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ABSTRACT

POW is a 'workhorse' module of the AUS system and is used mainly for the
following applications:
(1) 2 region resonance théory data preparation from presently available
fast reactor 26- or 16-group libraries,
(2) 0, 1 and 2D diffusion calculations - eigenvalue or criticality search,
source or feedback-free kinetics calculaticns, and
(3) perturbation calculations.
Main features of the code include the following:
(1) it will run under the site AUS system or stand alone {(on an IBM360/50),
(2) the code uses SLOR for inner iterations with region rebalance toc en-

hance convergence, Gauss-Seidel for upscatter iterations with group



(3)
(4)

rebalance to enhance convergence, Chebyshev source extrapolation for
outexr iterations and a delayed neutron integrated Crank-Nicholsocn

method for kinetics problems,
free format style of input is used throughout, and
output options include 1 and 2D flux or reaction rate plots {(on a

CALCOMP plotter).
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1. INTRODUCTION

Vital to any reactor neutronics calculation scheme is a versatile, fast and
accurate multidimensional, multigroup neutron diffusion code. On our site
IBM360/50 computer we have mainly used CRAM (Hassitt 1962, rewritten in FORTRAN
originally for the IBM7040) and GOG (Hopkins and Oakes 1968, scmewhat rewritten
for the IBM360/50) over the past few years, although a host of other similar
codes exist, some of which are not readily made available. Growing out of the
use of the site versions of CRAM and GOG were a satisfaction with the versatility
of CRAM (but not the speed) and a satisfaction with the speed of GOG (but not
the versatility). In addition, obvious shortcomings of both were revealed for
some calculations. With the advent of the site AUS modular scheme (Appendix A)

a versatile, fast and accurate 2D, multigroup diffusion code was required as
the 'workhorse' module and POW was conceived.

POW was a breakaway from the earlier codes in some aspects. One essential
difference is that POW makes a better estimate of leakage throughout the reactor
compared with the other codes as it uses an edge flux scheme (Wachspress 1966).
Other important differences include the ability of POW to obtain extrapolation
parameters for successive line over relaxation (SLOR) and Chebyshev extrapolation
from detailed analysis of flux calculated using preoptimum estimates of the para-
meters. In addition both group and region rebalance are carried out to enhance
convergence. (Some admittedly non-typical calculations have been speeded up by
a factor of 10 since inclusion of these rebalance features.) A brief sketch of
the numerical methods is given in Section 3 (and a more detailed presentation is
given by Pollard 1973). From the user's point of view, ease of use is extremely
important and the DTAV free input routine (Appendix D) helps here considerably.

In addition to the flux calculation requirements for 0, 1 and 2D studies,
POW can prepare its own 2-region (equivalent) resonance shielded cross sections
from AUS datapools (libraries) - Appendix A. Presently cross sections may be
obtained from one of the fast reactor resonance tabular libraries, the 26-group
ABBN data (Bondarenko 1964 - Appendix B} or the lé-group Hansen-—Roach data
(1961 - Appendix C), as well as from an already shielded library possibly pre-
pared from the intermediate and thermal reactor resonance parameter, 127-group
GYMEA data (Pollard and Robinson 1969).

The code has reasonably general editing facilities, including a perturbation
option. 1In addition 1 and 2D plots of flux or reaction rate may be produced on
a CALCOMP plotter.

Finally POW can be used for multidimensional kinetic studies for systems
perturbed from the steady state with a prescribed pulsed (feedback~-free)
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variation of some, usuwally physical, parameter, for example the concentration
of a reactor material, (The desirability of including feedback in a later
version of the code is being considered.)

The source language of POW is mainly FORTRAN IV for the IBM360/50. The
programme, which can run alone as well as under the AUS system, occupies less
than 360,000 bytes of core storage and uses several disks for intermediate out-
put. At the time of writing this report, the basic parts of the.code have been
thoroughly tested and have been running for well over 6 months .

2, THE MULTIGROUP NEUTRON DIFFUSION Egg@TION

The general form of the multigroup neutron diffusion equations solved by
POW at each mesh point for the flux in a box about each point may be simply
obtained from a detailed analysis of neutron events (Stacey 1969). The ultimate
method used to solve the equation is a finite difference method generating a

numerical solution at the intersection of a selected mesh as illustrated =

y or z mesgh

%
4( <:%g box about a typical

14222222 mesh point @

X or r mesh

We therefore cast the neutron diffusion equations into the form ultimately

required, namely

og
- ‘];_ ..é.EE. av = - f V.Dn Vg av + ¢ g de
g box box 9 g g box remg

T o av + 1-B) & v g av +
2g'ﬂg',/l-:)ox ot + g 2V * Ypg (8 I8, fbox_f g

ig li Ci + Sg f ., 9=1,2, ... , NG

+

X
i

and in addition we have the precursor concentration equations for delayed neutren

groups



2—?—' = B, E'ﬁg,f Y-Ufg' av - )\ici ri=1, 2, ..., IGD,

g boxk
where

k ig the effective steady state multiplication,

Sg(g,t) is the energy group g external source in each box,

ng is the prompt fission spectrum (normalised to unit sum),

Xig is the delayed fission spectrum (normaliseﬁ to unit sum), for
delayed group i yielding fraction Bi of total emissions,
B(=E B;) of which are delayed,

