HOLN, JML, JTL, NBR,T6,T8,NTWON)
1 HOLN, JML, JTL, NBR,ACT,JNACT,IACPOS)
DIMENSION PHIBC1), AXSCJML,1), FXSCJML,1), MATN(C1), MASSCIML,1),
1 ATH(13, VOL(1), COCITL, 1), N2(1), MOC1), VOC1),
2 HOLNCJML, 1), NBRC1)
c DINENSION T&(JML,1),TB(JML, 1)
DIMENSION ACT(JML,1,JML,1), TACPOSCJNACT), T1(20,20),ACTIV(20,20)
INCLUDE #ABC.FOR’
€ THIS SUBROUTINE CALCULATES ZONE AVERAGED FLUXES, FISSION CROSS
€ SECTIONS, AND ABSORPTION CROSS SECTIONS.
RL = 0.0
RC = 0.0
DO 10 Kz=t,I2M
PHIB(KZ) = 0.0
DO 10 KN =1,NCON
AXS(KN,KZ) = 0.0
FXS(KN,K2) = 0.0
c T6CKN,KZ) = 0.0
c TTOTAL = 0.0
c T8(KN,K2Z) = 0.0
DO 1000 I=1,NACT
K=IACPOSCI)
N = MATNCKN)
ACTCLN,K,KN,KZ) = 0.0
1000 CONTINUE
LN = MATNCKN)
IF (MASS(LN,K2) .EQ. 0) GO T0 10
MASS(LN,KZ) = (RASSCLN,KZ)*.6023)/CATHCLNY*VOL(KZ))
10 CONTINE
DO 100 11G=1,1GM
READ(NCR1) ((COCI1, M), 11=1,ITL),d=1,MT)

PRT
PRT

HRA2
HRA3

AVER
AVER

AVER
AVER

163
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READ(NFLUXT)  (N2(1), 1=1,IMJM)

DO 11 J=1,MCR

CALL REAG2(”  RO‘,ACO(1,M7),3)

CONTINUE

DO 100 I=1,IMIM

Kz = NOCI)

PHIB(K2) = PHIB(KZ) + N2(I)*VO(1)

DO 100 KN=1,NCON

LN = MATNCKN)

€O(5,1 AND 2) ARE ACTIVITIES FOR TPROD

IF(LN.EQ. 1ITHER
TH(KN,KZ) = T6(KN,K2) + COC5,LN}*N2(1)*VOC(T)
ENDIF

TF(LN.EQ.2)THEN
T8(KN,KZ) = TB(KN,KZ) + COCS,LN)*N2(1)*VO(1)
ENDIF

DO 2000 K=1,NACT

J=IACPOS(K)

ACT(LN,J KN,K2Z) = ACT(LN,J,KN,KZ) + COCJ,LNY*N2C1)*VOCI)
WRITE(S,*)J,ACT(J, KN, K2), TACPOSCK)

2000 CONTINUE

AXS(KN,KZ) = AXSCKN,KZ) + COCIHT-2,LNY*NZ(I)*VO(I)
FXS(KN,KZ) = FXSCKN,KZ) + COCIHT-3,LN)*N2C1)*VOCI)
DO 200 KZ=1,120

DO 209 Kz=1,1ZM

TRIT6=0.0

TRIT7=0.0

00 2500 Ki=1,NACT

00 2480 LL=1,NCON

WHMATNCLL)

ACTIV(MM,K1)=0.0

2680 CONTINUE
2500 CONTINUE

105

TEMP3 = PHIB(KZ)

IF (PHIB (KZ) .EQ. 0) GO TO 105
PHIB(KZ) = PHIB(KZ)/(VOL(KZ)*1000.)
CONTINUE

WRITE(NOUT,110) KZ, PHIB(KZ), VOL(KZ)
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AVER 21

HRAH
AVER 30
AVER 31

AVER 32
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110 FORMATCTHT,2X,9H Z O N E ,I3,5X,7H FLUX =,1PE10.4,5X,9H VOLUME =,

1 1PE10.4,7H LITERS/) AVER 34
WRITE(NOUT, 120) AVER 35
120 FORMAT (1X,’BURNABLE MAT. NANE ATOM ¢

1,7 FISSION ABSORPTION  SIGMA SiGmA */
3 X, ’I1SOTOPE NO. ‘, 15X, ’DENSITY’,4X, ’RATE*,8X, /RATE’ 4X,
3 'FISSION’,2X,'ABSORPTION'/)

DO 200 KN=1,NCON AVER 41
LN = MATNCKN) AVER 42
TEMP1 = AXSCKN,KZ)*MASS(LN,KZ) AVER 43
TEMPZ = FXSCKN,KZ)*MASS(LN,K2) AVER 44

c T1 = T6(KN,KZ)*MASS(LN K2} HRA2

c T2 = TBCKN,KZ)*MASS(LN,KZ) HRA2

c TO(KN,KZ) = T6(KN,KZ)/TEMP3 HRA2

c TB(KN,K2) = TBCKN,KZ)/TENP3 HRA2
DO 3000 X=1,NACT HRA3

JZIACPOS(K) HRAS

TICLN,K) = ACTCLN,J KN, KZ)*MASSCLN, KZ) HRA3
ACT(LN,J,KN,K2) = ACT(LN, J KN,KZ)/TENP3 HRAS

3000 CONTINUE HRA3
AXSCIN,K2) = AXSCKN,K2)/TENP3 AVER 45
FXS(KN,K2Z) = FXS(KN,K2)/TEMP3 AVER 46

130 FORMAT (1X, I3, 5X, 13, 4X, 244, SE11.4) HRAZ
WRITECMOUT,130) KN, LN, (HOLN(LN,K),K=1,2), MASS(LN,K2), TEMPZ,
1 TEMPY,FXS(KN,K2), AXSCKN,KZ)

c TRIT6=TRITE+T1 HRA2

c TRITZ=TRIT7+T2 HRA2

c TTOTAL=TTOTAL+T 1472 HRAZ
DO 4000 KKK=1,NACT HRA3
ACTIV(LN, KKK)=ACTIV(LN, KKK}+TT(LN, KKK) HRAZ

4000 CONTINUE
1TEMP = NBRCKN) AVER 50
IFCITENP - 1) 200, 140, 160 AVER 51

140 RC = RC + TENP1 - TEMP2 AVER 52
To 200 AVER 53

160 RL = RL + TEWP] AVER 54

200 CONTINUE AVER 55

c WRITE(6, 134)TRITS, TRIT7 HRAZ
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C134

1340
5000
5500

340
350

C401

FORMATC! Té=',E11.4,3X,'T7=/,E11.4)
DO 5500 JJ=1,NCON
LNSMATHCJS)
DO 5000 KKK=1,NACT
WRITE(6, 1340)KKK,, LN, ACT IV(LN,KKK)
FORMATC? ACTIVITY?, 12, FOR MAT. NO.‘,12,’ =1,E11.4)
CONTINUE
CONTINUE
WRITE(6,%)
WRITECS, ™)
WRITEC6,*)
CONTINUE
IF(RL.EQ.0.0)THEN
TENP=0.0
GO T0 340
ENDIF
TEMP = RC/RL
WRITE(NOUT,350) TEMP

WRITE(NOUT,350) TENP
FORMAT(1H ///* BREEDING RATIO =1 F7.4)
WRITE(S,401) TTOTAL
FORMAT(" TTOTAL=',E11.4)

REVIND NCR1

REWIND NFLUX1

RETURN

[

SUBROUTINE CLEAR €X,Y,N)

DIMENSION Y(1)

00 1 1=1,8

Yeysx

RETURN

END

SUBROUTINE CNNP (F2,K6)

DIMENSION F2(1), K6(1)

INCLUDE ’ABC.FOR’

IF (MAXT) 25,25,10

Page
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10 Jump=2
CALL TCHEK(GLH, JUWP)
60 70 (15,25, JUMP
WRITE(NOUT,20)

NNP
20 FORMAT(53H1 * * RUNNING TIME EXCEEDED--FORCED CONVERGENCE * *//)CNNP

60 70 90
25 CONTINUE
30 E011.0-ALA
TFCABS (E01)-10.0%EPS) 40, 40, 45
40 ORF = ORFP
45 CONTINUE
E02=ABS(EO1)
1FCEICIGPY) 55, 130, 55
1F (E02 - EPS) 60, 60, 70
ovi=t
CALL CLEAR ¢0.0, F2, INJK)
T0 105
EV=EV+POD*EG*EDT
60 10 170
FINAL PRINT
NGOTO=1
IF (104 - 1) 135, 95, 80

g 3Jgus

? 3°

T0 135
105 IF(cvT-1) 110, 90, 110
110 IFCI04-1) 115, 120, 140
c MONITOR PRINT

115 NGOTOs2
T0 135
120 Eveo.

00 125 1=1,164
125 EVeEWK6(T)
EVaSK7/EV
T0 115
130 1F(104.EQ.0)60 TO 55

<

CNNP

167
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CALL ERRO2(SH**CNNP, 130,13 CNNP 46
135  RETURN CNNP 47
140 CONTINUE CNNP 48
[ CHNP 49
T CALCULATE NEW PARAMETERS FOR SEARCH CALCULATIONS CHKP 50
145 E03=ABS (ALA-LAR) cP 51

1F CLAPP) 270, 150, 270 CHNP 52
150 IF (LAP) 230, 155, 230 CNNP 53
155 1F (EQ) 200, 160, 200 CNNP 54
160 IF (EO3-EPSA) 175, 175, 165 CHNP 55
c MONITOR PRINT. CNNP 56
165  NGOTO=2 CHNP 57

RETURN CNNP 58
€ FINAL PRINT EXIT. NP 59
170 nGoTOo=1 CNNP 60

RETURN CRNP 61
175 LAP=ALA CNNP 62

EVP=EV CHNP, 63

IF (E01) 185,185,180 CHNP 64
180  EV=EV-EVM CNRP 65

60 T0 190 CRNP 66
185  EV=EVEWM CNNP 67
190 IF (104-2) 195, 165, 195 CNNP 68
€ MIX X-SECS. CHNP 69
195 NGOTOs3 CNNP 7D

RETURN e 71
200 1F (CVF) 170, 205,170 P 72
205  EV=EWPOD*EQVEQ? CNRP T3
210 IF (CLAPP-1.0)}/(LAP-1.0)) 215, 190, 190 CNNP 74
215 TEMPI=AMIN1(EVP,EVPP) CNNP 75

IF (EV-TENP1) 220, 225, 225 CNNP 76
220 EV=(EVPP+EVP)/2. =T 4

60 10 190 cNNP 78
225 TEMP1=AMAX1(EVP,EVPP) CNNP 79

IF (EV-TENP1) 190, 220, 220 cNNP 30
230 IF (E03-EPSA) 235, 235, 165 CNNP 81
235 EQ=(EVP-EV)/(LAP-ALA) CHNP 82
240 IF (CNT) 260, 245, 260 CHNP 83
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245
250
255
260

2rn

2rs

B8

IF (E02-LAL) 265, 265, 250
IF (EQ2-LAH) 260, 260, 255
E01=SIGH (LAH,EO1)
LAPPaLAP

60 To 205
IF (EO3-EPSA) 275, 275, 165

CALCULATE QUADRATIC COEFFICIENTS.
TEMP1=EVP-EV

TEMP2=EVPP-EV

TEMP3=EVPP-EVP

TEMPA=TENPY* (EVP+EV)

TEMPS=- TENPZ*(EV+EVPP)

TEMPG=TENP3* (EVPPIEVP)
DENOM=TENPS*TENP2TENPY

EQA=( (LAPP- 1,0)* TEMPTAEVPAEV- CLAP- 1.0)*TENP2

(ALA-1.0)' )/
EQB=-(LAPPTENP4+LAP*TEMP5+ALATENP6) /DENOM
EQC=(LAPP*TEMP1-LAP*TEMP2+ALATEMP3 ) /DENOH
DISCR=EQB*EQR-4 .O*EQA®EQC
IF (DISCR) 235, 280, 280
IF (E02-LAL) 265, 265, 285
TEMP1=EQC+EQC
TEMP+SGRT (DISCR)

EQ=1,0/(EQB+EV*TENP1)
LAPPaLAP

LAP=ALA

EVPP=EVP

EVP=EV
EV1=(TEMP-EQB)/TEWP1
EV2=-(TEMP+EQB)/TENP1
EVASABS (EV-EV1)

Wednesday, February 21, 1990 12:31 pm
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CKNP 115
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EVB=ABS (EV-EV2) CHNP 122
IF (EVA-EVB) 290, 290, 295 CHNP 123
290  EV=EV1 CNNP 124
G0 TO 210 CNNP 125
295  EV=EV2 CNNP 126
60 TO 210 CNNP 127
ENO CNNP 128
SUBROUTENE ERRO2( HOL,JSUBR,1) - ERR2 2
COMMON NSORCE, NINP, NOUT, NCR1, NFLUX1, NSCRAT ERR2 3
CHARACTER*6 HOL HVX
DATA NERR/O/ ERRZ 4
NERR=NERR+1 ERRZ2 7
WRITE (NOUT,1) HOL , JSUBR ERR2 8
1 FORMAT(2H */9H ERROR IN,AS,3H AT,16/2H */2H *) ERRZ 9
IF(NERR.EQ.100)G0 TO 3
GO TO (3,4),1 ERR2 ¥
3 stop ERR2 12
4 RETURM ERRZ 13
N ERRZ 14
SUBROUTINE FISCAL (NO, FO, VO, CO, K&, MO, M2, JTL,JMT) FisC 2

INCLUDE ‘ABC.FOR®

DIMENSION KO(1), FOC1), VO(1), COCJTL,1),K6¢1), MOCY), M2¢1)

LAR = ALA FIsc 5
©  FISSION SUMS FISC 6
IF(807) 90,90,10 FIse 7
10 1F(AGR) 20, 40, 20 FIsC 8
20 DO 30 11G=1,1GM FISC 9
READ (NCR1)  ((COCI,J),1=1,I1TL),J=1,NT) FIsc 10
ETC116)=0. Fisc 11
D0 30 I=1,IMK FIsc 12
ITEMP=HOCI) FIsc 13
TTENP=RR(I TENP) FISC 1%
30 EACIIG)=ETCIIG)+COCINT-1, TTENP)*FOCI Y*VOCT) FIsC 15
REWIND NCR1 FISC 16
GO 70 70 FIsC 17
40 EO1=0. Fisc 18

DO 50 I=1,IMIM FIsC 19
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348

100

110

120
130
140

150
160

170
180
190

200
230

EQ1=EQ1+VOCI)*FOCI)

DO 60 11G=1,I1GM
E1¢11G)=K6(T [GY*E0T
E1(IGP)=0.

EOCIGP)=0.