G(E,t) denotes various (macroscopic) cross sections,

Dn,g(f't) denotes possibly directional diffusion coefficients (for direc-
tion n or -n parallel to the chosen axes),

vg denotes group g average velocity,

Ci(f't) is the box total concentration of precursor, with decay half life
Ai, of delayed group i,

ﬂg(f,t) is the group g flux in each box required to be calculated,

x denotes the coordinates of a typical mesh point (or a point in
the box),

t is the time

and sums are taken over all groups (1, 2, ... , NG for energy groups and 1, 2,

«++ » IGD for delayed groups). The equations are to be solved for ﬂg subject to:

(i)

or

(ii)

the outer houndary conditions -

(a)

(b)

reflective (zero current)

9
5?15' = 0 for each group g,

where n = outward normal,

reactor (zero flux on extrapolated boundary)

o8 P
2 =
Dy.q §EE'+ = 0 for each group g,

where d = extrapolation distance in equivalent transport mean

free paths (usuvally 0.71 is used);

the internal boundary conditions for boundaries separating different

materials say L and R -

{a)

continuity of flux

g | - I = 0 for each group g,
gl, Talg



and (b) continuity of current

n.(Dn

v - D v y = 0 for each group g
ol = Parg ], :

r

where n = boundary normal;

(iii) the initial conditions -

(a) steady state

ag ac

i
5%2' = 0, prali 0, sg = 0, t < 0 for all groups,
g):"‘/- fofg, ﬂg' av =P,
reactor t=0

where £ = fission energy release,
P

specified power,
which requires POW to solve an eigenvalue probklem (Section 5) for
either k
or A multiplying a physical parameter {perhaps the concen-
tration of a reactor material) to give

k=1

and in either case for out kinetics study we must retain the
steady state value of k in our eguations in order that any time
dependent variation is purely attributable to a variation from
the steady state,

or (k) shut down

= = = g
ﬂg 0, Ci 0, Sg 0, t 0 for all groups.

The numerical methods used to solve the equations are briefly outlined in
the next Section.

3. NUMERICAL METHODS IN OUTLINE

In this Section we will only attempt to provide a brief outline of the
numerical methods used by POW which are detailed elzewhere (Pollard 1973).
Central to our time dependent considerations over a small time step from

tp-l to tp, is that we may approximate integrals of the general type

t

p
f £(t) ¢ (r,t)f o (r',t)dv (with f(t) = a given function of time)
t g~ box I~
p-1

using the assumptions

{i) that the flux ﬂg varies linearly with time
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t -t t-t
-~ -1 3 — —
ﬁg(g.t) x (—gt—) ﬂg(g.tp_l) + (_SE_) ﬁg(g,tp) (withét = tp tpwl)

and (ii) that the cross section Gg is congtant with time

g (x',t) =0 (' t
g8 =0 (', B),

where t is an average time.for the step (not necessarily the mean).
We incorporate the assumptions into an elit weighted form of precursor concen-
tration eguation and a directly integrated form of diffusion equation (Stacey
1269)., After some elimination we obtain an equation for the flux at time tP in
terms of the flux and precursor concentrations at time tp-l‘ In ordexr to
eliminate the —V.Dn'gV operator we resort to a finite difference method which
embodies the required internal boundary conditions (Wachspress 1966). We may
then write our equations in a formal way (thereby covering up a multitude of
detail)

t
{(L+A+a -R- %) gp) = -(L+A-~-a~-R~ -i—-ﬂ(p—l) + DC(p-1) + S(p,p~-1),

where
g(p) is a vector of unknown flux elements (involving space points as
well as energy groups) at time tp,
Z(p-1) is a vector of known flux elements at time tp-l'
C(p-1) is a vector of known precursor concentrations (involving space
points as well as delayed groups) at time tp-l'
S(p,p-l) is a vector of time integrated external source elements,
k is the steady state multiplication

and the remaining quantities are matrices derived from the indicated terms:

L ~r ""./. V.Dn V dV,
box r9

A~ f S emg AV
box el

f 2/(v_6t)av,

box g

R ~ f g, dv,

box 29 g

X (GtJ vo . ,dv,
9 box fg

o
?

]
H



F' ~ {1 Vo tav
Xg( )fbox fg '

D ~xg"(6t),

with xg(ét), xg'(Gt) and xg"(ét) being obtained from the fission spectra and
delayed neutron data.
In words the method used to calculate @{p} consists of the following steps:
(i} group rebalance (to balance neutron events for all groups),
(ii) region rebalance (to balance neutron events for the plane) for 1 group,
(iii) successive line over relaxation (SLOR) inner iterations for solution
of 1 group for the entire plane, and
{iv) Gauss-Siedel upscattering and fission iteration for all groups and all
space points,
which is the same approach as is used for a (steady state) source calculation.
However, for a steady state eigenvalue calculation (with perhaps k to be
obtained as eigenvalue) step (iv) is replaced by
(iv) Gauss-Siedel upscattering iteration (fission is not included here),
and
(v} Chebyshev extrapolated outer iteration fission source calculation.,
The brevity of the above leaves much to be desired. Even so, knowledge of the
gross details is unnecessary to run a calculation.
4, THE CODE POW

Experience of the author over many years with neutronic codes suggests that
no amount of good theory, no matter how good, is encugh in a code - it must also
be embedded in good coding. This experience is particularly relevant when the
code is to be run on a not-so-fast computer such as the site IBM360/50. The
author has therefore aimed to achieve a reasonable balance between ease of
coding and speed of resulting programme. A compromise was necessary with POW
however as its flexibility has tended to make ease of coding a more important
consideration than it would have been for a less flexible code. Most of the
routines compile with the FORTH compiler, opt=2 which produces reasonable object
coding. The most important routine as far as computer time is concerned is
the inner loop SLOR scheme for the (x,y) or (r,z) plane and this routine has
been written in Assembler.