00 80 11G=1,1GM
EOCIGP)=EO(1GP)+EOCI1G)
E1(IGP)=E1(1GP)+E1(11G)
IF(BO7) 140, 90, 140
TF(T11.EQ. 0.03G0 TO 95
ALA=E1CIGPY/T11
TEMP=1.0/ALA

TF(104-1) 230,100,140
Do 110 1iG=1,IGM
E1CIIG)=ETCIIG)*TEMP
K6(116)=K6¢ [1G)*TEMP
E1CIGP)=E1 IGP)*TEMP
1F(AD2) 120, 140, 120
DO 130 I=1,IMJM
FOCI)Y=FO(1)*TEMP
CONTINUE

NORMALTZAT 10N
80750

1FCS01) 160, 230, 170

EO1 = ABS(501)/¢EO(IGP)*TSD)
GO TO 180

E01=S01/E1(1GP)

0O 190 11G=1,16P
E1(116)=E01*ET(I1G)

DO 200 1=1, MM
FOCI)=EO1*FOC1)

RETURN

END

SUBROUTINE GRAMCMASS, VOL, ATV, HOLN,JIM,JJM, NO, M2, VO,
1

10, 11, 12,0ML, 13)
INCLUDE ‘ABC.FOR’
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Fisc
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FISC
FISC
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GRAM
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37

39

50

130

140

150

DIMENSION MASSCJML,1), VOL(1), ATW(1), HOLNCJML, 1), MOCJIM,JUM),
1

M2¢1), VOCJIN,JIW), 10C1), 11¢1), 12¢1), I13())
THIS SUBROUTINE CALCULATES THE MASS OF THE VARIOUS MATERIALS
WRITEC(NOUT,10) <ID(1), 1=1,20)
FORMATCTH1,20A6/7/)
WRITECNOUT, 20)
FORMAT(45H MATERIAL INVENTORY (KILOGRAMS) FOR EACH 2ONE / )
CALL CLEAR(0.0,VOL,1ZM)
ITEMP = ML*1ZM
CALL CLEAR(D.0,MASS, ITENP)
D030 J=1, M
O30 I=1,IM
K = MO(1,4)
VOL(K) = VOL(K) + VO(1, J)*.001
00 39 M=1,M01
13¢M) = 12(M)
IFCIOEM) - T1¢M))  39,35,39
IFC12(M)) 39,36,39
DO 38 MM=1,N
IFCIO(N) - 10(MM)) 38,37,38
I3(MM) = 12(MMY*EV
CONTINUE
CONTINUE
DO 190 N =1, 1ZM
NN = M2(N)
DO 190 M = 1,M01
IF(I0(K) - NN) 190, 40, 190
L= 10
IF(L - NLY 170, 170, 50
NNAA = L
TFCL - 10¢MY) 130,190, 130
00 160 MAA = 1, HO1
IFCIO(MAA) - NNAR) 140, 140, 160
L = I1(HAA)
IFCL) 160, 160, 150
€01 = IZ(MAAY*I3(M)
MASS(L,N) = ((EQT*ATW(L)*VOL(N))/.6023) + MASS(L,N)
CONTINUE

Page

172



173

TLIST2.FOR Wednesday, February 21, 1990 12:31 pm Page 26
60 10 190 GRAN 63
170 1FCL) 190, 190, 180 GRAM 4é
180 E01 = I3(M) GRAN 45
MASS(L,N) = ((EOT*ATW(L)*VOL(N))/.6023) + MASS(L,N) GRAM 46
190 CONTINUE GRAM 4T
00260 L =1, I, 5 GRAN 49
L=L+4 GRAN 50
IFCLL - [2ZM) 210, 210, 200 GRAM 51
200 LL=IZM GRAM 52
210 WRITECNOUT,220) ((K), K=L, LL)
220 FORMAT (//' MATERIAL  ATOMIC WI. ,2X,5(/ ZONE',13,3X)/)
DO 240 K = 1, ML GRAM 57
DO 233 I=L,LL uwol 3
IF(MASS(K, 1) .NE. 0.) GO TO 238 uol 4
233 CONTINUE uPol 5
T0 240 wol 6
238 WRITECNOUT,250) K, CHOLNCK,N),N=1,2),ATH(K), (MASSCK, 1), IsL,LL)
240 CONTINUE w1 B
250  FORMAT (1X,13,1X,284, F12.2, X, 5E11.3)
IFQLL - 1ZM) 260, 270, 270 GRAM 60
260  CONTINUE GRAN 61
C  COMPUTE TOTAL MASSES wol 9
270 WRITE (NOUT,275)
275  FORMAT (//' MATERIAL  ATOMIC WT.  TOTAL!/)
DO 310 Kk=1,ML upDt 16
TENP=0.0
DO 289 L=1,120

280 TEMP=TEMP+MASS(K,L)
310 WRITE(NOUT,250) K, (HOLNCK,N),N=1,2),ATH(K), TEWP

WRITE (NOUT,350)
350  FORMAT (///,’ ZOME NUMBER  VOLUME (LITERS)'/)
0O 400 L=t,12M
WRITE (NOUT,360) L,VOL(L)
360  FORMAT (6X,14,6X,1PE12.3)
400  CONTINUE
RETURN upp1 18
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0=
B

1

1

SUBROUTINE IFLUXN (N2, CO, VO, CKS, MO, M2, JTL,JIM,JJM, CXR, CXT

XR, XD,
INCLUDE /ABC.FOR?

DIMENSION N2(1), COCJTL,1), VO(1),CXSCJIM, JJN,3),M0(1), M2(1),

CXR(1), CXT(1)
DINENSION XD(50),XR(50)

THIS SUBROUTINE NORMALIZES FLUXES BEFORE EACH INNER ITERATION

ABSORPTION AND OUT-SCATTER
E3(16V) = 0.0

E4(IGV) = 0.0

DO 10 1=1, IMJN

TEMP = VO(I)*N2(1)

ITENP = MO(1)

ITEMP = M2(ITEMP)

E3CIGY) = E3CIGV) + (XD(1TEMP))*TEMP
E4CIGV) = E4(IGV) + COCIHT-2, ITEMP)*TEMP
LEFT LEAKAGE

1F(B01) 20, 20, 40

E5CIGV) = 0.0

2030 KJ=1,

I=2(KJ - D*IM+ 1

ESCIGV) = ESCIGV) + CXS(1,KJ,1)"N2(1)
60 0 50

ESCIGV) = .0

RIGHT LEAKAGE

1F(B02) 60, 60, 80

E6QIGV) = 0.0

D070 KJ=1, M

1= KI*IN

E6CIGV) = ESCIGV) + CXR(KII*N2(I)

G0 TO 90

ESCIGY) = 0.0

TOP LEAKAGE

1F(B03-1) 120, 140, 100

E7(16v) =.0

Do 110 KI = 1,IM

Wednesday, February 21, 1990 12:31 pm
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110
120

130
140
c

150
160

180
190

200

1= IMIN - M+ KI
E7(IGV) = E7CIGV) + CXS(KI,1,2)%(N2(1) - N2(K1))
EBCIGY) = - ET(IGV)

G0 TO 190

E7(IGV) = 0.0

00130 KI =1, IN

1 = IMJM - IM + KI

E7(¢IGV) = E7(IGV) + CXT(KI)*N2(I}

GO TO 150

ET(IGV) = 0.0

BOTTOM LEAKAGE

TF(BO4) 160, 160, 180

E8(IGV) = 0.0

DO 170 KI = 1, IN

EB(IGV) = EBCIGV) + CXS(KI,1,2)*N2(KI)

60 T0 190

EB(IGV) = 0.0

E9(IGV) = ESCIGV) + E6(IGV) + ETCIGV) + EB(IGV)
TEMP = (E1CIGY) + E2(IGVI)/(E3C(IGV) + E4CIGV) + ESCIGV))
002001 =1, IMM

N2(1) = TEMP*N2(1)

E3CIGV) = TEMP*E3(IGV)

E&CIGV) = TEMP*E4(IGV)

E5(IGV) = TEMP*E5(IGV)

E6(1GV) = TEMP*EG(CIGV)

E7(1GV) = TEMP*E7(1GV)

E8(IGV) = TEMP*E3(IGV)

E9(1GV) = TEMPYE(IGV)

RETURN

END
SUSROUTINE INIT (K6, K7, 10, 11, 12, MO, M2, NO, RO, R1, R2,
R3, R4, RS, 20, 71, 22, 73, Z4, 25, AO, A1,

2 FO0,C0,V0,JTL,JIN,V7, JUM, INT, ML, GAM, HOLN)

1
2

INCLUDE ’ABC.FOR'

DINENSION K&(1), K7(1), 10¢1), I1¢1), 12(1), ROC1), R1CD),
R2(1), R3(1), R4(D), RS(1), Z0C1), ZU(N), 22C1),
Z3(1), Z4(1), Z5(1), ABKT), AT(T), COCJTL,UMT),

IFLU

IFLU

IFLU

IFLU

IFU
IFW
IFWU
IFLU
IFLU
IFLU
IFWY
IFLY
TFLU
IFLU
1FLU
IFLY
IFLU
IFLU
IFLU
1FLU
IFLU
TFLU
1FLU
1FLU
TPV
IFLU
1FU
TFLY
IFLU
IFLY
T
NIT

INIT
INIT
pLINS

175
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35

&

55

3 VOCJIM, JJH), MOCTY, M2C13, NOC), FOKT), VTCT)
LGAMC1), HOLNCJML,1)

DIMENSION XD(50),XR(50)
IF (P02) 20, 10, 20
WRITECNOUT,15) DAY
FORMAT(TH1, 24X, T 1 M E =/ F8.3,8H D A Y §///)
CONTINUE
ADJOINT REVERSALS -
IF(AO2) 25, 45, 25
IFCPO2) 45, 30, 45
IFCNCON) 45, 35, 45
116=1
1GBAR=1GM
TEMP=KTCI16)
K7(I16)=K7¢ [GBAR)
K7CIGBAR)=TEWP
TENP=V7(116)
VTCTIG)=V7CIGBAR)
VICIGBAR)=TENP
116=L16+1
IGBAR=IGBAR-~ 1
TF(T1G-1GBAR) 40, 45, 45
CONTINUE
MIX CROSS-SECTIONS
BO7=1
1F(PO2) 50, 55, 50
60 TO (245,245,85,245,185), 104
IF(MO1) 70, 70, 60

60 WRITE(NOUT,61)

61 FORMATCHO, 4X, 16H MIXTURE NUMBER ,18H  MIX COMMAND
124H MATERIAL ATONIC DENSITY /)
00 67 J=1,M01
WORD = 0
WORD2 = WORD
1=11¢)
IF(I .GT. O .AND.I .LE. HL) WORD=HOLN(I,1)
IF (1 .6T. 0 .AND. I .LE. ML) WORD2=HOLN(I,2)
WRITE(NOUT, 63) 4, 104>, 11¢J), 12043, WORD , HORD2

Page
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HRAZ
INIT
INLT

INIT
INIT
INIT
INLT
INIT
INLT
LT
INIT
T
INIT
INLT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
wIr
INIT
INET
INIT
uPp1
upD1
upd1
upD1

urD1
HVX
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643 FORMAT(15,19,115,E28.8, 12X, 2A4)

IF(J .EQ. NO1 .OR. 10(J).EQ. I0(J+1)) GO TO 67

2

FORMAT (1X, 15(SH-=-=-))
WRITE(NOUT, 66)
67 CONTINUE
IF(NPRT-1) 85, 85, 75
WRITE (NOUT,80 )
FORMAT (/19H1CROSS-SECTION EDIT)
REWIND NCR1
DO 180 TIG=1,IGH

G833

READ (NCRT) €CCOCI,d),1=1,1TL),J=1,HT)

o

READ(11) (XRCJ),J=1,MT)
READ(12) (XD(J),J=1,MT)
F(MO1> 90, 145, 90
90 00 140 M=1,MO1
IF(10(M)-HT) 100, 100, 95
95 CALL ERRO2(’**INIT’,95,1)
100 IFCIT(N)-HT) 105, 105, 95
105 N=10(M)
L1100y
E01=12(M)
1F(L) 125, 125, 110
110 1FCEDY) 125, 115, 125
115 1F (N-L) 125, 120, 125
120 €01 = EV
L=0
125 00 140 I=1,ITL
IF (L) 130, 135, 130
130 CO(1,N)=COCI,N)+COCT, L)*EO

G0 0 140
135 COCI,N)=COCT,N)*EO1
140 CONTINUE

1F(M01) 900, 145, 900
900 0O 1140 W=1,M01

IFCI0(M)-HT) 1000, 1000, 950
950 CALL ERRO2(/**INIT*,950,1)
1000 IFCIT(M)-HT) 1050, 1050, 950
1050 N=10CM)

177

Page 30

uppl 31

upp1 33
uPD1 34

INIT 41
INIT 42
INIT 43
INIT 44
INIT 45
HRA2

INIT 46
INIT 47
INIT 48

INIT 50
INIT 51
T 52
T 53
INIT 54
INIT 55
INIT 56
T 57
NIT 58
INIT 59
INIT 60
T 61
INIT 62
INIT 63
INIT 64
HRAZ 46
HRAZ 47

HRAZ HVX
HRA2 50
HRAZ 51
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1110
115
1120

1125
1130
135
1140
145
150
155
160
165

17

185
190

L=1108)
E01=12(M)
IFCLY 1125, 1125, 1110
IFCE01) 1125, 1115, 1125
TE -1 125, 1120, 125
€01 = EV
L=0
CONTINUE
1F (L) 1130, 1135, 1130
XD(N)=XD(N)+XD(L)*E0T
To 1140
XDCN)=XD(NI*EQ1
CONTINUE
1F(PO2) 175, 150, 175
F(NPRT-1) 175, 175, 155
WRITE(NOUT,160) 116
FORMAT (* GROUP ¢, I3, CROSS-SECTIONS’)
DO 165 N=1,MT
WRITE (NOUT,170 )
FORMAT(4H NAT, 13, (6E12.4))
WRITE (NSCRAT)  ((COC1,J),1=1,1TL),J=1,MT)
WRITEC11) (XDCJ), J=1,HT)
CONTINUE
REWIND NCR1
REWIND 11
REVIND 12
WITE(12) (XDCJ),d=1,HT)
WRITECTD) CXRQJ), d=1,HT)
REWIND 11
REWIND 12
REWIND NSCRAT
SWITCH TAPE DESIGNATIONS
\T

W, (COCT, N, 1=1,1TL)

NCRY=ITENP
IF(104-5) 190, 205, 190
1F(BUCK) 200, 245, 200
TEMP = BUCK

Wednesday, February 21, 1990 12:31 pm
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60 To 220

205 1F(PO2) 210, 210, 215

210 BUCK = 0.

215 TEMP = EV - BUCK
BUCK = EV

220 DO 240 11G6=1,I1GM

225

230
235

260

245

o

250
255

READCNCRT)  {(COCI, ), 1=1,ITL),J=1,MT)
DO 235 NTZ = 1,MT

D0 230  Kz=1,12M

IF(R(KZ) - MTZ) 230, 225, 230
TEMP1=(TEMP*GAM(KZ))/ (3. *COCIHT  NT2))
COCIHT-2,MTZ) = COCINT-2,MTZ) + TEMP1
COCIHS,MT2) = COCINS,MTZ) - TENP1

G0 T 235

CONTINUE

CONTINUE

WRITECNSCRAT)  ((CO(I,J), [=1,1TL),d=1,HT)
CONTINUE

REWIND NCR1

REWIND NSCRAT

SWITCH TAPE DESIGNATIONS

ITEMP = NSCRAT

NSCRAT = NCR1

NCR1 = ITEWP

CONT INUE

MODIFY GEOMETRY
1F(PO2)270, 250, 270

IFCNCON) 375, 255, 375

DO 260 1=1,1P

RICH=ROCT)

00 265 J=1,JP

21¢4)=20¢4>

IF(104-4) 305, 275, 305

00 280 1=1,1M

K=R2(1)

RTCI+13=R1CI+(ROCI+1)-ROC1))¥(1,0+ EV*RI(K))
DO 285 Jx1,.N
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285

300
305

310
315

320
325

333

340

342

345

K=22(J)

Z1(3+1)=21(J)+(20¢1+1)-20(J) )*( 1.0+ EV*23(K))
IFCIGE-2) 305, 290, 305

TF(ABS (21(JP)-1.0)-1.0E-04) 305, 305, 300
CALL ERRO2(’**INIT’,300,1)

CONTINUE

AREAS AND VOLUMES
P12=6.28318

IF(PO2) 310, 315, 310
1FCI04 - 4) 375, 315, 375
CONTINUE

D0 345 1=1,IM
R&CT)=(RT(I+1)+R1(1))%0.5
RSCD=R1C(I+1)-R1CD)

IFC RSCD) ) 320, 320, 325
CALL ERROZ (‘*RS(1)*,320,1)
CONTINUE

60 TO (330,335,340,342), 1GEP
AOC1)=1.0

AOCIP)=1.0

AN(D=RS(D)

60 T0 345

AUC1)=PIZ*R1(1)
AOCIPY=PIZ*R1(IP)
ATCI)=PIZ¥RS(1)*R4CT)

60 T0 345

AOCD)=RICI)

AD(IP)=R1CIP)
A1C1)=R5(1)

60 TO 345

AOCI)Y = 2.%R5(1)
AOCIP) = 2.*R5(1)
A(D) = R5CI)
CONTINUE

DO 370 J=1,4M
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350
355

365

395
400
405

410

Z4(J)=(Z1(I+1)+Z1(40)*0.5
Z5()=21J+ -2

TF(Z5¢J)) 350, 350, 355

CALL ERROZ ('*Z5(J)’,350,1)
CONTINUE

DO 370 1=1,IM

GO TO (360,365,367,360), 1GEP
VOCI,4)=R5C1)*Z5¢J)

GO T0 370
VOC1,J)=PI2*R5(1)*Z5(J)*R4CT)
Go T0 370

VO(T,J)=(RSC1I*Z5(I)*RACT )+ ((RTCI+1))**3-(R1(1))**3)/3.0
JBIGR*(SIN(Z1(J+1))-SINCZ1(J))))

CONTINUE

CONTINUE

MATERIAL ADDRESSES
IF(PO2) 405, 385, 405
K70,

DO 400 11G=1,1GH
1F(502-1) 395, 390, 395
K6(116)=K7(116)/S03

TO 400
K6¢IIG)=KT(I1G)
SKT=SKT+K7C116)
CONTINUE

FISSION NEUTRONS
TU=E1(16P)

CALL CLEAR(0.0,F0, IMJM)

DO 425 [1G=1,1GM

EOCI1G) = .0

READ (NFLUX1) CNOCTY, 1=1, TMINY

READ (NCR1)  ((COCI,J),I=1,1TL),J=1,MT)
DO 425 J=1, M

DO 425 K=1, IM

I =K+ (-1
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1TEMP=MO(1) INIT 192
ITEMP=M2(1TEMP) INIT 193
EOC11G) = EOCIIG) + VO(K,J)*NOCI)*COCIHT-3, ITENP) HRAZ 194
1F(AD2) 415, 420, 415 INIT 195

415 FOCI)=FOCI)+K7(IIG)*NO(1) INIT 196
G0 10 425 INIT 157

420 FOCI)=FOCI)+COCIHT-1, ITEMPY*NOCT) INIT 198

425  CONTINUE <o INIT 199
REWIND NFLUX1 INIT 200
REWIND NCR1 INIT 201
RETURN INIT 202
END INIT 203
SUBROUTINE INNER(NO, N2, CXS, S2, MO, M2, VO, CO,JIN,JJM, JTL,  INNR 2

CXR,CXT, HA, PA,XR,XD) HRAZ
INCLUDE “ABC.FOR’
DIMENSION NO(1), N2(1),CXSCJIM,JJM,3),82(1), MO(1), M2(1), INR 6
1 VO(1), COCJITL, 1), CXRCT), CXTC1), HAC1), PACTY IR 7
DIMENSION XD(50),XR(¢50) HRA2
CALL IFLUXN (N2,C0,VO,CXS,MO, M2, ITL, IM, JM, CXR,CXT,XR,XD)  HRA2 9

2 D04 Ix1, IMM INR 18

4 NOC(D) = NXD) INR 19

€ BEGIN FLUX CALCULATION INR 20
KB = M- 1 INR 21
JKB = M - 1 INR 22

C  FLUX CALCULATION USING SOR WITH LINE INVERSION R 23

c MR 26

€ CALCULATION OF LEFT BOUNDARY FLUX IR 25
KI =1 INNR 26
Ki=1 INNR 27
1=K+ (KJ - D*IN INNR 28
HACKS)= CXS(KI,KJ+1,2)/CKSCKI,Kd,3) IR 29
PACKJ)= (S2(1) + CXS(KI+1,KJ, 1)*N2(T+1))/CXS(KI,KJ,3) INNR 30
D0 5 Kd = 2,JK8 INNR 31
I =KI+¢KJ - 1)*IM INR 32
HACKJ) = CXS(KI,KJ+1,2)/(CXS(KL,KJ,3)- CXS(KI,KJ,2)*HA(KI-1) INNR 33

5 PA(KJ) = (S2(I) + CXS(KI+1,KJ,1)*N2CI+1) + CXS(KI,KJ,2)*PACKI=1))/INNR 34
1 KJ,3) - CXSCKI,KJ,2)*HACKJ-1)) INR 35

{CXS(K1
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10

c

25

30

40
c

Kd = JN
1=Kl + (KJ - D*IM
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INNR
INNR

N2(1) = (S2(1) + CXSCKI+1,KJ, 1)*N2(1+1) + CXS(KI,KJ,2)*PACKJ-1))/INNR

1 (CXSCKI,KJ,3) - CXSCKI,KJ,2)YHACKJ-1))
DO 10 KdJ = 2,UH
J = M- KT
1=K+ (Kd - 1)*IR
N2(1) = PACKJ) + HACKS) * N2(I+IN)
D0 15 K& = 1,4M
1=K+ (K- 1)*IN
N2(1)=NOCT)+ORF*(N2C1)-NOC1))
15 TF(N2(1).LE.OIN2(1)=ABSCNOC1)+{N2(13-NOCT))/ORF)
PRINCIPAL FLUX LOOP
DO 40 KI = 2,1KB
KI=1
1=Kl +(KJ - T)*IM
HACK)= CXS(KI,KJ+1,2)/CXSCKI Kd,3)
PACKI)= (S2(1) + CXSCKI,KJ,1)"W2(I-1) + CXSCKI+1,KJ, 1)*N2(1+1))/
1 CXSCKI,K4,3)
00 25 Kd = 2,JKB
1=K+ (K- 1)*IH
HACKSY = CXSCKI,KJ+1,2)/¢CXSCKI,KJ,33- CXSCKI,Ki,2)*HACKI- 1))
PACKJ) = (S2(1) + CXS(KI,KJ,13*N2CI-1) + CXS(KI+1,KJ, 1)N2(I+1) +
1 CXSCKI,KJ,2)*PA(KJI-1))/(CXS(K] KJ,3) - ‘CXS(KI,K.I,Z)*NA(KJ-U)
K= 0N
LK+ (KJ - DVIM
N2(1) = (S2(1) + CXS(KI,KJ,1)*N2(I-1) + CXSCKI+1,KJ, 1D*N2(1+1) +
1 CXSCKI,KJ,2)*PACKI-13)/(CXS(KI,KJ,3) = CXSCKI,KJ,2)*HACKJ-12)
00 30 XJd = 2,4H
Ki= M- Kid+t
1=K+ (KJ- DM
N2C1) = PACKJ) + HACKS) * N2(I+1M)
0035 K4 = 1,00
1=Kl + (K- DN
N2(1)=NOCI+0RF* (N2C1)-NOCT))
35 IF(N2(1).LE.0)NZ(1)=ABS(NOC1)+(N2(1)-NOCI))/ORF)
CONTINUE
CALCULATION OF RIGHT BOUNDARY FLUX
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1=Kl +(KJ- 1)*IM
HA(KJ)= CXS(KI,KJ+1,2)/CXS(KI, KJ,3)
PA(KJ)= (52(1) + CXS(KI,KJ,1)*N2C1-1))/CKS(KI K4, 3)
DO 45 KJ = 2,KB
1=K+ (Kd - 1)*IM
HA(KJ) = CXSCKI,KJ#1,2)/(CKSCKI,KJ,3)- CXS(KI,Kd, 2)*HACK=1))
45 PA(KJ) = (S2¢1) + CXS(KI,KJ,1)*N2(1-1) + CXS(KI,KJ,2)*PA(KI-1))/
1 (CXS(KI,KJ,3) - CXS(KI,KJ,2)*HA(KJ-1))
Ks =i
1=K+ (KJ - 1)*IM
N2(I) = (S2(1) + CXSCKL,KJ,1)"N2C1-1) + CXS(KI,KJ,2)*PACKI-1))/
1 {(CXS(KI,KJ,3) - CXS(KI KJ,2)*HA(KI-1))
DO 50 KJJ = 2,4
Ki = JM - Kdd + 1
1=K+ (k- 1IN
S0 NXI) = PACKJ) + HACKS) * N2(I+IM)
DO S5 KJ = 1,40
1=K+ (Kd - 1)*IM
N2(1)=NOCI )+ORF*(N2(1)-NO(1))
55 IFCN2¢1).LE.OIN2CI)=ABS(NOCI)+(N2(1)-NO(1))/ORF)
TEMP1 = .0
D090 I = 1,INJN
TEMP2 = ABS (1.0 - NOCI)/N2(I))
IF (TEMP1 - TEMP2) 80,90,90
80 TEMP1 = TEMP2
90 CONT INUE
c

c INNER ITERATION CONTROL
133 LWC=1C+1
1Im=11+1
IF (11 - GO7) 533, 1033, 1033
533 IF(TEMP1-EPS) 633,633,2
633 1F(G06) 733, 1033, 733
733 IFCTENP1-G06)1033,1033,2
C1033  CONTINUE
1033 WRITECNOUT,213)

Page

INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INKR
INNR
TNRR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
TNNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR
INNR

HRAZ

184



185

TLIST2.FOR Wednesday, February 21, 1990 12:31 pm Page 38
213 FORMAT(” GROUP  IN. IT. " HRAZ
WRITE(NOUT, 2133) 16, 11 HRAZ
2133 FORMAT(’ 3, ’,16)
1FC104.NE.0GO TO 1133 HRA2
CALL IFLUXL (N2,C0,VO,CXS,NO, M2, TTL, IM, JW, CXR,CXT,XR,XD) HRAZ
1133 CONTINUE HRA2
RETURN INNR 125
END INNR 129
SUBROUTINE INNER1(MO, M2, CXS, VO, CO, AO, 25, RS, R4, 24, A1,  INN1 2
2 JIM, JUM, JTL,CXR, CXT, XR, XD R1,Z1) HRAZ 3
DIMENSION XR(50),XD(50) HRA2
DIMENSION MOC1), M2(1),CXS(JIM,JJM,3),VO(1), COLITL, 1), N 6
1 AOC1), Z5€1), R5C1), R&C1), 24C1), ATC1),CXR(1), CXTCTHINNT 5
2 AU, 2100 HRAZ
INCLUDE *ABC.FOR'
€ TRIS SUBROUTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION N7
P12 = 6.28318 T 8
D0 45 KI=1, M N9
D0 45 KI =1, IM N1 10
TEMPA=AOCKI ) HRAZ
TEMPB=AOCIP) HRA2
TEMPC=A1 (K1} HRA2
G0 70 (10,10, 5), 1GEP N
5 TEMP = (ZA(KJ) - 26(Kd-13)*R&CKI) HRAZ 12
AO(KI)=AOCKI Y* (1. 0+R1CKI)/BIGR¥ (SIN(21(K+1))-SINCZ1(KJ3))/Z5(K) JHRAZ
AOCEPI=AOCIPY*(1.0+R1CIP)/BIGR™(SIN(Z1(KJ+1))-SINC21(KI)))}/Z5(KJ) JHRAZ
ATCKE)=AT(KI 3*(1. (+COSCZ4(KJ))/BIGR) HRA2
60 10 15 NN 13
W TEMP = 24(KJ) - Z4(K-1) WY 16
15 1 =KL+ (K-DVIM NN 15
ITEMP = MOCT) NN 16
TTEMP = M2CITENP) N 17
CXS(KI,KJ,3) = VO(1)*(COCIHT, ITENP) - COCIHS, ITENP)) INN1 18
IR - 1) 64,44,18 HRAZ 19
18 ITENP1 = MOCI-1) N1 20
ITENP1 = N2(ITEMP1) N1 21
IF CITEMP - ITEMP1) 25,20,25 N1 22
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20 CXSCKI,KJ, 1)=A0CKI  )*25(KJ)/(3.*COCIHT, ITEMP)*(R&(KI)-R4(KI-1))) INNT 23
60 70 30 N 24
25 CXSCKI,KJ, 1) = ADCKID*ZS(KJ)*(RS(KI-1)+R5(KI))/((RG(KI}-RA(KI-1))*INNT 25
1 (3.#(R5(K1-1)*COCIHT,ITEMP1) + R5(KI)*COCINHT,ITEMP)))) INNY 26
30 1FCL - IM)  44,44,32 INNT 27
32 1TENP3 = MOCI - IN) INNT 28
1TEMP3 = M2(ITEMP3) N1 29
IF (ITEMP - ITEMP3) 40,35,40 INNT 30
35 CXSCKILKJ,2) = ANKID/(3.*COCIHT, ITENP)*TEMP) N1 31
60 TO 44 HRAZ 32
40 CXSCKI,KJ,2) = ATKII*(Z5(KJ-1) + Z5(KJ))/CTEMP™ N1 33
1 (3.%(25(KJ-1)*COCINT, ITEMP3) + 25(KJ)*COCINT,ITEMP)))) INNT 34
44 AOCKI)=TEMPA HRAT
AQCIP)=TEMPB HRAT
AV(KI)=TEMPC HRAT
45 CONTINUE HRAT 35
D0 200 KJ =1, JK N 38
DO 200 KI =1, IM INL 37
TEMPAZADCKI ) HRA2
TENPB=AOCIP) HRAZ
TEMPC=AT(KI) HRAZ
G0 TO (55,55,50), IGEP INNT 3%
50  TEMP = 5%Z5(KJI*RA(KI) HRAZ 39
AOCKI)=ADCKI }*(1.0+R1(KI)/BIGR*(SIN(ZT(KJ+1) ) -SINCZ1{KJ)))/Z5(KJ) JHRAZ
AOCIPY=ADCIPY*(1.0+R1(IP)/BIGR*(SIN(Z1(KJ+1))-SINCZ1(KI)))/Z5(KJ) IHRAZ
AH(KII=ATCK1)*¢1.0+COSC24(KJ) ) /BIGR) HRA2
60 T0 60 INT 40
55 TENP = .5¢25(KJ) INT 41
60 I =KI+ (KSDIM N1 42
ITEWP = NOCI) INNT 43
ITEMP = M2(ITEMP) INNY 46
TEMP1 = CXS(KI+1,KJ,1) INNt 45
TEMPZ = CXSCKI,Kd+1,2) INNT 46
1FCK) - 1) 65,65,100 N 47
&5 IF(BO4 - 1) 90,9570 INL 48
70 GoTo( 80, 80, 75), IGEP N 4R
75 TENP3 = PI2¥.5%(Z5(K4) + Z5(JM)) HRAZ 50
60 0 85 N1 51
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80 TEMP3. = .5%(25(KJ) + Z5(JM))
85 ITEMPS = 1 + IM*(JM - 1)
1TEMP3 = MO(ITEMP3)
ITEMP3 = M2(ITEMP3)
CXS(KI,KJ,2) = ATC(KII*(Z5CIM) + 25(KJ))/(TEMP3*
1 (3.%¢Z5(JMY*COCINT, ITEMP3) + 25(KJICOCIHT, LTEMP)}))
60 T0 125
90 CAS(K1,KJ,2) = AL(KL)/(3.*COCIHT,ITENP)*( TEMP *71
1 COCIHT, ITEMP)))
60 T0 125
95 CXSCKI,KS,2) = .0
G0 10 125
100 1F (K4 - JM) 125,105,105
105 IF (B03 - 1) 115,120,110
110 TEMP2 = CXS(KI1,1,2)
CXT(K1) = TEMP2
60 10 125
115  TEMP2 = AN1CKI)/(3.*COCIKT, ITENP)*( TENP 7
1 COCIHT,ITEMP)))
CXT(KI) = TEMP2
60 T0 125
120 TENP2 = .0
EXT(XI) = TENP2
125 1F (I - 1) 130,130,145
130 1F(BOT) 135,135,140
135 CXSCKI,KJ,1) = AOCKI  )*Z5(KJ)/(3.*COCIHT, ITEMP)~
1 (.5*RS5(K1) + .71/COCINT,ITEMP)))
60 T0 165
140 CXS(KI,KJ, 1) = .0
o T0 165
145 IF (K1 - IN) 165,150,150
150 1FCBO2) 155,155,160
155  TEWP1 = ADCKI+1)*25(Kd)/ (3. *COCINT, ITEMNP)*
1 (.5*R5(K1) + .71/COCINT,ITEMP)))
CXRCKJ) = TEMP1
0 10 165
160 TEMP1 = .0

CXR(KJ) = TEMP1
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165

200

s

o

CXSCKI,KJ,3) = CXSCKI,KJ,3) + CXSCKI,KJ, 1) + CXS(KI,KJ,2)
1+ TEMPY + TEMP2
ADCKI)=TEMPA
ACIP)=TENPS
ANKD=TENPC
CONTINUE
RETURN
END
SUBROUTINE INNER2(NO, N2, CXS, S2, MO, M2, V0, CO,JIM,JJM, JTL,
1 CXR,CXT, HA, PA)
INCLUDE /ABC.FOR’

DIMENSION NOC1), N2(1),CXSCJIM,JJM,3),52(1), MOCT), M2(1),

1 VO(1), COCJTL,1), CXRCD), CXT(1), HACD), PACT)

CALL IFLUXN (N2, CO, VO, CXS, MO, M2, ITL, IN, JK, CXR,CXT,XR,XD)
DO 4 1=1, IMJM

NOCI) = N2CI)