From the user's point of view perhaps a more important consideration to
the above observations, provided the code does the job, is the ease with which
the code may be used. A new type of free input routine (DTAV, Appendix.D) was
therefore written for the job. 1In addition, easy to follow output is produced



by POW.
The entire programme (using the standard COMMON of 40,000 words - Section
5.5) with the help of numerocus overlays fits into less than 360,000 bytes of
core storage. Many disk data sets are also involved for both regular and
temporary input/output, but these need not reside on more than a few disk drives,
Typical jobs (if these exist) usually take about the following CPU times
on the IBM360/50:
0&1D steady state calculations - a few minutes these run in the day
2D steady state calculations - about 15 minutes }queue on site,
2D fissile source calculations - about 30 minutes,
2D kinetics calculations - a few hours,
although a factor 4 (or thereabouts) increase or decrease is possible with a
range of jobs. Jobs other than OD kinetics tend to be CPU bound and so if the
jobs were run alone on the machine, rather than in competition with other jobs
run under the HASP operating system, the actual times would not be much
different. (It is interesting that the same job run under HASP on different
occassions may vary in CPU time by as much as 10 per cent. This is attributed
to POW being CPU bound with competing jobs stealing machine cycles for input/
cutput.)
5. POW STEADY STATE DATA
5.1 Introduction

In Section 2 we were introduced to the equations solved by POW. Here we
detail all of the data needed to carry out a steady state calculation. This
calculation may well be carried out (i) as the first stage of a kinetics study
or may simply be carried out (ii) as part of routine reactor assessment. The
general (REAL) steady state equation solved by POW at each mesh point for the

flux in a box about each point may be written as

-f V.b V;‘a‘dv+¢f o av
n,g g 9 Ypox reMd

box
v
=k ;a,f g, .. 4dv + ¥ Z f —c dv+s,g=1,2,...,NG,
g' 9 “pox 5979 g g pox ¥ T g
where
k iz the effective multiplication (=1 for SOURCE problems),
Sg(r) is the group g external source in each box (=0 for EIGENValue
problems),
X is the group fission spectrum (normalised to unit sum)



r xpg(l-B) + ; Xig B, the equilibrium spectrum for (i),

with ng the prompt spectrum and Xig the
delayed fission spectrum for delayed

T group i yielding fraction Bi of total
emissions, B(= E(Bin of which are delayed;

ng the (normal) prompt spectrum for (ii),

L_

o(r) denotes various (macroscopic) cross sections,

D (x) denotes possibly directional diffusion coefficients (for direction

n,g ~
n or -n parallel to the chosen axes),

ﬂg(r) is the group g flux in each box required to be calculated,
r denotes the coordinates of a typical mesh point (or a point in
the box)

and sums are taken over all groups (1, 2, ..., NG for energy groups and 1, 2,
..., IGD for delayed groups). The equations are to be sclved for ﬁg subject to
specified outer bhoundary conditions

(a) reflective (zero current)

op

531 = 0 for each group g,

where n = outward normal,
or {b) reactor (zero flux on extrapolated boundary)

g P

Dn,g 5 34 0 for each group g,

where 4 = extrapolation distance in equivalent transport mean free
path (usually 0.71 is used).
(The adjoint steady state equation for adjoint flux ﬂ; is similarly

-f V.o Vg* av+ g" o av
box ™9 9 9 Jpox TSM9
A% *
= I *f o av + L * f =0, av + S =1,2,...,NG
g' Py box 5979 g Xgr Pgr pox ¥ 19 A

with corresponding boundary conditions,)

The usual calculation undertaken with POW is for EIGENValue problems. For
this situation we may (a) calculate k as the eigenvalue of the homogeneous
{external source free) equation or we may {(b) SEARCH for an eigenvalue, 7Y,
usually multiplying some physical quantity (for example mesh spacing), such that

we achieve

k= kreqd' usually 1,
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and Qg {normalised to a total fission source of unity) is then the corresponding
eigenvector (for the REAL case).

Basically data required to run POW can be broken down intoc 4 main parts:

(1) IBMBGO job control language, JCL,

(2) occasionally required user supplied additional routines coded in

FORTRAN,

(3) AUS system control language, AUSYS, and

(4) POW data proper.

Very few applications of POW require other than standard use of (1) and (2) as
introduced in Section 5.6. Specialised use of (1) and (2) will not be dealt with
further. Data for (3) however, is slightly expanded in Appendix A. The remain-
der of this Section will be essentially devoted to introducing data required

for different types of applications. The presentation is along the lines of
description of functional data blocks under headings such as 'card group data’
(Section 5.8). An entire run consists of the user logically combining the
functional data blocks for his particular application.

We start the main presentation with all the data required of a sample run
(Section 5.3) for user familiarisation. Before we do however, we introcduce the
free format style for all of POW's input.

5.2 Summary of Free Style (DTAV) Input to POW

Input data required by POW is punched in free FORMAT style with keywords
indicating the data type, e.g.

sp 0.8 0.2 0. O,
designates data for the fission spectrum (SP). The data is read using the set
of subroutines DTAV (Appendix D) which incorporates the subroutine SCAN
(Bennett and Pollard 1967). The main features of DTAV and SCAN relevant to

running POW are summarised below.



DATA FEATURES

Card colums

Keywords

Modes

Extents of Data

Repeat, repeats*no.

Increment, from (incr.) to

Readability

Comments

10.

COMMENTS

Normally 1 to 72 and each data card is listed
when read although ®OPT 1,72,0 § in the data
turns off the listing option.

Normal FORTRAN variable names except that up to
8 characters are permitted and zero is never
used, e.g. the last character in ACCFO is the
letter O.

Numeric data may be punched in any mode, e.q.
1,1.,1.-31.E-331,D-3=10 °

and alphanumeric data consists of FORTRAN
variable type names which are not keywords.
Different keywords require different extents of
data to trail them, e.g. for a 4-group problem
the fission gpectrum, SP, would require 4
members to follow.

To save punching we may use, say,

4*0.20. 0. 0. O.

To save punching we may use say,

1(2)721 35 7

Additional special characters may be interspersed
throughout the data, e.q. '
SP=0.8,0.2,2%0 and

M(l) 0.07=M 1 0.07

A card punched with an * in column 1 is treated

as a comment card and is not scanned for data.
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5.3 A Sample Run (MOATA)

MOATA is an enriched uranium light water moderated reactor of Argonaut
type used in thermal reactor studies on site. Harrington (1972, unpublished)
has undertaken detailed AUS calculations on MOATA as support to an invegtigation
of Connolly (1972, unpublished). A sample run given here is based on data
generated under AUS (using our thermal library and module GYMEA, Pollard and
Robinson, 1969) for these calculations.

A quarter XY plan of homogenised regions of MOATA is sketched below. All

dimensions are in millimetres (although POW uses centimetres).

'y

on extrapolated boundary (actual + 0.71 Atr)

C
298.4
a¢=0 \ AL $=0
o |
6. 306
253.2
x
«228.6 — 1148.47U--——_500 —
\\6.35
3¢=0
dn

MOATA REACTOR PLAN

Input data for the calculation follows. Output of a slightly extended
varsion of the run is given in Appendix E.
//JPPMOATA JOB {P1B0O0930,N1) ,J.P.POLLARD, i
// CLASS=J,TIME=10 JCL
/7 EXEC AUS
//GO.SYSIN DD * Y
*DD1
STEP POW AUSYS
*DD2 v
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PRELUDE MAXX=23,MAXY=17,MAXG=4,MAXM=3 END T -POW - array sizes
l different than
l default
POW MOATA  (X,Y) CALCULATION, GYMEA DATA 0 Descriptive data
* NORMALLY AUS DISK GROUP DATA WOULD BE USED ! comment
NG=4 ‘e +» number of T
groups

XSD FUEL M(1)

data, FUEL

1.54481~1 3,6863-1 9.02355-1 2.00955 ere Op

9.41612-2 6.02354-2 6.81026-1 1.12777-1 ... 0 _ (abs+scat)
3.73274-4 3.30167-3 3.96448-2 9.77554-2 ... VO

0.0 9.37282~2 2*%0.0 cos O ot 1+
2%0.0 4.88109-2 8.75701-3 vve Ogcat 2+

0.0 5,09412-3 0,0 6.48822-1 Cocat 3>

0.0 1.66342-7 4.77318=2 0.0 Ogcat 4+

XSD AL M(2)

1.16556-1 1.05169%9-1 9.05011-2 9,34386-2
1.64155-2 1.20851-3 1.84524-2 1.34341-2
4*0.0

0.0 1.6132-2 2*0.0

2*0.0 5.06778-4 0.0

cross section

Group data - simi-

lar to CRAM (Hassitt

1962) ;

example data is

in this

macroscopic (cm ')

0.0 5.36885~4 0.0 1.28382-2

2*%0,0 1,27736~3 0.0

XSD C M(3)

1.49824-1 3.44423-1 3,74146-1 3,63541-1
2.24931-2 4,23208-3 9,82699-2 8,3279-3
4*0.0

0.0 2.24898-2 2*%0.0

2%0,0 4,22309-3 4.23284-8

0.0 1.58544-3 0.0 9.65788~2

2*0,0 8.07923-3 0.0

SP 7.53564~1 2.46436~1 2*0.0

BSQ(0) 1,2,3 1,2,3 3*0.00184
XM=0,5*4.572,0.635,5%2,.968,0.635,10*5,0.71
YM=0,5%5.064,0,636,10%2,984,0.71

REG MX=1(1)22 My=1(1}1l6e M(3)

REG MX=6(1)12 MY=1(1)6 M(2)

REG MX=7(1)11 M¥=1(1)5 M({1)

L
<

Axial BZ=0.00184

Geometry data -

region definitions

B e e ol e e

overlay each other
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START

GROUPS 4 1,1{(1)4
MREG 1,2,3,-1=1,2,3
EDIT 1,1 3

Start calculation

Edit requirement

e > e — >

STOP Stop run
*

/ JCL

/7

5.4 The Functional Data Blocks in Brief

In the sample run of the previous Section we were introduced to the data
of POW. Here we briefly look at the functional blocks required to be put
together to carry out a steady state calculation. In subsequent Sections we
detail the functional blocks one by one. B2as a further guide the user is
reminded that an index is provided (Section 10).