BEGIN FLUX CALCULATION

1B = In - 1

4KB = 0N -1

FLUK CALCULATION USING SOR WITH LINE INVERSION

CALCULATION OF BOTTOM BOUNDARY FLUX
KI =1

x$=1

[ =K+ (KJ - 1D*IN

HACKI)= CXS(KI+1,KJ, 1)/CXS(KI , Kd,3)

PACKI)= (52(1) + CXSCKI,KJ+1,2)*N2C1+IM)}/CXSCKI,KJ,3)

DO 5 KI = 2,1KB

1=K+ ¢k = DN

HACKI) = CXS{KI+1,Kd,1)/CCXSCKI,Kd,3)- CXS(KI, K, T)*HACKI-1))
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NN
N1
HRA1
HRA1
HRAY
INNT
INNY
N1

1NN2

INN2
INN2
HRA2
INN2
1NN2
INN2
INN2
INN2
NN2
INN2
INN2
INN2
INNZ
1NN2
INN2
INN2
INN2
INN2
INN2

PACKI) = (S2(1) + CXS(KI,KJ+1,2)*N2(I+IM)+ CXS(KI,KJ, 1)*PACKI-1))/INN2

1 (CXSCKI,KJ,3) - CXSCKI,KJ,1)*HACKI-1))
Kl = IM
=Kl + (KS- D*IN

INN2
INNZ2
INN2

N2¢1) = (S2¢1) + CXS(KI, KJ+1,2)*N2(1+IM)+ CXS(KI,KJ, 1)*PA(KI-1))/INNZ

1 (CXSCKI,KJ,3) - CXS(KI,KJ,1)*HA(KI-1))
DO 10 KIT = 2,IM

INN2
INN2

288

w
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32
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KI = IN - KIT + 1

1=K+ (kI - ¥R
10 N2(1) = PACKI) + HACKI) * N2CI+1)

DO 15 KI = 1,IK

I=KI+ (K§- D*IM

N2(1)=NO(1)+ORF*(N2(1)-NO(1))

15 IF(N2(1).LE.0)N2(1)=ABSCNOC1)+(N2(1)-NOC1))/ORF)

C  PRINCIPAL FLUX LOOP

DO 40 KJ = 2,JKB

Kt =1

1=K+ (RS- 1)*IH

HA(KI)= CXSCKI+1,KJ,1)/EXSCKI ,Kd,3)

PA(KI)= (S2¢I) + CXS(KI,KJ,2)*N2(1-IM)+ CXS(KI,KJ+1,2)*N2CI+IM))/

1 CXS(KIKJ,3)
DO 25 KI = 2,IKB
I =KL+ (K- 1)IN

HACKI) = CXSCKI+1,KJ,1)/(CXSCKI,KJ,3)- CXSCK1,KJ, 1)*HACKI-1))
25 PACKI) = (S2(I) + CXS(KI,KJ,2)*N2(I-IN)+ CXS(KI, KJ+1,2)*N2(I+IM)+
1 CXSCKI,KJ, 1)*PACKI-1))/(CXSCKI,KJ,3) - CXSCKI,KJ, 1I*HACKL-1})

KI = IM
L =Kl (KI - H*IN

N2(1) = (S2([) + CXSCKI,KJ,2)*N2C1-IM)+ CXSCKI,Kd+1,2)*N2(1+1M)+
1 CAS(KI,KJ, 1)*PA(KI-1))/(CXS(KI,KJ,3) - CXSCKI,KJ,1)*HA(KI-1))

DO 30 KIT = 2,IM
KI = I - KI1 + 1
1=Kl + (KJ - 1)*IN

30 N2(I) = PACKI) + HACKI} * N2(I+1)
2035KI = 1,1M
T =K[+ (K- D*IN
N2(1)=NO(1)+ORF*(N2(1)-NO(1))

35 [F(N2C1).LE.0IN2(1)=ABS(NOCI)+(N2(1)-NO(1))/ORF}

40 CONTINUE

c CALCULATION OF TOP BOUNDARY FLUX
K= M
Kl =1

1 =KL+ (K - 1DI*IN
HACKI 3= CXS(KI+1,Kd,1)/CXSCKI K, 3)
PACKI) = (52(1) + CXS(KI,KJ,2)*N2(1-IN))/CXS(KI,KJ,3)
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DO 45 KI = 2,1KB
1 =KI + (KJ - 1)*IN
HA(KI) = CXSCKI+1,KJ,1)/¢CXS(KI, KJ,3)- CXASCKE,KJ, 1)¥HA(KI=1)}
45 PA(KI) = (S2¢1) + CXS(KI,KJ,2)*N2(I-1M)+ CXS(KI,KJ, 1)*PACKI-1))/
1 (CXSOKI,KJ,3) - CXSCKI,KJ,1)*HACKI=1))
KI = 1N
I =K+ (KJ - D*IN
N2(I) = (S2(1) + CXSCKI,KJ,2)*N2(1-IM)¢ CXSCKI,KJ,1)*PACKI-13)/
1 (CXS(KI,KJ,3) - CXS(KI, KJ,1)*HA(KI-1))
DO 50 KII = 2,IM
KI = IM - Kil + 1
1=K+ (K- 1)*IM
50 N2(I) = PACKI) + HACKI) * N2CI+1)
00 55 k1 = 1,IM
1=K+ (K- 1IN
N2C1)=NOC[)+ORF*(N2(1)-NOC1))
55 IF(N2(1).LE.D)N2(1)=ABSCNOCI)+(N2(1)-NOCI))/ORF)
TEWP1 = 0
0090 1 = 1,IMM
TEMPZ = ABS (1.0 - NOCI)/N2(1))
IF (TEMPY - TEMP2) 80,90,90
80  TEWP1 = TENP2
9 CONTINUE
c
€ INMER [TERATION CONTROL
133 =L+
M=11+t
IF (11 - 607) 533, 1033, 1033
533 IFCTENP1-EPS) 633,633,2
633 1F(G06) 733, 1033, 733
733 [F(TENP1-G06)1033,1033,2
1033 CONTINUE
RETURN
END
SUBROUTINE INNERP(NO, N2, CXS, $2, NO, M2, VO, CO,JIM,JJM, JTL,
1 CXR,CXT, HA, PA)
INCLUDE “ABC.FOR'
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4

DIMENSION NO(1), N2¢1),CXS(JIM,JJM,3),52¢1), MOCT), M2(1),
1

VO(1), COCUTL, 1), CXR(1), CXTC(1), HAC1), PA(1)
THIS SUBROUTINE CALCULATES THE FLUX FOR PERIODIC B. C.
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INNP
INNP

CALL IFLUXN (N2, CO, VO, CXS, MO, N2, ITL, IM, JM, CXR,CXT,XR,XD) HRA2

DO 4 1=1, IMIM

NOCI) = N

BEGIN FLUX CALCULATION

IKB = IM - 1 -
JKB = UM - 1

FLUX CALCULATION USING SOR WITH LINE INVERSION

CALCULATION OF LEFT BOUNDARY FLUX

Kl =1

KJ =1

T =Kl +(KJ- D*IN

N2¢I) = CXS(KI,1,2)/CXS(KI KJ,3)

HACKJ)= CXS(KI,KJ+1,2)/CXS(KI ,Kd,3)

TEMP1 = N2(1)

TENP = HAC1)

PACKJY= (S2(1) + CXSCKI+1,KJ, 13*N2CI+1))/CXS(KI K, 3}
TENPZ = PA(KJ)

00 5 KJ = 2,08

1=K+ (KJ - D*IM

HACKL) = CXSC(KI,KJ+1,2)/(CXS(KI,KJ,3)- CXSCKI,KJ, 2)*HACKI-1))
N2(1) = CXS(KI, KJ,2) * N2(I-TM)/

1 (CXSCKT,KJ,3)- CXSCKT,KJ,2)*HA(KJ-1))

1

1
1

TEMPY = TEMP1 + TEMP*N2(I)

PACKJ) = (S52(1) + CXSCKI1,Kd,1)*N2(I+1) + CXSCKI,KJ,2)*PACKJ-T))/INNP 32
P

{CXS(KI,KJ,3) - CXSCKI,KJ,2)*HACKJ-1))
TEMP2 = TENP2 + TEMP*PA(KJ)
TEMP = TEMP*HA(KJ)
Kd = M
I =K+ (K- D*IM
TEMPY =(TEMPY + TEMP)*CXS(KI,1,2) + CXS(KI,KJ,2)*N2(I-IM)
N2(1) = (S2(1) + CXS(KI+1,Kd, 1)*N2¢1+1) + CXS(K1,KJ,2)*PA(KI-1)
+ CXS(KI, 1,2)*TEMP2 )/
(CXS(K!,KJ,3) - CXSCKI,KJ,2)*HA(KJ-1) - TEMP1)
DO 10 KJJ = 2,JM

5

6
INNP 7

8
INNP 9
INNP 10
INNP 11
INNP 12
INNP 13
INNP 14
INNP 15
INNP 16
INNP 17
INNP 18
INNP 19
INNP 20
NP 21
INNP 22
NP 23
INNP 24
INNP 25
INNP 26
INNP 27
INNP 28
INNP 29
INNP 30
INNP 31

INNP 34
INNP 35
INNP 36
INNP 37
INNP 38
INNP 39
INNP 40
NP 41
INNP 42
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25

KS = JM - Kdd + 1

1=K+ (K- D*IN

KIT = (JM-1)*IN + KI

N2CI) = PACKJ) + HACKJ) * N2CI+IM) + N2(I) * N2(KIT)

D0 15 KJ = 1,JM

I =K+ (K- D*IM

N2CT) = NOCI) + ORF*(N2(1) - NOCI))

PRINCIPAL FLUX LOOP

D0 40 KI = 2,1KB

Ki=1

1=K+ (K- D*IM

HACKS)= CXSCKI,Kd+1,2)/CXSKT,KY,3)

N2(I) = CXSCKI,1,2)/CXS(KI KJ,3)

TEMP1 2¢1)

TEMP = HA(1)

PACKJY= (S2(1) + CXSKI,KJ, 1)*N2(I-1) + CXSCKI+1,KJ, 1Y*N2(1+1))/
1 CXS(K1,KJ,3)

TEMPZ = PACKJ)

00 25 KJ = 2,JKB

I=Kl+ (Ki- D*IM

HACKJ) = CXSCKI,Kd+1,2)/(EXSCKI,KJ,3)- CXSCKI,KJ,2)*HACKI-1))
N2(1) = CXS(KI,KJ,2) * N2CL-IM)/

1 (CXS(K1,KJ,3)- CXSCK],KJ,2)"HACKI-1))
TEMP1 = TEMPY + TEMP*N2(1)

PACKJ) = (S2(1) + CXSCKI,KJ, 1)*N2(I-1) + CXSCKI+1,KJ, 1)*N2(I+1) +
1 EXS(KI,KJ,2)*PACKI-1))/CXS(KL,KJ,3) - CXS(KI,KJ,2)*HACKI-1))
TEMPZ = TEMP2 + TEMP*PA(KJ)

TENP = TEMP*HA(KJ)

KJ = JM

I =KL+ (K- D*IN

TEMP1 =(TEMP1 + TEMP)*CXS(KI,1,2) + CXS(KI,KJ,2)*K2(1-IM)
R2(1) = (S2¢1) + CXS(KIKJ,1)*N2(I-1) + CXS(KI+1,KJ,1)*N2(1+1) +
1 CXS(KI,1,2)*TENP2 +

1 CKS(KI,KJ,2)*PACKS-1))/(CXSCKI KJ,3) - CXS(KI,KJ,2)*HACKI-1) =
2 TENPY)

DO 30 KdJ = 2,4M

KS = aM - K3+ 1

I =KL+ (KJ- D*IN
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45

50

KIT = (JM-1)*IR + KI
N2CI) = PACKJ) + BACKJ) * N2(I+IM) + N2C1) * N2(KII)
DO 35 KJ = 1,4

I =KL+ (KJ - N*N

N2(1) = NOCI) + ORF*(N2(1) - NOC1))
CONTINUE

CALCULATION OF RIGHT BOUNDARY FLUX
KI = IM

Ki=1

1=Kl + (KJ - 1*IN

HACKJ)= CXS(KI,Kd+1,2)/CXS(KI KJ,3)

N2(1) = CXS(KI,1,2)/CXS(KI,KJ,3)

TEMP1 = N2(1)

TENP = HACT)

PACKJ)= (S2(1) + CXSCKI,KJ,1)*N2(1-1))/CXSCKI,KJ,3)

TEMP2 = PA(KJ)

DO 45 KJ = 2,JKB

1 =KL+ (K- DM

HACKJ)Y = CXS(K1,Kd+1,2)/(CXS(KI,KJ,3)- CXSCKI,KJ,2)*HACKJ-1))
N2(T) = CXS(K1,KJ,2) * N2(I-IM)/

1 (CXS(KI,KJ,3)- CXSCKI,KJ,2)%HACKJ-1))
TEMP1 = TEMP1 + TEMP*N2(I1)

PACKJ) = (S2(1) + CXSCKI,KJ, 1)*N2(1-1) + CKSCKI,KJ,2)*PACKI=1))/
1 (CXS(KI,Kd,3) - CXSCKI,KJ,2)*HA(KI-1))

TEMPZ = TEMP2 + TEMP*PA(KJ)

TENP = TEMP*HA(KJ)

KJ =

1=K+ (KJ - VI

TEMP1 =(TEMP1 + TEMP)*CXS(KI, 1,2} + CXSCKI,KJ,2Y*N2(I-1M)
N2CI) = (S2(1) + CXS(KE,KJ, 1)%N2(1-1) + CXS(KI,KJ,2)*PA(KJ~1)
1+ CXSCKI,1,2)*TENP2)/

1 (CXS(KI,KJ,3) - CXS(KI,KJ,2)*HACKJ-1) - TEMP1)

50 50 KJJ = 2,04

Kd=JM - K3+ 1

1=K+ (K - D*IM

KII = (JN-1)*IM + X1

N2CT) = PACKJ) + HACKJ) * N2(1+IM) + N2CI) * N2(KIT)

DO 55 KJ = 1,44

g

INNP
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INNP
INNP
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INNP
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INNP
INNP
INNP
INNP
INNP
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INNP
INNP
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INNP
INNP
INNP
INNP
INNP
INNP
INNP
INNP
INNP
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INNP
INNP
INNP
TNNP
INRP
INNP
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TLIST2.FOR Wednesday, February 21, 1990 12:31 pm Page 47
1=K+ (K- 1)*IN INKP 119
S5 N2(I) = NOCI) + ORF*(N2(1) - NOC1)) INNP 120
c CALCULATION OF ERROR CRITERIOM INNP 121
TENP1 = .0 INNP 122
DO 90 1 = 1,IMM INKP 123
TENPZ = ABS (1.0 - NO(1)/N2(1)) INNP 124
1F (TEMPY - TEMP2) 80,90,90 INNP 125
80  TENP1 = TEMP2 INNP 126
90  CONTINUE INWP 128
c INKP 129
c INNER ITERATION CONTROL INNP 130
133 C=1LC+1 INNP 139
m=ir+1 INRP 132
1F 11 - GO7) 533, 1033, 1033 INNP 139
533 IF (TEMPY - EPS) 633,633,2 INNP 150
633 1FCGOS) 733, 1033, 733 INNP 141
733 IF (TEMP1 - GO6) 1033, 1033, 2 INRP 142
1033 CONTINUE
RETURN INNP 144
END INNP 145
SUBROUTINE INNERT(MO, M2, CXS, VO, CO, A0, 25, R5, R4, 24, A1,  INNT 2
2 JIM, JJM, JTL, CXR, CXT) INT 3
DIMENSION MO(1), M2(1),CXSCJIN,JJN,3),V0(1), COGITL,T), INNT 4
1 AOC1), 25¢1), R5(1), R4C1), Z4C1), A1(1),CXR(1), CXTC)INNT 5
TNCLUDE "ABC.FOR’
c THIS SUBROUTINE CALCULATES COEFFICIENTS FOR TRIANGULAR GEGMETRY INNT 7
DO4S KI=1, N INNT 8
DO 4S5 KI =1, IN T 9
TENP = KI - 2% (KI/2) - (KJ - 2* (KJ/2)) INNT 10
TEMP = ABSCTEMP) INT 11
I =Kl + (Ki-1) *IN INNT 12
ITEMP = NOC1) INNT 13
ITENP = M2(ITENP) INNT 14
CXSCKI,KJ,3) = VO(1>*(COCIHT,1TEMP) - COCIHS, ITEMP)) INNT 15
IFCT - 1) 45, 45, 18 INNT 16
18 ITEMPT = MOCI-1) INT 17
ITEMP1 = M2(ITEMP1) INNT 18



195

TLIST2.FOR Wednesday, February 21, 1990 12:31 pm Page 48
IFCITEMP - ITEMP1) 25, 20, 25 INT 19
20 CXSCKI,KJ, 1) = ADCKI)/(2.*COCIHT, ITEMP)*25(1)) INNT 20
60 T0 30 INT 21
25 CXSCKI,KJ,1) = AOCKI)/(CCOCTHT,ITEMP1) + COCIHT,ITEMP))*Z5(1))  INNT 22
30 IF(1 - IM) 45, 45, 32 INNT 23
32 ITEMP3 = MO(I - IM) INNT 24
ITEMP3 = M2CITEMP3) INNT 25
IFCITEMP - ITEMPZ) 40, 35, 40 INNT 26
35 CXSCKI,KJ,2) = AN(KID*TEMP/(2.* COCIHT, [TEMP)*25¢1)) INNT 27
T0 45 INNT 28
40 CXSCKI,KJ,2) = AT(KI)*TEMP/((COCIHT, ITENP3)+COCINT, ITEMP))*25¢1)) INNT 29
45 CONTINUE INNT 30
D0 200 Ky =1, JM INNT 31
DO 200 KI =1, IM INNT 32
TEMP = KI - 2%(KI/2) - (KI-2%(KJ/2)) INNT 33
TEMP = ABSCTEMP) INNT 34
1=Kl + (KJ-1*IM INNT 35
ITEMP = MOCI) INT 36
ITEMP = M2CITEWP) INNT 37
TENP1 = CXSCKI+1,KJ,1) INNT 38
TEMP2 = CXSCKI,KJ+1,2) INNT 39
IF(Kd-1) 65, 65, 100 INNT 40
&5 1F(B04-1) 90, 95, 95 INNT 41
90 CXS(KI,KJ,2) = AICKIY*TEMP/(3.*COCIHT, ITENP)Y*(25(1)/3. + .71/ INNT 42
1 COCTHT, ITEMP))) INNT 43
G0 TO 125 INNT 44
95 CXS(K1,KJ,2) = .0 INNT 45
60 TO 125 INT 46
100 IF(KJ - J0) 125, 105, 105 INNT 47
105 IF(BO3 - 1) 115, 120, 120 INNT 48
15 TENP = KI - 2%(KI/2) - (KJ + 1= 2%((KJ+1)/2)) INNT 49
TEMP = ABS(TEMP) INNT 50
TENP2=A1(KI)*TEMP/( 3.*COCIHT, ITENP)*(25(1)/3.+.71/COCIHT, ITENP))JINNT 51
CXT(K1} = TEMP2 52
60 10 125 INNT 53
120 TEMP2 = .0 INNT 54
CXT(KI) = TENP2 THNT 55
125  IF(KI-1) 130, 130, 145 IRNT 56
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130 IF(BO1) 135, 135, 140
135 CXS(KI,K4,1) = ADCKI)/(3.¥COCIHT, ITENP)*(25(1)/3.
1 ¢ .71/CO(IHT,ITEMP}))
60 T0 165
140 CXS(KI,Kd,1) = .0
0 T0 165
%5 IF(KI - IM) 165, 150, 150
150 1F(BO2) 155, 155, 160
155  TEMP1 = AG(KI+1)/(3.*COCINT, ITEMP)*(25(1)/3.+.71/COCINT, ITEMP)))
CXR(KJ) = TEMP1
60 T0 165
160 TEMP1 = .0
CXR(KJ) = TEMP1
165 CXS(KI,KJ,3) = CXS(KI,KJ,3) + CXSCKI,KJ,1) + CXSCKI,K4,2)
1+ TENP1 + TEMP2
200  CONTINUE
RETURN
END
SUBROUTINE INP
INCLUDE “ABC.FOR‘

COMMON/PACKED/A(50000)
DIMENSION IDUM(25), DUM(12)
€ THIS SUBROUTINE CONTROLS THE READING OF ALL INPUT DATA
NCR1 = 3
NSCRAT = 4
NINP = 5
NOuT = 6
NFLUXT = 8
NSORCE = 9
WRITECNOUT,9)
9 FORMATC1H1)
WRITE (NOUT,10)
10 FORMAT (20X, '* ¥ * % * % PQ2DB**#x# 2
READ(NINP, 20,END=14) (ID(1),1=1,20)
G0 T0 15
14 sTOP
15 CONTINUE
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20 FORMAT (20A4)
WRITE(NOUT,30) (IDCI),1=1,20)
30 FORMAT (1X, 20A4//)

1=13 HRAZ
CALL REAI2 ¢’ INPY, IDUMCDY, 1)

1=14 HRAZ
CALL REAI2 ¢’ INPf, IDUM(14),1) HRA2

CALL REAG2 ('  INP’, DUN(1),1)
CALL REAG2 ¢’ INP‘, DUMC7),I)

WRITE (NSCRAT) CIDUMCI), 1=1,27) HRAZ
WRITE (NSCRAT) (DUM(I), 1=1,12)

REWIND NSCRAT

READ (NSCRAT) AO2, 104, SO2, IGM,IHT, NXCM, MCR, GO7, DOS, MAXT, HRA2

1 NPRT,KO7, NPUN, 1GE, ITOR, WACT, IN, JN, IZM, MT, 01, BO1, HRAZ

2 802, BO3, BO4,1Z, JZ

WRITECNOUT,60)  AO2, 104, SO2, IGM,INT, NXCM, MCR HRAZ
60 FORMATC

116,' AO2 O/1=REGULAR CALCULATION/ADJOINT CALCULATION’/

216,' 104 EIGENVALUE TYPE (0/1/2/3/4/5=SOURCE/K/ALPHA/CONC/ "

3, “DELTA/BUCK)*/

5 16," S02 PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/K/ALPHA)'/

716,' 1GM NUMBER OF GROUPS’/

4 16, IHT POSITION OF SIGMA TRANSPORT'/ HRAZ

9 16,7 NXCH  NUMBER OF DOWNSCATTERING TERMS’/

2 16,” MCR  NUMBER OF MATERIALS FROM CARDS/TAPE (+N/-N)')

WRITE (NOUT,70) GO7, DOS, MAXT, NPRT, MO7, NPUN
70 FORMAT(

116,Y GO7 INNER ITERATION MAX PER GROUP (IF NEG, ALT DIR)'/

3,16,’ D05 MAXIMUN NUMBER OF QUTER ITERATIONS'/

5 16,7 MAXT  MAXIMM TIME IN MINUTES (IF O, NO EFFECT)’/

7 16,7 NPRT  PRINT OPTION (0/1/2/3=MINI/MIDI/XS/FLUXES)’/

9 16,7 MO7  FLUX GUESS (0/1=NONE/FLUX FROM TAPE 14)’/

2 16,7 NPUN  FLUX DUMP (0/1=NONE/FLUX DUMP TO TAPE 16)!/)

WRITE(NOUT,80) IGE, ITOR , NACT, IM, JM, IZM, WT, NO1 HRAZ 60
80  FORMAT( N 61

116,’ 16E  GEOMETRY (0/1/2/3=X-Y/R-Z/R-THETA/TRIANGULAR)'/

4 16,” ITOR TOROIDAL SPECIFIER (0/1=R-THETA/TOROIDAL)’/ HRA2
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1"

E

6 16,7 NACT ACTIVITIES (0/>0/=NG EFFECT/READ TABLE POSITIONS’
8, FOR ACTIVITIES)'/
316,/ 1M  NUMBER OF RADIAL INTERVALS‘/

5 36,7 JM  NUMBER OF AXIAL INTERVALS'/

7 16,7 124  NUMBER OF 20MES’/
9 16, MT  TOTAL NUMBER OF MATERIALS INCLUDING MIXES'/

2 16,’ MO1  NUMBER OF NIXTURE SPECIFICATIONS)
WRITE(NOUT,90) BO1, BO2, BO3, 804, 1Z, JZ

FORMAT(

116,’ BO1 LEFT BOUNDARY CONDITION (0/1=VACUUN/REFLECTIVE)'/
3 16,’ BO2 RIGHT BOUNDARY CONDITION (0/1=VACUM/REFLECTIVE)'/
5 16, BO3 TOP BOUNDARY CONDITION (0/1/2=VACUUM/REFLECT/’
6,7PERIOOIC) !/

7 16,7 BO4 BOTTOM BOUNDARY CONDITION (0/1/2=VACUUM/REFL/’
8,7PERIOOIC)*/

916,/ 12 NUMBER OF RADIAL ZONES (DELTA OPTION ONLY)/
216,742 MUMBER OF AXIAL ZONES (DELTA OPTION ONLY)'/)
READ(NSCRAT) EV, EVM, SO3, BUCK, LAL, LAH, EPS, EPSA, GOS,
1 POD, ORF, SO1

REWIND NSCRAT

WRITECNOUT,110) EV, EWN, SO3, BUCK, LAL, LAH

FORMAT(

1 1X,1PE11.4,7 EV  FIRST EIGENVALUE GUESS'/

3 1X,1PE11.4,7 EVM  EIGENVALUE MODIFIER’/

5 1X,1PE11.4,7 503  PARAMETRIC EIGENVALUE'/

7 1X,1PE11.4,7 BUCK  BUCKLING (CM-2)'/

9 1X,1PE11.4,7 LAL  LAMBDA LOWER’/

2 ,1PE11.4,” LAH  LAMBDA UPPER’/)

WRITE (NOUT,120) EPS,EPSA,GO6,POD,ORF,S01

FORMATS

1 16,1PE11.4, EPS  EIGENVALUE CONVERGENCE CRITERION’/
3 1X,1PE11.4,7 EPSA  PARAMETER CONVERGENCE CRITERION‘/

S 1X,1PE11.4,/ GO6 INNER 1TERATION TEST (IF 2ERQ, NO TEST)'/
7 1X,1PE11.4,¢ POD  PARAMETER OSCILLATION DAMPER’/
9 IX,1PE11.4,7 ORF  OVER-RELAXATION FACTOR’/
2 M, 1PE11.4,7 SO1  -N/+N=POWER (MWT)/NEUTRON SOURCE RATE’)
1F(ITOR.EQ. 1)THEN

1=1
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210
220
230

240
250

=

wa

CALL RREAGZ (*  INP*, BIGR,1)
WRITEC6, 11)BIGR

FORMAT(2X, 'BIGR=" ,E13.6)
ELSE

B16R=1.0E+20

ENDIF

504=0

IF (GO7.LE.0) S04=1
607=ABS(GO7)

uIP=0

TF (NCR .LE. 0) NTP=-MCR

IF (MCR .LE. 0) NCR=0
IF(12 + J2) 230, 210, 230
IFCI0G - 4) 230, 220, 230
CALL ERRO2 ('***104,220,1)
CONTINUE

IF(S02) 240, 260, 240
IF(SO03) 260, 250, 260
CALL ERROZ (/***S037,250,1)
CONTINUE

FEF = 200.0

TSD = FEF*1.602%10.%*(-19)
COMMENT OUT CALL SETTIN ON A VAX
CALL SETTIM (0,0,0,0)

KPAGE = 100
IHS = IHT+1
ITL = NXCM + THS
IHT = 4

1Zp = 12 + 1
P =M+
JP o= UM+t
ML = NCR + MTP
16P = IGM + 1
IGEP = IGE + 1
IMJM = IN*JM
€= .0

Vednesday, February 21, 1990 12:31 pm
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HRA2
HRA2
HRA2
HRA2
HRA2

NP
P
NP

NP
NP
INP
NP
INP

152



TLIST2.FOR Wednesday, February 21, 1990 12:31 pm

300
310

lc=0

PO2=0
ovT =
CNT = 0
NCON = 0
T06 = 0
IF(104-4) 310, 300, 310
T06 =1
CONTINUE
ORFP =1.0%(ORF - 1.0) + 1.0
COMPUTE DIMENSION POINTERS
LHOLR = 1
LATY = LHOLN + 2%ML
LALAN = LATH + ML
LCO = LALAN + ML

= LCO + ITL*NT
LN2 = LNO + IMJM

= LN2 + MM
LAY = LAO + IP
LFO = LA1 + IN
LF2 = LFO + IMJK
LIO = LF2 + MM
LIt = LIO + MO1
LI2 = LI1 + WOl
LI3 = L12 + MO1

LI3 + mo1
LK7 = LKS + 1GH
LMO = LK7 + 1GM

LM2 = LMD + IMIN
LRO = LM2 + 12M
LR = LRO + IP
LR2 = LR1 + IP
LR3 = LR2 + TO6*IM
LR4 = LR3 + 10612

200

Page 53

INP
WP
NP
INP
NP
L
NP
INP
INP
INP
jL1d
INP
INP
INP

ne
e
NP
.
NP
NP
e
NP
NP
INP
INP
NP
INP
INP
INP
NP

NP
INP

153
154
155
156
157
158
159
160
161
163
164
165
166
167
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LR5 = LRG + IM NP 193
LS2 = LRS + IN ’ NP 196
LVD = LS2 + IMJM NP 195
LV = LVD + INJM I 196
L20 = LV7 + 16M N 197
L21 = L20 + JP N 198
122 = L2t + 0P NP 199
L23 = 122 + JN*T0S . INP 200
L26 = LZ3 + J2*106 NP 201
125 = 126 + WK N 202
LCKS = L25 + M NP 203
LVOL = LCXS + IMIM"3 NP 204
LMASS = LVOL + I2M . NP 205
LMATN = LMASS + ML*I2M NP 206
LNBR = LMATN + ML P 207
LLD = LNER + ML NP 208
LLCN = LLD + ML P 209
LLFN = LLON + ML*2 NP . 210
LPHIB = LLFN + ML*7 we 21
LAXS = LPHIB + 12M we 212

[ LTE=LAXSHIL*1ZH HRA

¢ LT8=LTEWHLE 1ZH HRA

[ LNTWON=LTBHLY 1ZM HRA

cc LFXS = LAXS + ML®IZM wp 2

13

c LFXS = LNTHON + ML*IZN HRA 21

3
LACT=LAXS+AL*1ZM HRA3
LACPOS=LACT+HL¥IZN*NACT*HL HRA3
LFXSELACPOS+HACT HRAS
LMASSP = LFXS + ML¥IZM WP 214
LCKR = LMASSP + ML¥IZN wp 215
LOXT = LOR + M we 216
LHA = LCXT + IW we 217
LPA = LHA + MAXO(IM, JM) me 218
LGAM=LPA + MAXOCIM, JN) we 219

LAST = LGAM + IZM
ITEMP = 1 + ML*(3+IGM*ITL) + 1ABS(MTP) + MT*ITL
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315
316

37

335
340

5
350

351

354

LAST=MAXO(LAST, ITEMP)

WRITE (NQUT,316) LAST

IF (LAST.GT.50000) CALL ERRO2 (‘  INP’,3'
FORNAT(THOLAST = ,17)

DO 317 1=1,ITEMP

A(1)=0.0

1990 12:31 pm

15,1)

READ CROSS SECTIONS AND WRITE CROSS SECTION TAPE
CALL SBS0CA(LNO) ,A(LCO),1TL,1GM,NT ML, ACLATY) ACLHOLNY, ACLALAM))

DO 325 1=LCO, LAST

ACLY = .0

READ FLUXES AND WRITE FLUX TAPE
CALL SB62(A(LNO), ACLRO}, A(L20))
READ EXTERNAL SOURCE

IF (104) 328,326,328

CALL SB64 (A(LS2))

CONTINUE

WRITE(NOUT, 330)

F RO/

READ RADIAL INTERVALS

CALL REAG2(’  RO’,A(LRO),IP)

READ AXIAL INTERVALS

CALL REAG2(’  Z07,ACLZ0),JP)

READ ZONE NUMBERS

IF (NPRT .GT. 1) 6O TO 335

CALL REARI2 ("  INP’,ACLHO), IMIN)

G0 TO 345

WRITECNOUT,340)