The functional blocks consist of the following-essentially entered in the
indicated order to set up data for the actual flux calculation identified
thus***

(5.5) Control languages - JCL, additional FORTRAN coding and AUSYS,

{(5.6) PRELUDE data - to set érray sizes for each job of a complete run,

{5.7) Descriptive data - POW job name and heading,

(5.8) Card group data - basic cross section data either microscopic or
macroscopic (and kinetics data),

(5.9) Library group data - perhaps from one of the rescnance shielded
cross section libraries available with the AUS scheme (presently
26~group Russian ABBN library, Appendix B; l6-group Hansen-Roach
library, Appendix C),

(5.10) P,(n#0) data - Legendre polynomial weighted scattering data for use
by other AUS modules,

{5.11) Cross section modification - changes of selected cross sections,

(5.12) Mixing rules - data for mixing cross sections,

(5.13) DB? leakage - data for setting up approximate leakage,

(5.14) Poison absorption - data for setting up poisoning of absorption
cross sections,

(5.15) Gecmetry data - specification of geometry, mesh spacing, boundary
conditions and region layout,

(5.16) Calculation type ~ real or adjoint flux; eigenvalue, source (or
kinetics problem),

(5.17) Criticality search data - code adjustment of data to achieve

criticality,



{5.18)
(5.19)
(5.20)
(5.21)
(5.22)
*** (5,23)
(5.24)

(5.25)

(5.26)
(5.27)

(5.28)

14.

Fixed source specification - data for source calculation,

Trial flux specification - normally not required,

Calculation strategy specification -~ normally not reguired,
Calculation termination data - accuracy and machine time limits,
Output requirement specification - to set content of output,
Calculation START - may use a f£lux dump (RESTART},

Region EDIT - print and disk (card or AUS) output for regiocns of
materials,

Perturbation EDIT - for small data changes using real and adjoint
flux,

Point EDIT - print and plotted edit for reactions about a point,
Possible user written subroutines - for edit before, during or
after a flux condition, and

Termination data - END and STOP.

5.5 Control Language

POW may be run on the site IBM360/50 computer using the stand alone

catalogue procedure POW or under the AUS scheme called in with the AUS catalogue

procedure.

For standardisation, and ease of use, the POW catalogue procedure

is only used to generate a temporary load module when user supplied routines

are to be added. All running is then carried out under AUS.

Below we tabulate the site wversion of contrel language cards required for

most runs.
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User Requiring Additional
Normal Code User Either User Routines

//XXX JOB NAME,
7/ CLASS=J,TIME=15 // CLASS=K,TIME=30,REGION=480K
...for large core runs only..
If plotting required ... // EXEC BUFFPROG,PRG=AEPLOT
// EXEC POW,POW='&&POW',GO=0

//FORT.SYSIN DD *

SUBROUTINE CMSIZE (IC)
C FOR A USER REQUIRING MORE

JCL: data FORTRAN ~C CORE THAN MOST JOBS

C SETS THE CORE SIZE
CCMMON C (60000)
C LC=LENGTH CF COMMON

C STANDARD VALUE LC=40000

LC=60000
RETURN
END
/*
// EXEC AUS // EXEC AUS,POW='&&POW!'
Or if a flux dump data set is required ...
// EXEC AUS,... N // EXEC AUS,POW='&&POW',...
where «++ is FL1='AUS.,JPPOWFLX',DISPFL1=0LD or the users equivalent
' //GO.SYSIN DD *
* *DD1
AUSYS data ) STEP POW
+ *DD2
D PRELUDE ...

POW data to be described in the next Sections
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5.6 PRELUDE Dbata

PRELUDE data must be given first as the data specifies the sizes of
variable dimensional arrays used by POW. The user must supply data between the
keywords
PRELUDE END
to set array sizes that are different from default values indicated in the
accompanying table. (Should all the default values be satisfactory, then the
data
PRELUDE END
suffices.) A normal POW run would require only one assignment of storage and
we would supply the data,

PRELUDE data to be described END

remainder of data for a job

STOP  (as the terminal card),

however, we change the storage assignment for independent calculations thus
gRELUDE e END {of preluds)

END (of data associated with preceeding prelude)

PRELUDE data different than standard prelude END

END or STOP

. The following table details the basic array sizes. (Other sizes are
computed from the basic ones.) The data may be given one word per card as
illustrated in the table or may be compacted to fit into as few as possible
cards, e.q.