FORMAT(3OHOZOWE NUMBERS BY MESH INTERVAL)
CALL REARIZ (*  NO’,ACLMO, INJM)

READ MATERIAL NUMBERS

WRITE(NOUT, 350)

FORMAT(25HOMATERTAL NUMBERS BY ZONE)
CALL REARI2(’ M2’ A(LM2),IZM)
1F(104-5) 351,352,351

IF(BUCK) 352,358,352

WRITE(NOUT, 354)

FORMAT (30HOBUCKL ING COEFFICIENTS BY ZONE)

POINTS/AXIAL POINTS))
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N 237
WLp

NP 260
NP 241
NP 242
NP 243
INP 244

INP 246

INP 248

INP 254
NP 255
HRA2

NP 257
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CALL REAG2(’  GAM!, ACLGAM),IZM) wx

358  CONTINUE INP 266

[4 READ FISSION FRACTIONS NP 267
WRITE(NOUT,360) INP 268

360  FORMATCI7HOFISSION SPECTRUM) we 269
CALL REAG2(/ K7¢ ,ACLKT), 1GM) VX

T READ VELOCITIES w27
IF (104 .EQ. 2 .OR. 502 .EQ. 2) 60 TO 365
GO TO 375

365 WRITECNOUT,370) w272

370  FORMAT(17HONEUTRON VELOCITY) NP 273
CALL REAG2(* V7', ACLV7),1GH) L

375 IF(MOT) 400, 400, 380 NP 275

380  WRITE(NOUT,390) INP 276

390  FORMAT (’OMIXTURE SPECIFICATIONS (I0/I1/12=MIX NUMBER/MAT. NUMBER

400

410
420

&t

490

1FOR MIX/MAT. DENSITY)’)

CALL REARI2(’ 107,A¢L10),M01) HRA2
CALL REARIZ(’ 117 ,ACLI1),NOTY HRAZ
CALL REAG2(’ 127 ,A(L12),M01) L3
CONTINUE INP
CHECK FOR DELTA CALCULATION NP
IFCI04 - 4) 440, 410, 440 NP
WRITE(NOUT,420) NP

FORMAT (1HO,’DELTA OPTION DATA (R2/R3=RADIAL ZONE NUMBERS/ZONE MOD
1IFIERS)’)

CALL REARI2(’ R27 ,ACLR2), IN) HRA2
CALL REAG2(’ R3’,A(LR3),12) Lid
WRITE(NOUT,430)

FORMAT (1HO,’DELTA OPTION DATA (Z2/23=AXIAL ZONE NUMBERS/ZONE MODI
1FIERSY")

CALL REARI2(’ 227 ,A(L22), M) HRA2
CALL REAG2(’ 23/ ,A(L23),42) HVX
CONTINUE Ne
TF(NACT.GT.0)THEN HRA3
WRITE(NOUT, 4905 HRA3
FORMAT (1HO, 'ACTIVITY POSITION DATA’) HRA3
CALL REARI2(’ ACPOS’,ACLACPOS),NACT) HRAZ

WRITEC(NOUT,*) HRA3

282
283
284
285

292
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ENDIF
CALL MAPR(A(LMO),A(LM2),IM,JH,A(LCO))}
RETUI
END

40

SUBROUTENE INPB{MATN,NBR,LD,LCN,LFN,ALAM HOLN, JML,12)
INCLUDE ’ABC.FOR!

DIMENSION MATN(1), NBRC1), LD(C1),LCNCJML,1),LFNCIML, 1), ALAMCT),
1 HOLNCJML, 1), 12¢1)

DIMENSION IDUM(12)

TH1S SUBROUTINE READS AND PRINTS THE BURNUP DATA
CALL REAI2 (* INPB’,ITEMP,1)

DELT = .0

IF (ITEMP .NE. 0) CALL REAG2 (’ INPB’,DELT,1)
DAY = DAY + DELT

VT =0

CNT = 0

P2 =0

ALA = 0.0

LAP = 0.0

LAPP = 0.0

LAR = 0.0

KPAGE = 100

IFCITEMP) 100, 15, 20

NCOK = ITEMP

6O YO 100

NCOK = ITEMP

DO 40 M =1, NCON

REWIND NSCRAY

CALL REAI2 (7 INPB’,IDUM(1),12)

WRITE (NSCRAT) (IDUN(I),1=1,12)

REWIND NSCRAT

READ (NSCRAT) MATN(N),NBR(N),LDCN), (LCN(N,K) K=1,2),(LFNCN,K),

1%=1,7

REWIND NSCRAT

ITEMP=MATN(N)

CALL REAG2 (’ INPB,ALAMCITEMP), 1)
CONTINUE

204
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HRA3

NP 300

INP 302

INPB

INPB
INPB
1INPB
INPB
INPB
INPB
INPB
INPB
INPR

INPB
INPB
INPB
INPE

INPB
INPB

2

10
1"
12
13
14

16
17

19

25
26
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WRITE(NOUT,$0)

60 FORMAT( 12H1BURNUP DATA///}
WRITE(NOUT,70)

70 FORMATCTH , ‘BURNABLE  MAT. NAME LAMBDA NBR % * *¢
1,7 SOURCE ISOTOPE FOR * * ¥ * #¢/
2 1H ,’ ISOTOPE  NO. (DAYS-1) DECAY*,
12X, 'CAPTURE FISSION* /)

100

100

110

DO 90 N=1, NCOW

FORMAT (16,5X,13,5K,2A4, 1X,E9.2,2X, 13,2X, [3,2X,213,2X,713)
ITEMP = MATNCN)

WRITE(NOUT,B0) N, MATN(N), CHOLNCITEMP,K),K=1,2), ALAMCITEMP),
1 NBRCN), LDCN),  CLCNCN,K) K=1,2), (LFNCN,K),K=1,7)

ALAMCITENP) = ALANCITEMP)/(3600.724.)

CONT INUE

RETURN

END

SUBROUTINE MAPR (NO,N2, JIM,JJM,K)

INCLUDE *ABC.FOR’

DIMENSION MOCJIN,JJH), M2(1), K(1)
DIMENSION FMT1(3), FNT2(3), FMT3(3), PARK(2), PICT(2), MARK(2)
CHARACTER*6 FMT1, FMT2, FMT3, MARK, PARK, PICT, MARKI
DATA FMT1/7(5X,137,7 28~ ,7," s

DATA FMT2/*(10K, ',* " "

DATA FMT3/7(10X, *,° “n "

DATA MARK/? 77,0 1)

DATA PARK/60A2 }*,'40A3 )7/

DATA PICT//6012 )*, 4013 )¢/

PRODUCE A PICTURE PRINT BY ZONE AND MATERIAL
u1=0

00 100 KZM=1,12H

NI=MAXO(NI ,N2(KZH) /1003

DO 110 1=1,1K

00 110 J=1,M

NISMAXOCNT,MOCT, 4)/100)

NI=N1+1

IF (N1.6T.2) NI=2

FNT1(3)=PICT(NI)

Page

INPB
INPB
INPB

INPB

INPB

INPB
WLP

EEEEEEEEEZ:S
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120

140

150

160
170

FMT2(3)=P1CT(N1)
FMT3(3)=PARK(NI)

MARKT =MARK(NI)

NN=1

MM=60

1F (NI.EQ.2) MN=40

1F (MM.GT.IM) MM=IM

WRITE (NOUT,190) (IDSI),1=1,20)
DO 130 JJ4=1,IM

J=JM-4a+1

WRITE (NOUT,FNTT) J,(MO(I,J), [=NN MM}

WRITE (NOUT,FNT3) (MARKI,I=NN, M4}
WRITE CNOUT, FKT2) (1,1=NN,HM)
WRITE (NOUT,200)

IF (MM.EQ.IM) GO TO 140

NN=MM+1

MH=INN -1

10 120

CONTINUE

NK=1

=60

IF (NI.EQ.2) WM=40

IF (MU.GT.TN) WH=IN

WRITE (NOUT,190) ¢IDC1),1=1,20)
DO 170 JJ=1,J4

J=u- 0ot

DO 160 L=NN, M4

N=HOCL , )

K(L)=IABS(M2(N))

WRITE (NOUT,FMT1) J,(K(L),L=NN,M4)
WRITE (NOUT,FNT3) (MARKI,I=NN,MM)
WRITE (NOUT,FMT2) (1,1=NN,MM)
WRITE (NOUT,200)

IF (W4.EQ.IM) 6O TO 180

NN=MM+1

MM=MMINN- 1

60 10 150

RETURN

Wednesday, February 21, 1990 12:31 pm
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190 FORMAT (1H1,2084///) MAR 70
200 FORMAT (2H A/2H X/2H 1724 A/2H L//BH RADIAL) WAR T4
END MAR 72-
SUBROUTINE MARCH(PHIB,MATN,FXS, AXS,VOL ,MASS MASSP,ALAM,LD,LCN, MARC 2
LFN, JNL,10,11,12,M2) MmARC 3
DINENSION PHIBC1), MATN(1), FXSCJML,1),AXSCIML,1),VOL(1), MARC 4
MASS(JML, 1), MASSP(JML, 1), ALAMCT), LD(1), LCN(JML,1),  MARC 5
2 LENCINL,13,10¢13, 111, 12¢1), M2(1) MARC 6
INCLUDE ‘ABC.FOR’
c THIS SUBROUTINE COMPUTES THE TIME DEPENDENT ISOTOPIC CONCENTRATIONMARC 8
TEMP = DELT * 24. * 3600. / 10. MARC 9
TEMP1 = .0 MARC 10
005KZ = 1,128 MARC 11
PHIB(KZ) = PHIB(KZ) * 10.%*(-24) MARC 12
DO 5 KN = 1,NCON MARC 13
LN = MATN(KN) MARC 14
5 TEMP1 = TEMP1 + FXAS(KN,KZ)*PHIB(KZ)*MASS(LN,K2)*VOL(K2) MARC 15
DO 200 KT = 1,10 NARC 16
TEMP3 = .0 MARC 17
DO 20 KZ = 1,1ZM MARC 18
DO 20 KN = 1,NCON MARC 19
LN = MATN(KN) MARC 20
20 MASSP(LN,KZ) = MASS(LN,KZ) MARC 2t
DO 100 Kz = 1,12M MARC 22
D0 50 KKK = 1,5 WARC 23
DO 50 KN = 1,NCON MARC 24
LN = MATNCKN) MARC 25
CCC  WARNING WARNING HRAZ
TEMP2m- (MASS(LN , KZ)+MASSP (LN, KZ))* CALAM{LN)+AXS(KN,KZ)*PHIB(KZ}) MARC 26
CC  ONLY USE ABOVE WHEN SIGMA ABS DOES INCLUDE SIGNA FIS HRAZ
c TEMP2=- (MASSCLN , KZ }+MASSP (LN, KZ))* (ALAM(LN)+ HRA2
c 1 (AXSCKN,KZ)+FXS(KN,KZ))*PH1B(KZ)) HRAZ2 2
6
IF (LDCKN)) 30, 30, 28 MARC 27
28 KK = LDC(KN) MARC 28
= MATN(KK) MARC 29
TEMPZ = TEMP2 + ALAM(KK)*(MASS(KK,KZ) + MASSP(KK,KZ)} MARC 30
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30 Dpo32K=12

KK = LON(KN,K)

KL = MATNCKK)

Ngnnnnnnnﬂnnhhgﬁ

IF (KK) 32,32,31
WARNING WARNING N
TEMP2 = TEMP2 + (AXS(KK,KZ) - FXS(KK,KZ))*PHIB(K2)*
ONLY USE ABOVE WHEN SIGMA ABS DOES INCLUDE SIGMA FIS
TEMP2 = TEMP2 + (AXS(KK,KZ) )*PHIB(KZ)*

1 (MASS(KL,KZ) + MASSP(KL,KZ))
CONTINUE
Do 36K =17
KK = LFN(KN,K)
KL = MATNCKK)
1F (KK) 36,36,34
THE BELOW IS FOR YIELDS OF FISSION PRODUCT POISONS
YIELD = 1.0
IF(KL.EQ.1)THEN
1F(LN-EQ.7)YIELD=0.061
TF(LN.EQ.8)YIELD=0.003
IF(LN.EQ.9)YIELD=0.0113
TFCLN-EQ.11)YIELD=1.0
ENDIF
IFCKL.EQ.6)THEN
IF(LN.EQ.7)YIELD=0.055
[F(LN.EG.8)YIELD=0,000
IF(LN.EQ.9)YIELD=0.019
TF(LN.EQ.11)YIELD=1.0
ENDIF

TEMP2=TEMP2+Y ELD+FXS(KK , KZ)}*PHIB(KZ)*(MASS (KL  KZ) +MASSPCKL K2) )

THE ABOVE IS FOR YIELDS OF FISSION PRODUCT POISONS

TEMP2 = TENP2 + FXSCKK,KZ (k) [<3 ¢
CONTINVE

MASS(LN,KZ) = MASSP(LN,KZ) + .S*TEMP*TEMP2

DO 100 KN = 1,NCON

LN = NATN(KN)

TEMP3 = TEMP3 + FXS(KN,KZ)*PHIB(KZ)*MASS(LN,KZ)*VOL(KZ)

Page
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110
120
200

500

525

540

ccc

IFCTEMPS) 200,200,110

D0 120 Kz = 1,128

PHIB(KZ) = PHIB(KZ) * TEMP1/TEMP3
CONTINUE

DO 500 KZ = 1,124

PHIBCKZ) = PHIB(KZ)*10.**(24)

DO 540 Kz=1,1ZM

DO 540 M=1,MO1

IFCIOCH) - M2(K2)) 540,520,540
DO 530 KN=1,NCON

LN = MATN(KN)

IFCLN - 19¢N)) 530,525,530
12(N) = MASS(LN,KZ)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE REAG2(HOLL,ARRAY NCOUNT)
REPLACE ALL FORMAT STATENENTS WITH * ON A VAX
COMMON NSORCE,NINP, NOUT
DIMENSION ARRAY (1), HOL(80),HEC40),LE40)
CHARACTER*6 HOLL

CHARACTER*1 HOL

CHARACTER*20 HE

J=0

READ (NINP, 10) (WOL(I),I=1,80)
FORMAT (80A1)

00 20 L=1,40

LECL)=0

1=0

L=0

L=L+1

1=1+1

IFC1.LE.80) GO TO 50

L=t-1

60 10 100

IF (HOL(1).EQ.¢ *) GO TO 60

IF (HOL(I).EQ.T’) GO TO 55

Wednesday, February 21, 1990 12:31 pm
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110

12

115
c115

19

IF (HOL(I).EQ.’C’) GO TO 55

IF (HOLCI).EQ.'Fr) GO TO 55

IF (HOL{I).EQ.’R’) GO TO 55

IF (HOL(1).EQ.‘I') GO TO 55
LECL)=LE(L)*+1

HECL)CLECL) sLECL))=HOL(T)

GO T0 40

IF (LE(LY.GT.0) L=L+1

LECLY=1

HECL)(1:1)= HOL(I)

1F (HOL(1).EQ.’R’ .OR. HOL(1).EQ. /1’) GO TO 30
G0 TO 100

1F (LE(L) .EQ. 0) GO TO 40

GO TO 30

L=t

L=0

L=L+1

IF (L 6T. LLY GO TO 1

IF CHECL)¢1:1).EQ./T/) GO TO 150
IF (HE(L)(1:1).EQ.7C7) 6D TO 115
1F CHECL){1:1).EQ. “F’) GO TO 120
IF CHECL)(1:1).EQ. ’R’) GO TO 130
1F (HEC(LY(1:1).EQ.“1’) GO TO 140
J=i1

READ (HE(L)C1:LECL)),112) ARRAY(J)
DECODE (LE(L),112,HECL)) ARRAY(J)
FORMAT (E20.2)

T0 110

CYCLE

READ (HECL+1)¢1:LE(L+1)),132) J1
DECODE (LE(L+1),132,HECL+1)) 41
READ (HECL+2)(1:LE(L+2)),132) J2
DECODE (LE(L+2),132,HE(L+2)) J2
40 =

po 119 K1=1,J1

Do 119 K2=1,42

J=+)

ARRAY(J)=ARRAY(JO - J2 + K2)
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L=L+2
60 T0 110

c FILL

120 DO 125 JJ=J+1,NCOUNT

125

130
c130
132

135

140
c140

145

150

155
160

180

ARRAY (J.1)=ARRAY(J )