PRELUDE MAXX=23,MAXY=17,MA¥G=4,MAXM=3 END
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PRELUDE Standard DescriEtion
MAXX=25 80 Maximum number of x (or r) mesh points «~ note that the

flux is calculated at a mesh point, not in the centre
of a mesh cell (MAXX must then be at least 1 plus the

number of mesh intervals)

MAXY=27 1 Maximum number of y (or z) mesh points

MAXG=4 26 Maximum number of groups

MAXS=1 3 Maximura number of additional reactions - Section 5.6,2
=5 15 Maximumt number of materials
=] 0 Maximum number of fixed source or adjoint flux arrays

(FSCE) (1 is required for a fixed source problem, for
a kinetics problem, or for an adjoint flux problem
when the real flux array (FLX) and adjoint flux array
are both required for EDIT)

MAXW=0 200 Maximum length of working array WSEA used with SEARCH -
Section 5.17

MAXN=10 50 Maximum length of MREG array with EDIT - Section 5.24

MAXC=4 o} Maximum number of groups of coefficient matrix to be

held in core

- if 0 then the matrix will remain in core if space is
available, otherwise supplementary disk storage will be
used

- if MAXG then the code will only run if all the data
will fit in core

- if 1 then the use of supplementary digsk storage is
forced (MAXG#1)

MIST=30 28 Maximum length of LIST used with printer dump
(OUTPUT PDUMP - Section 5.,22)

MAXGDh=6 0 Maximum number of delayed neutron groups

MAXP=100 50 Maximum data storage associated with description of

kinetic PULSEs - Section 6.5.1
PRINT - Causes the printing of actual array sizes used based
on the specified PRELUDE data
END - Terminating word of PRELUDE data
Note: In addition to specifying the above sizes all other common data is

set to default values, mostly zero.
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The number of 4-byte core storage words required by the programme at the
time of writing this report, LCR, is then given very approximately by the
expression
LCR=MAXX*MAXY* (2*max [MAXG* (1+MAXF) , MAXG+MAXGD-3]

+5*MAXC'+9)
+MAXM*MAXG* (MAXG+MAXS+13)
+4000 (which includes some allowance for terms not appearing as products)
where MAXC' is the actual value used for MAXC (1 or MAXG}.

As a rough guide, the above formula suggests the use of standard COMMON
{LC-40000~Section 5.5) should enable the following calculations to be under-
taken - unspecified data being given by the standard PRELUDE default values
{Section 5.6):

MAXGD=0 MAXGD=0 MAXF=1
MAXM=5 ) MAXM=15 MAXM=15
MAXF=0 MAXF=1 MAXF=0 MAXF=1 MAXGD=1 MAXGD=6
MAXG MAXX*MAXY MAXX*MAXY MAXX*MAXY
1 2000 2000 2000 2000 2000 1600
2 2000 1600 2000 1600 1600 1400
4 lec0 1100 1500 1100 1100 1100
8 1100 700 1000 700 700 700
16 700 400 600 350 350 350
26 400 250 300 160 160 160
36 300 150 920 50 50 50
50 170 90 - - - -
69 40 20 - - - -

5.7 Descriptive Data

Descriptive data is given on one card as follows:

Egﬂ JOBNAME HEADING

whexre  JOBNAME is any descriptive job name which needs to be unique to a
job when a flux dump is required (OUTPUT FLUX and RESTART,
Section 5.23)

and HEADING (of no more than 52 characters) is any suitable heading to
be used in labelling output.

The data, although normally given as the second functional block, may appear

anywhere in a job.

5.8 Card Group Data

Card group data consists of the following:

(1) NG, the number of energy groups (logically first for this block};
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multigroup data for individual materials,
{2) XsD, the cross section data (either microscopic, barns, or macro-
scopic, cm 1),
{(3) DCX(m) and DCY¥(m), the x and y directional diffusion coefficients
(default values if data not supplied l/30tr));
nultigroup data common to all materials,
(4) SP,ng, the prompt fission spectrum;
' along with data which need only be given for kinetics calculations,
{5) VEL,vg, the group velocities (cm sec !),
(6} FER, the fission energy release for all materials (joules/fission),
(7) 1IGD, the number of delayed neutron groups,
(8) BETAD, Bi' the delayed neutron fractions per emitted neutron,
{9) DLAMDA, Ai' the decay constants for the precursors {(sec '), and
(10) sp(i), Xig' the delayed neutron fission spectrunm.
The data may be read from the normal input stream (unit 1) or we may
temporarily switch to

READ CARD LIB ON unit (usually 7), 1 and no more data on card.

(The data on 'unit' is terminated on end of file and need not only consist of
cross section data. The second number may be O for deletion of print option.)
We will introduce each item in turn.

5.8.1 NG, number of energy groups

The number of groups, NG, is simply set with the data
NG = number of groups, e.g. NG=4
Data to feollow must be consistent with the value specified here.

5.8.2 X85D, cross section data

The cross section data, either microscopic, barns, or macroscopic, cm 1,
XsD, is entered thus ...
XSD material name M (material number)
then data in CRAM layout (Hassitt 1962)

(0tr g’ g=1,2,...,NG) . .» transport

r

(crem g’ g=1,2,...,NG) «++ removal (absorption + scattering)
[

(vof g’ g=1,2,...,NG) ... fission emigsion
r

((Uscat,g'+g' g=1,2,...,NG), g'=1,2,,...,NG) ... scattering given as outscatters
from each group

followed by optionally as many as MAXS additional feaction cross sections

(

(

Url,g' ¢=1,2,...,NG) «++ Yeaction 1

Ur2,g' g=1,2,...,NG) ..» reaction 2
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Notes:
{1) ctr,g' g=1,2,...,NG must be non-zero.
{2) cscat,g+g' g=1,2,...,NG, the self scatter entries of the scattering