J=NCOUNT

G0 T0 150

REPEAT

READ (HECL+1)(1:LE(L+1)),132) J1
DECODE (LE(L+1),132,HECL+1)) J1
FORMAT (120}

READ (HE(L¥2)(1:LE(L+2)),112) T1
DECODE (LE(L+2),112,HE(L+2)) T1

DO 135 Jd=da1, 0401

ARRAY(JJ3=T1

J=34d1

Lats2

60 10 110

INTERPOLATE

READ CHE(L*#1)(1:LE(L#1)),132) 41
DECODE (LE(L+1),132,HECL+1)) J1

READ CHECL#2)(1:LE(L2)),112) ARRAY(J#J1+1)
DECODE (LE(L+2),112,HE(L+2)) ARRAY(J+J1+1)
T1= (ARRAY(J#41+1) - ARRAY(J))/(J1+1)
DO 145 Jd=J+1, 1401

ARRAY(JJ)= ARRAY(JJ-1) + T1

d=d 4141

L=Le2

60 10 110

1F (HOLL .EQ. ' INP') GO TO 155

1F (HOLL .EQ. / [INPB’) GO TO 155

IF (HOLL .EQ. ' S860") GO TO 155
WRITE (NOUT,160) HOLL,J,(ARRAY(I),1=1,4)
IF (J-NCOUNT) 170,180,170

FORMAT (6K, A6, 16/(6E12.5))

CALL ERRO2 ( ' REAG2¢,170,1)

RETURN

END



212

TLIST2.FOR Wednesday, Februery 21, 1990 12:31 pm Page 65
SUBROUTINE RREAG2(HOLL,A,NCOUNT) REAGZ001
CCC  REPLACE ALL FORMAT STATEMENTS WITH * ON A VAX HRA2

30
40

50

55

110

COMMON NSORCE,KINP, NOUT

DIMENSION ARRAY (1), HOL(B0),HE(40),LE(40)
CHARACTER*6 HOLL

CHARACTER*1 HOL

CHARACTER*20 HE

4=0

READ (NINP, 10) (HOL(I),I=1,80)

FORMAT (80A1)

DO 20 L=1,40

LE(L)=0

1#(1.LE.B0) GO TO 50

L=L-1

6o To 100

IF CHOL(I).EQ.’ ') GO TO 60
IF (NOL(I).£Q.7T’) GO TO 55
IF (HOL(I).EQ.’C’) GO TO 55
IF (HOL(I).EQ.'F!) GO TG 55
IF (HOL{I).EQ.7R’) GO TO 55
IF (HOL(I).EQ.717) GO TO 55
LE(L)=LE(L)+1
HECL)CLECL)sLECL))=HOLCTY
GO TO 40

IF (LE(L).GT.0) L=L+1
LE(L)=1

BECL)(1:1)= HOL{I)

IF (HOL(I).EQ.’R‘ .OR. HOL(I}.EQ. ‘I’) GO TO 30
GO T0 100

1F (LE(L) .EQ. 0) GO TO 40
Go TO 30

LL=L

L=0

L=L#+1
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c
112

15
c115
119

120
125

130
c130
132

135

1F (L .GT. LLY GO TO 1

“1F (HE(L){(1:1).EQ./T*) GO TO 150

TF (HE(L)(1:1).EQ.7C7) GO TO 115
1F (HECL)(1:1).EQ. ’F') GO TO 120
IF CHECL)(1:1).EQ. ’R’) GO TO 130
IF (HE(L)(1:1).EQ.717) GO TO 140
Jag+

READ (HE(L)C1:LE(L)),112) A
DECODE (LECL),112,HECLY) A
FORMAT (E20.2)

G0 1O 110

CYCLE

READ CHECL+1)(1:LE(L+1)),132) J1
DECODE (LE(L+1),132,HECL+1)) J1
READ CHECL+2)(1:LE(L+2)),132) J2
DECODE (LE(L+2),132,HE(L+2)) 42
J0=J

00 119 K1=1,J1

00 119 Ke=1,J2

J=a¢1

ARRAY(J)=ARRAY(JO - J2 + X2)
L=Le2

60 To 110

FILL

DO 125 JJ=4+1,NCOUNT

ARRAY (JJI=ARRAY (J)

J=NCOUNT

6o TO 150

REPEAT

READ (HECL+1)(1:LECL+1)),132) 31
DECODE (LE(L+1),132,HE(L+1)) J1
FORMAT (120}

READ (HE(L+2)(1:LECL+2)),112) T1
DECODE (LE(L#2),112,HE(L+2)) T1
DG 135 Ji=d¢1, 4441

ARRAY(JJ)=T1

J=ie1

LaLe2
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140
c140

145

150

155

170
180

20

R

60 10 110

INTERPOLATE

READ (HECL+1)(1:LE(L+1)),132) I3

DECODE (LE(L+1),132,HECL+13) 41

READ CHECL#2)(1:LE(L+2)),112) ARRAY(J+J1+1)
DECODE (LE(L#+2),112,HECL+2)) ARRAY(J+J141)
Ti= (ARRAY(J+J1+1) - ARRAY(J))/(J1+1)
0 145 JJ=J+1,J441

ARRAY(JJ)= ARRAY(JJ-1) + T1

3= 4141

L=Ls2

60 TO 110

IF (HOLL .EQ. ’ INP’) GO TO 155

IF (HOLL .EQ. * INPB’) GO TO 155

I (HOLL .EQ. * $8407) GO TO 155

WRITE (NOUT,160) HOLL,J, (ARRAY(I),1=1,J)
TF (J-NCOUNT) 170,180,170

FORMAT (X, A6, 16/(6E12.5))

CALL ERROZ2 ¢ ' REAG2’,170,1)

RETURN

END

SUBROUTINE REAI2(HOLL, IARRAY,NCOUNT) REA[2001
COMMON NSORCE, NINP, NOUT

DIMENSION IARRAY (1), HOL(80),HE(40),LE(40)
CHARACTER*6 HOLL

CHARACTER*1 HOL

CHARACTER*20 HE

J=0

READ (NINP, 10) (HOL(I), I=1,80)

FORMAT (80A1)

00 20 L=1,40

LECLY=0

IF (HOLCI) .EQ. ‘/') GO TO 45
IF(1.LE.80) GO TO 50
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45 Lel-1

6o TO 100
50 1F (HOLCL).EQ.’ ') GO TO &0

110

c
12

115
c1s

1F (HOLCI).EQ.T*) GO TO 55

IF (HOL(1).EQ.7F’) GO O 55

IF (HOL(I).EQ.’R’) GO TO 55

IF (HOL(1).EQ.’I’) GO TO 55

IF (HOL(1) .EQ. ‘C’) GO TO 55
LE(L)=LECL)+1
HE(L)(LECL):LECL))=HOLCT)

GO T0 40

IF (LECL).GT.0) L=L+1

LECLY=1

HECLY(1:1)= HOLCI)

IF (HOL(1) .EQ. 'C’) GO TO 30

IF (HOL(1).£0./R’ .OR. HOL(I).EQ. I’} GO TO 30
GO 70 100

IF (LECL) .E9. 0) GO TO 40

60 TO 30

L=t

L=0

LaL+]

1F (L .GT. LL) GO TO 1

IF CHE(L)(1:1).EQ.°T*) 6O TO 150
1F CHE(L)(1:1).EQ, C’) 6O TO 115
IF (HE(L)(1:1).EQ. ‘F*) GO TO 120
IF (HE(L)(1:1).EQ. ‘R’ GO TO 130
IF CHE(L)C1:1).EQ./17) 6O T0 140
J=i

READ (HECL)(1:LE(L)),T112) IARRAY(J)
DECODE (LE(L),112,HECL)) IARRAY(J)
FORMAT (120)

60 T0 110

CYCLE

READ (HECL+1)CT:LECL¥1)),112) J1
DECODE (LE(L+1),112,HE(L+1)) J1
READ (HE(L#2)(1:LE(L+2)),112) J2
DECODE (LE(L+2),112,HE(L+2)) J2

215
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119

120
125

130
c130

135

140
c140

145

150

155

0=

0O 119 Ki=1,41

DO 119 K2=1,42

J=d+l

TARRAY (J)=TARRAY(JO - J2 + K2)

L=L+2

Go 70 110

FILL

DO 125 JJ=J+1,NCOUNT
TARRAY(JJ)=IARRAY(J)

J=NCOUNT

60 T0 150

REPEAT

READ (HECL+1)(1:LECL+1)),112) 41
DECODE (LE(L+1), 112, HECL+1) 41

READ (HECL#2)C1:LE(L+2)),112) 11
DECODE (LE(L+2),112,HEC(L+2)) 11

DO 135 Ju=J+1,d41

TARRAY(JJ)=11

FEXINT]

LaL+2

T0 110

INTERPOLATE

READ (HE(L+1)(1:LE(L+1)),112) J1
DECODE (LE(L+1),112,HECL+1)) 41

READ (HE(L+2)(1:LE(L+2)),112) [ARRAY(J+J1+1)
DECOOE (LE(L+2),112,HECL+2)) IARRAY(J+J1+1)
T1= (JARRAY(J+J1+1) = TARRAYCI))/(J1+1)
DO 145 JJ=y+1, 3401

TARRAY(JJ)= JARRAY(JJ-1) + 11

d=g 4141

L=Le2

6o To 110

1F (HOLL.EQ.’ INP’) GO TO 155

IF (HOLL .EQ. ’ INPB’) GO TO 155

IF (HOLL .EQ. ’ $860') GO TO 155
WRITE (NOUT,160) HOLL,J,(IARRAY(I),I=1,J)
1F (J-NCOUNT) 170,180,170
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160
170
180

45

50

FORMAT (6X,A6,16/(1016))

CALL ERROZ ¢’ REAI2/,170,1)
RETURN

END

SUBROUTINE REAR]2(CHOLL ,MIARRAY ,NCOUNT) REAI2001
COMMON NSORCE, NINP, NOUT
DIMENSION MIARRAY (1), HOL(80) HE(40),LE(40)
CHARACTER*6 HOLL

CHARACTER*1 HOL

CHARACTER*20 HE

J=0

READ (NINP, 10) (HOL(I},!1=1,80)
FORMAT (B0A1)

0O 20 L=1,40

LECL)=0

1=0

L=0

LaL+l

1=141

IF (HOL{I) .EQ. ’/7) GO TO 45
1F(1.LE.B0) GO TO 50

Let-1

10 100

IF (HOLCI).EQ.” ¢) 6O TO 60

IF (HOLCT).EQ.'TY) 60 TO 55

IF (HOL(I}.EQ.’F’) GO TO 55

IF (HOL(I).EQ.’R’) GO TO 55

IF (HOL(1).EQ.’I*) GO TO 55

TF (HOL(I) .EQ. ‘C‘) GO TO 55
LECL)=LE(L)+1

HECL)CLECL) :LECL))=HOLCI)

0 40

1F (LE(L).GT.0) L=L+1

LECLY=1

HE(L)(1:1)= HOL(1)

1F (HOL(I) .EQ. 'C') GO TO 30
IF (HOLCI).EQ.'R’ .OR. HOLC!).EQ. ‘I¢) GO TO 30
GO T0 100
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60 1F (LE(L) .EQ. 0) GO TO 40
60 To 30
100 L=l
L=0
110 L=t
IF (L .GT. LL) GO TO 1
IF CHECL)(1:1).EQ./TY) GO TO 150
IF CHECL)C1:1).EQ. “C’) GO TO 115
IF (HECL)C1:1).EQ. ‘F) GO TO 120
IF CHECL)C1:1).EQ. “R’) €O TO 130
1F CHECL){1:1).EQ./17) 60 TO 140
d=d#1
READ (HE{(L)(1:LE(L)),112) MIARRAY(J)
c DECODE (LE(L),112,HECL)) RIARRAY(J)
112 FORMAT (120)
GO T0 110
c CYCLE
115 READ CHE(L+1)(1:LECL+1)),112) 41
C115 DECODE (LECL+1),112,HE(L+1)) J1
READ (HE(L+2)(1:LE(L+2)),112) J2
4 DECODE (LE(L+2),112,HE(L+2)) J2
o=y
DO 119 K1=1,41
00 119 K2=1,42
Jzdl
119 NIARRAY(J)=NIARRAYCJO - J2 + K2)
LaL+2
Go 70 110
c FILL
120 DO 125 JJ=J+1,MCOUNT
125 MIARRAY(JJ)=MIARRAY(J)
4=NCOUNT
60 TO 150
c REPEAT
130 READ (HE(L+1)(1:LE(L+1)),112) 41
C130 DECQDE (LE(L+1),112,HECL+1)) J1
READ (HE(L+2)(1:LE(L+2)),112) 11
c DECODE (LE(L+2),112,HECL+2)) 11

Wednesday, February 21, 1990 12:31 pm
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135

140
€140

14

&

15¢

155
160
170
180

10
20

DO 135 JJ=Je1,d+d1

MIARRAY(4J)=11

J=gea1

L=L+2

GO T0 110

INTERPOLATE

READ (HECL+1)(1:LE(L+1)),112) N1

DECODE (LE(L+1),112,HE(L+1)) 41

READ (HE(L+2)(1:LE(L+2)),112) NIARRAY(J+J1+1)
DECODE (LE(L+2),112,HE(L+2)) MIARRAY(J+J1+1)
1= (MIARRAY(J+J1+1) - MIARRAY(J))/CI1+1)
00 145 JJ=J+1,J+d1

MIARRAY(JJ)= MIARRAY(JJ-1) + 11

d=d 40141

L=L+2

GO 70 110

IF (HOLL.EQ.” INP’) GO TO 155

IF (HOLL .EQ. ’ [INPB') GO TO 155

IF (HOLL .EQ, ’ $860’) GO TO 155

WRITE (NOUT,160) HOLL,J, (MIARRAY(1),1=1,J)
IF (J-NCOUNT) 170,180,170

FORMAT (6X,A6,16/¢1016))

CALL ERROZ ( REAI2',170,1)

RETURN

END

SUBROUTINE S860 (C,CO,JTL,JGM, JMT, JHL,ATW, HOLN, ALAM)
INCLUDE ‘ABC.FOR’

DIMENSION CCJTL,JGM,JNT), COCJTL,JMT), ATWC1), HOLNCJNL,1),ALAMC1)

DIMENSION XSD(50,50),XSR(50,50),XD(50),XR(50) HRAZ

THIS SUBROUTINE READS CROSS SECTIONS, PERFORMS ADJOINT s860 6
REVERSALS IF REQUIRED, AND WRITES CROSS SECTION TAPE s860 7
WRITECNOUT,S) (IDCI), [=1,20) SB60 B
FORMATCH1,20A% ///) s860 9
WRITE (NOUT, 20 ) s860 11
FORMAT (55H CROSS SECTIONS ARE READ-IN FOR THE FOLLOWING MATERIALSS860 12
n s860 13

DO 50 1=1,ML
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30

42

45

50
55

100
10

130
135
140

160
170

LF (MTP) 40,40,30

READ ¢15) (HOLNCI,K),K=1,2), ATH(I)
READC15)  ((CCL,11G,1), L=1,1TL), 11G=1,I1GM)
60 T0 48

READ (NINP,42) (HOLN(I,K),X=1,2)
FORMAT (2A4)

CALL REAGZ (’ SB8607, ATW(I), 1)

DO 45 [1G=1,ICH

CALL REAG2 (¢ $8807,C(1,11G,1), ITL)
CONTINUE

WRITE (NOUT,55) I, (NOLN(1,K),K=1,2)
CONTINUE

FORMAT (13, 6X, 2A4)

CHECK ON CROSS SECTION CONSISTENCY AND ORDER
IF(NCR)  70,70,90

REWIND 15

CONTINUE

DO 160 J=1,ML

DO 140 I=1,[GH

6 = C(2,1,4) + &5,1,9)

DO 110 K = 1, NXCH

KK =1 +K

N=5+K

[F(KK - 16GM) 100, 100, 110

G =G+ CNKK,J)

CONTINUE

XSRCI,J)=G-CCINS, 1,4)
XSDCI,4)=G-CCINT-2,1,0)-CCIHS, 1,0)
IF(CC4,1,4).EQ. 0.0) 6O TO 130
G=ABS((G-C(4,1,4))/C(4,1,4))
LF(G-.0001) 140,130,130
WRITE(NOUT,135) J,1,6