matrix, are set to zerc by POW.
{3} The additiocnal reaction cross sections may be for any reactions
required by the user for EDIT purposes (Section 5,26). However, the
AUS scheme requires the reactions to be
reaction 1 = op' the potential scattering cross section (for inclusion

of card data in resonance theory calculatiocns),

reaction 2 otot' the total cross section,
reaction 3 = Gf, the fission cross section,
etc, (Appendix A},
As an example of the data we may have
NG=4
XSD FUEL M(1)
1,54481~1 3,6863~-1 9,02355-1 2,00955
9,41612-2 6.02354-2 6,81026-]1 1.12777~1
3,73274-4 3,30167-3 3,96448-2 9,77554~2
0.0 9.37282-2 2*(0.0
2*0,0 4,88109-2 8,75701-3
0.0 5,09412-3 0.0 6.48822-]1
0.0 1.66342-7 4,77318-2 0.0
Mixing of materials, or conversion of microscopic data to macroscopic data,
may be %arried out subseguent to this primary input using the DEFN feature

described in Section 5.12.

5.8.3 DCX{m) and DCY(m), directional diffusion coefficients

In the absence of user specification of directional diffusion coefficients
the code takes the coefficients to be isotropic and given by

DCX () = DCY(m)=1/(3 Utr,g)' g=1,2,...,NG,
where DCX{m} denotes the x~direction diffusion coefficients for material m

given a group at a time, with a similar meaning for DCY(m}. The user may,

however, specify anisotropic values
DCX (m} (Dx g’ g=1,2,...,NG), the x~-directional diffusior coefficients,
r

bCY(m) = (Dy,g' g=1l,2,...,NG), the y-directional diffusion coefficients,
for example
DCX(1) = 2.19, 0.9, 0.36, 0.16

Almost equivalently we may supply the data for r-z (cylinder) geometry

DCR{m)} = (Dr g’ g=1,2,...,NG), the r-directional diffusion coefficients (=DCX(m}),

r
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DCZ(m) = (Dz g’ g=1,2,...,NG), the z-directional diffusion coefficients (=DCY(m})
f
- the only difference compared with the earlier data is that when DCZ is used

the code also stores a transport cross section consistent with DCZ, namely

= 1/(3Dz } .

(o]
tr,g 19

Note: When using x-y (plane) geometry we may have 3 different directional
diffusion coefficients for each material
(1) Dx,g
(2) Dy,g
(3) 1/(3 Utr,q) which is used in a DB? type approximation for
leakage in the z-direction {Section 5.13)

5.8.4 SP, prompt fission spectrum

The prompt fission spectrum, xpg' taken to be the same for all materials,
is supplied as
SP followed by NG numbers of the group integrated fission spectrum ng’ which
is later normalised by the code to unit sum. For example
SP 0.753564,0.246436,2%0

{1) When we are calculating the steady state conditions prior to a
kinetics calculation and the delayed fission spectra (Section 5.8.10)
are different to the prompt values, the code will use an equilibrium
spectrum (Section 5.8.10). It is for this reason that the data to
follow is placed in the present functional block.

{2) Although physically the SP data need not be given after all the
cross sections logically it is the last data of this functional
block for purely steady state calculations.

5.8.5 VEL (kinetics), group velocities

Kinetics data for the average group velocities in ocm sec ! is supplied
trailing the keyword VEL thus ...
VEL = (vg, g=1,2,...,NG),
for example
VEL 2.5+9,3,5+7,7.5+5,2.25+5

Mainly for use with the AUS system, where the average velocities of the
library (in em/10 %sec) are stored as the removal cross section of a material
with name INV455B (Section 5.9), ih the absence of any trailing data,
VEL (and no numeric data},
POW uses vg = 1oa/orem,g {INV455B) .

Note: If prior to a kinetics calculation a steady state calculation is

carried out and the number of groups is collapsed (Section 5.24) an
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appropriate way to cbtain average velocities would be to average

the material INV455B over the whole reactor. The short list feature
above may then be used subsequently to pick up the reactor-averaged
group velocities.

5.8.6 PER (kinetics), fission energy releases

In order to obtain reactor power for a kinetics calculation (Section 6.4)
or for specialised EDITing (Section 5.26) the fission energy release (joules/
fission) may be supplied for each material given in turn
FER = (f , m=1,2,...,MAXM).

For example we may have
FER 3.172-11,2*%0
In the absence of any data being provided here the code takes

(1} fissile materials, FERm = SFER (default 3.172-11)

(2) non-fissile materials, FERm = 0,

Note: The array FER is used during the fission source calculation to

bypass unnecessary computation on non-fissile materials (FERm = 0).
This need he of little concern for the user except that he should
not set SFER=0.