FORMAT (' CHECK MATERIAL /,12, 5X, ' GROUP ‘,12,610.4)

CONTINUE

A02=07/1=FLUX CALCULATION/ADJOINT CALCULATION
IF(AO2) 170, 280, 170
DO 190 11G=1,1GM

Wednesday, February 21, 1990 12:31 pm
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TGBAR=1GM~11G+1 $860 48
DO 180 M=1,ML
DO 180 L = IHT-3,1KS HRAZ 50
TEMP=C(L,11G,M) 51

C(L,11G,M)=C(L, IGBAR M)
180  C(L,IGBAR,M)=TEMP

IF CIGBAR - 116 -1) 200, 200, 190 54
190 CONTINUE 55
200  CONTINUE 56
KK = ITL - [HS 57
IF (KK) 280, 280, 210 58
210 CONTINUE 59
DO 240 M=1,ML

D0 240 116 = 1,IGM
IGBAR = IGM - 116G + 1
DO 240 L = 1,KK
IF (L - 116) 220, 240, 240
220 1 =1L+ 1K
ITENP = 1GBAR + L
IF (116 - ITENP) 230, 230, 240
230 TENP = C(I, 116G, M)
CCI,IIG,M) = C(1,ITEMP,N)
(I, ITEMP, M) = TEMP
240  CONTINUE
c WRITE CROSS SECTION TAPE
280 DO 300 11G=1,IGM
00 295 M=1,MT
IF(N .LE. ML) GO TO 288
DO 284 L=1,ITL
284 CO(L,M)=0.0
GO TO 295
288 CONTINUE
DO 290 L=1,ITL
290  CO(L,M)=C(L,1IG,M)
XR(M)=XSRC11G,M> HRA2
XD(M)=XSO(11G,N) HRA2
295 CONTINUE
WRITE (113 (XR(H),M=1,NT) HRA2

BEEEEEBEEEEEE BEBEEREES
&

1
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300

120
200
1000

WRITE (12) (XD(W),H=1,HT)
DO 88 M=1,NT

CONTINUE

WRITE (NCR1)  CCCOCL,M),L=1,1TL),H=1,HT)
REWIND NCR1

REWIND 11

REWIND 12

RETURN

END

SUBROUTINE SB&2(NO,RF,2ZF)
INCLUDE *ABC.FOR’

DIMENSION NO(1), RF(1), ZF(1)
THIS SUBROUTINE READS THE INPUT FLUXES AND PREPARES A FLUX TAPE
WRITE(NOUT,5)

FORMAT(1H1)

NO7=0/1=NO FLUX INPUT/FLUX FROM TAPE 14
00 1000 116 =1, I6H

IF (MO7 .GT. 0) GO TO 120

00 59 1=1,1M

DO 59 4=1,JM

ITENPZ (J-1)%IN + 1

NOCITENP) = 1.0

GO T0 200

READCH4) (NOCI), 1=1, IMJM)
WRITECNFLUX1) (NDC1), [=1, IMJM)
CONTINUE

REVINO 14

REWIND RFLUX1

RETURN

END

SUBROUTINE $864 (S2)

INCLUDE *ABC.FOR’

DIMENSION S2(1)

222

Page 75

HRA2
HRA2
HRAZ

HRA2
HRA2

s8s2

5862

862

THIS SUBROUTINE READS THE EXTERNAL SOURCE AND PREPARES A SOURCE TAS864
$864

DO 50 116 = 1,1GM
CALL REAG2 (' 507,52, IMJM)

Hvx

~ o e

1%

40
41

32
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210

213

215

225
23

&

430

WRITE (NSORCE) (S2(1), I = 1,IMJM)
CONTINUE

REWIND NSORCE

RETURN

END

SUBROUTINE SB8830

INCLUDE ‘ABC.FOR!

INTEGER*2 I71,172,173,1T4

MONITOR PRINT

CHANGE GETTIM TO CLOCK(171,1T2,IT3) ON A VAX

CALL GETTIM ¢IT1,1T2,173,1T4)

TI = FLOAT (3600*I1T1 + 60*ITZ + 1T3)/60.

KPAGE = KPAGE + 1

IFCKPAGE - 40) 220, 160, 160
KPAGE = 0

WRITE(NOUT, 213)

FORMAT (1H1,” TIME OUTER
1 ELGENVALUE LAMEDA’ )
WRITE(NOUT, 215)

IN. IT.

FORMAT (¢ (MINUTES) ITERATIONS PER LOOP

WRITE(NOUT, 225) 11, PO2, LC, EQ,

PO2=P02+1

Le=0

1F(P02-D05)430, 430,330
nGota = 1

60 T0 630

NGOTO = 4

RETURN

END

SUBROUTINE S8847
INCLUDE #ABC.FOR’

EV, ALA
FORMAT (2X, F6.2, 7X, 14, TX, 14, &X, 3(E14.7))

Wednesday, Februery 21, 1990 12:31 pm

EIGENVALUE

SLOPE'/)

THIS SUBROUTINE PRINTS THE FINAL NEUTRON BALANCE TABLE

E2(IGP) = .0
E3(IGP) = .0
E4(IGP) = .0
E5(16P) = .0

§ BEREEE

BEEE

EEEEBEEEE ¢ &

111

223

Soo~

13
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E6CIGP) = .0 5884
E7CIGP) = .0 834
EBCIGP) = .0 884
E9C16P) = .0 884
0010 1 = 1,16M 5884
E2(16P) = E2(IGP) + EXXI} 884
E3(IGP} = E3(IGP) + E3(I) 884
EG(IGP) = E4(IGP) + E4(IY 5884
ESCIGP) = ESCIGP) + E5(I) sass
E6CIGR) = ESCIGP) + E6(I) 884
E7CIGP) = EP(IGP) + E7(I) 884
EBCIGP) = EB(IGP) + EB(I1) 5884

10 ESCIGR) = E9CIGP) + E(I) 884
WRITE(NOUT,20) 884

20 FORMAT (1H1, 28H FINAL NEUTRON BALANCE TABLE/// 5884
1 ' GROUP FISSION IN-SCAT OUT-SCAT ABSORB /

2, Ll. Ri. Tlo Bl D
D0 30 [ = 1,IGH 5834

25 FORMAT (14,3X, 1P8E9.2)

30 WRITE(NOUT,25) 1,E1(1),E2C1),E3(13,E4C1),E5CI),E6CT) ETCI), 5884
1 e8¢
WRITECNOUT, 353 5884

35 FORMAT (1H ) 884
RS 884
WRITECNOUT, 255 1,E1¢13,E2C1),E3(1),E4C1) ESCI), ESCT) ETCD), 5884
1 E8(D
XKSE1(1)/CEG(1)+E9C1))

WRITECNOUT, 703 XK

70 FORMAT (1HO/5X, ‘NEUTRON MULTIPLICATION CONSTANT = ,F10.6)

RETURN 5884
END 5834
SUBROUTINE S8850(F2,N2,R1,21,R4,26,V7,JIM, JuM, FN2, 885

1 CO,N0,MO,N2, FO, JTL, JNT)
INCLUDE ’ABC.FOR'

224

10

iH
13
14
15

17
18
19

21
22

28

30
3
32
33

DIMENSION F2(JIM,JJM), N2CJIM,JJM), RIC1), 21¢1), R4(1), 24(1), s885
1 FLUX(6), FN2(1), COCJTL,JNT), NOCJIM,SJM), MOCJIN,JIM), S885
2 M2¢1), FOCJIM,JJm) v7¢1) 5885
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883 8%

8850  FINAL PRINT

TCARD = 1

CALL 58830

CALL $8847

IF (NPRT-1) 90,90,15

J=1P

1FCIP-P) 30, 30, 20

J=4P

WRITE (NOUT, 40 3 (1,R1CI),R4(1),21€1),24(¢1),1=1,4)
FORMAT (1H1, 16X, ‘RADII?, 9X, ‘AVG RADIL/, 11X, ‘AX1I’,
116X, ‘AVG AXII'//(14, 4F18.4))

J=att

IFCIP-9P) 50, 90, 70

WRITE (ROUT, 60 ) (1,21(1),Z4(1),1=J,0P)
FORMAT( 14,36X,2F18.4)

60 70 90

WRITE (NOUT, 80 ) CI,R1(1),R4CID,I=J,1P)
FORMAT(14,2F18.4)

CONTINUE

DO 100 1=1, 1M

DO 100 J=1,4M

NOCL,J) = 0.0

F2(1,9) = 0.0

00 220  11G=1, IGH

TF (NPRT .GT.2) WRITE (NOUT, 110) 11G
FORMAT(1H1, 20X, 14HFLUX FOR GROUP,13)

READ (NFLUX1)CCNZ(1,J),[=1,1M),d=1,4)
READCNCRICCCOCIT, 9), 1T = 1, ITL), J = 1, M)
0o 120 1=1, IM

00 120 J=1, N

NOCILJ) = NOCI,J) + NX(L,0)

ITENP = NO(CI, J)

1TEMP = M2(ITENP)

F2(1,d) = F2(1,4) + COCIHT-3, ITEMPY*N2(1,J)*1000.%TsD
IFKNPUN) 210, 210, 205

WRITEC16) ((N2(T,d3,1=1,1M),0=1,JH)

IF (NPRT .GT.2) CALL PRT (IM,JN,N2,24,NOUT)
CONTINUE

225
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HRAZ
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240

250

260

26
270

&

IF (NPRT .LE. 0) GO TO 250

WRITECNOUT, 230 )

FORMAT(1H1/7, 19X, 114 TOTAL FLUX//)

CTALL PRT(IM, JM, NO,Z4,NOUT)

WRITE(NOUT, 240 )

FORMAT(1H1/7, 19X, 26HPOMER DENSITY (MJT/LITER))
CALL PRTCIM,JH,F2,24,NOUT)

CONT INUE

IF(NPUN - 13 270, 260, 260

END FILE 16

WRITE(NOUT,265)

FORMAT(1HO, 50X+ ¥¥wk* FLUXES, ETC. DUMPED TO TAPE whkasr)
REVIND NCR1

REWIND WFLUX1

RETURN

™

SUBROUTINE TCHEK(LGH, JUMP)

INTEGER®Z 1T1,172,1T3,1T4

CC CHANGE GETTIM TO CLOCK(IT!,1T2,1T3) ON A VAX

CALL GETTIM (IT1,I72,173,1T4)

ISEC = 3600*1T1 + 60*172 + IT3
1F(ISEC.GT .60*MAXT ,AND . MAXT .GT.0) JUMP=1
RETURN

END

CCC THIS SUBROUTINE MUST BE USED ON THE VAX

memooog

1

SUBROUTINE CLOCK (IT1,172,173)

INTEGER*2 1T1,172,IT3

1T1=0

112=0

173=0

RETURN

END
SUBROUTINE IFLUXL (N2, €O, VO, CXS, MO, M2, JTL,JIM,JJM, CXR, CXT

XR,XD)
INCLUDE ‘ABC.FOR’

DIMENSION N2(1), COCJTL,1), VOC1),CXSCJIM,JdH,3), MO(1), M2(1),
1

CXRC1), CXTC1)

226
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885 67
s885 68
s885 69
885 71
s885 72
s885 73
$885 82
5885 83
5885 84
s885 86
s885 87
885 88
885 89
TCHE 2
HRAZ
TCHE 6
TCHE 7
HRAZ 2
HRA2
IFLU 4
IFLU S
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DIMENSION XD(50),XR(50) HRAZ
c TH1S SUBROUTINE NORMALIZES FLUXES BEFORE EACH INNER ITERATION IFLU 6
c ABSORPTION AND OUT-SCATTER IFLU 7
E3(16V) = 0.0 IFLU 8
E4CIGY) = 0.0 IFlLU 9
0o 10 1=1, IMJM IFLU 10
TENP = VOCI)*N2(I) I N
ITEMP = MOCT) I 12
ITENP = M2(ITEMP} 1FU 13
E3(IGV) = E3(1GV) + (XDC(ITEMP))*TEMP HRAZ 14
10 E4(1GV) = E4(IGV) + COCINT-2,1TEMP)*TENP HRAZ 15
c LEFT LEAKAGE IFLU 16
IF(BO1) 20, 20, 40 1IFLV 17
20 ES(I6V) = 0.0 IFlL 18
0030 K& =1, JH 1FLU 19
T2k - DYIM+ 1 IFLU 20
30 ESCIGY) = ESCIGY) + CXS(1,KJ,1)*N2(1) TFLU 21
60 TO 50 1LV 22
40 ES¢IGY) = .0 IFW 23
c RIGHT LEAKAGE IFLU 24
50 1F(B02) 60, 60, B0 IFLU 25
60 ESCIGY) = 0.0 IFLU 26
DO 70 KI=1, M 1fLU 27
1 = KJ*IN IFLU 28
70 E6CIGY) = ES(IGV) + CXR(KJ)*N2(1) IFLU 29
G0 TO 90 1FLU 30
80 E6CIGY) = 0.0 IFLU 31
4 TOP LEAKAGE FLU 32
90 1F803-1) 120, 140, 100 IFLU 33
100 ETCIGY) =.0 IR 36
00 110 KI = 1,IM 1FLU 35
1= [WIN - IM + KI IFLU 36
110 E7CIGV) = E7CIGV} + CXS(KI,T,2)*(N2(I) - N2(K1)) IFLU 37
EBCIGY) = - ET(IGV) TFLU 38
60 To 190 IFLU 39
120 E7(1GV) = 0.0 IFLU 40
DO 130 KI =1, IN IFLU &1

1= IMJM - IN + KI IFLU 42



TLIST2.FOR Wednesday, February 21, 1990 12:31 pm
130 E7(I6V) = E7(1GV) + CXT(KI)*N2(1)
0 10 150
140 E7CIGV) = 0.0
€ BOTTOM LEAKAGE
150  [F(B04) 160, 160, 180
160 EB(IGV) = 0.0
0O 170 KI = 1, IM
170 EB(IGV) = ESCIGV) + CXS(KI,1,2)*N2(KI)
50 70 190
180  EB(IGV) = 0.0
190 E9(IGV) = ESCIGV) + E6CIGY) + ETCIGV) + EBCIGV)
RETURN
END
PROGRAM ABC.FOR
COMMON RSORCE
COMMON NINP,NOUT,NCR1,NFLUX1,NSCRAT ,ALA,BO7,
1CNT, CVT, DAY, DELT, EO(51),E1(513,E2(51),E3(51) ,E4(51),ES(SD),
286(51,E7(51),EB(51),E9(51),
3€01,E02,E03,EQ, EVP, EVPP, FEF  GBAR, GLH , IGEP, IGP, IGV, IHS, INT, 11,
4IMJN, 1P, LTENP, [TEWPY, [TEMPZ, ITL, 12P, 4P, KO7,KPAGE, LAP, LAPP, LAR,
5LC, ML, NCON, NGOTO, NPRT , ORFP
COMMON P02, PBAR, SBAR, SK7,706,T7,T11, TENP, TEMP1, TENPZ, TEMP3, TENP4,
7TL,750,V11
COMMON 1D(20) ,MAXT,A02, 104, S02, 1GH, NXCM, KCR  HTP, MO7, D05, 607, 504,
1NPUN, 1GE, IM, JN, [ZM, T, NO1,B01, 802,803,804, 12, 42, EV, EVM, S03, BUCK,
2LAL,LAH, EPS,EPSA,GO6,POD, ORF, SO1, NACT , NFD
COMMON LATW, LNOLN, LALAN,LCO, LNO, LN2, LAD,LA1,LFO,LF2,L10,L11,L12,
1LI3,LK8, LK7,LMO, LW2, LRO, LR1,LRZ,LR3, LR4,LR5, LS2,LV0,LV7,L20,L21,
2122,123,L24,L25,LCXS, LVOL ,LMASS, LMATN, LNBR, LLD, LLCN,LLFN, LPHIS,
€ 3LAXS,LFXS,LMASSP,LCXR,LCXT,LHA,LPA,LT6,LT8, Lntwon, bigr

3LAXS, LFXS, LMASSP, LCXR, LCXT, LHA, LPA, Lact, Lacpos, bigr
INTEGER A02,B01,802,B03,B04,807, CNT, CVT, D05, 607, P02, 802,504,706,
1R2,22,6LH
REAL 12,13,K6,K7,LAH, LAL,LAP,LAPP, LAR, NO, N2, HASS  MASSP
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