5.8.7 IGD ({(kinetics), number of delayed groups

The number of delayed neutron groups, IGD ( < MAXGD), is given simply as
IGD = number of delayed groups, e.g. IDG=6
Data to follow must be consistent with the value specified here.
Note: Kinetics calculations for prompt excursions may be carried out
without delayed neutrons, IGD=0 (the default va;ue).
5.8.8 BETAD (kineticg), delayed neutron fractions

The delayed neutron fractions per emitted neutron, Bi, are supplied thus
BETAD = (B,, i=1,2,...,IGD),
for example
IGD=1
BETAD=6,4~3

Note: The total delayed neutron fraction

IGD

B = 2 B

i=1

is available as a weighting option for reactivity insertion (Section
6.5.2) *

5.8.9 DLAMDA (kinetics), precursor decay constants

The decay constants of delayed neutron precursors (sec-l), li are entered

as
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DLAMDA = (?\i, i=1,2,...,I6D),
for example
DLAMDA=0.08
5.8.10 8D(i) (kinetics), delaved fission spectrum

The delayed neutron fission spectrum for a delayed group i producing
neutrons in energy group g, Xig' is entered as
SD(i) = (Xig' g=1,2,...,NG)
and should be supplied for each delayed group, i=l,2,...,IGD. In order to
simplify data presentation the following interpretation of short lists is
adopted:
(1) SD without any further data takes all the spectra to be given by
the prompt values (SP)
(2) sD(i) without any further data uses the last read immediately
preceeding SD data,
The minimal data here and the usual requirement for few group calculations, is
then the lone word
SD
For many group calculations with delayed fission spectrum different from
the prompt spectrum the user must select the fission spectrum required for
EDITing {(Section 5.24). This is because POW always uses an equilibrium

spectrum

IGDh
Sp_ = 1- . .
g XPQ (1-8) + Eéi Xlg Bl

during the steady state flux calculation (when delayed data is supplied) and
normally restores the fission spectrum, SPg, to the prompt values, ¥ .
Management of which fission spectrum is being used is then the responsibility
of the user. The required option is indicated to POW thus

NSD n (default value 0), where

Enty to START Exit from START
n s se n
0 prompt prompt 0
1 prompt equilibrium 3
2 regtores prompt 0
3 prompt from equilibrium 3

a previous
step

Notes:

(1) If available the equilibrium spectrum is used for a steady state
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calculation and this is why scme of the kinetics data needs to be
entered at this stage.

(2) Normalisation of the supplied data is irrelevant as the code
normalises the spectra to unit sum prior to any calculation being
carried out.

5.9 Library Group Data

Presently POW may obtain group data from one of the disk libraries:
{a) a datapool of the AUS scheme already resonance shielded data possible
prepared from the 127-group resonance parameter GYMEA library (Pollard
and Robinson 1969), Appendix A,
(b) the 26-group, 3-temperature resonance tabular ABBN library (Bondarenko
1964), Appendix B, and
{c) the l6-group, l-temperature resonance tabular Hansen-Roach (1961)
library, Appendix C.
Card data and library data (for the same number of groups) may be used together
and the potential scattering of data supplied from cards may be used in con-
junction with library data to influence resonance absorption. Resonance
absorption is calculated for a 2-region fuel-moderator model with the equivalence
relation used in GYMEA (Chiarella 1969). The present library data does not
include kinetics information - kinetics data must therefore be provided in card
form (Section 5.8).
Data required to extract information from a library consists of the
following:
(1) XsD, the cross section data selection,
(2} HOMOVR, the homogeneous volume ratios or homogeneous concentrations,
(3} ALBAR, the 2-region resonance equivalence relations information,
particular ¥, the mean chord length through the fuel region (cm), and
(4) READ LIB, the particular library required and this data initiates
programme action.
The data should be given essentially in the indicated order.
We will introduce each item in turn.

5.9.1 X8D, cross section data selection

Cross sections may be obtained from an AUS XSLIB (Appendix A, B and C)
using 2-region equivalent homogeneous resonance shielding. The effective
potential scattéring cross section for each material (including an allowance for
resonance overlap) is calculated and the required cross section is obtained
using both potential scattering Q/GP} and temperature (/T) interpolation. We
specify the required data thus:
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XSD material name (optional), data source (optional), mod (optional)
M (material number)
concentration (default 1.), homogeneous volume ratic (default 0.),
temperature, K (default 300),
for example
X8D c M(7) 8.291~2
where (1) material name, if given, must correspond to a material in the
library, and if not gilven the material number then selects a
library material in the corresponding library position (XSD M(8)
selects C from the ABBN library, Appendix B),

{2) data source, if given, selects a particular entry for the named
material (which may not be unique to the 1ibrary) and if not given
the library recommended data for the material (highest update num-
ber) is used,

(3) mod, if given, selects a corresponding library entry appropriate
to a modification of data from (2) and if not given the library
recommended data for the chosen material and data source ig used,

(4) concentration (default l.) is the weighting to be applied to the
library data on exit from the library retrieval,

(5) homogeneous volume ratio (default 0.) is to be provided such that
homogeneous concentration = (4)*(5) (that ig if (4)=1 then (5)=
homogeneous concentration) ~ see also Section 5.9.2, and

{6) temperature K (default 300) is the required material temperature
(and a homogeneous average temperature is used if several
temperatures are given for the one material using different XSD
cards) .

As a further example using the Hansen-Roach data (Appendix C) we might use
X8D U238,HANSEN,ORIG M(l) 0.04749,0.1005

XsSD U235,HANSEN M(2) 3.425-4,0.1005
XsD D M(3) 0.06655,0.8995
Xsp O M{4) 0.03328,0,8995

Note: Data required for a special l/v-absorber (with 2200 msec ' value of
10%/2,2 x 10° (=455) barns) obtained from the library entries for

group-averaged velocities (cm/lona

sec) - mainly for use in
kinetics calculations (Section 5.8.5) - is requested thus
XsD INV4AS5B M(5)

5.9.2 HOMOVR, homogeneous volume ratios

The homogeneous volume ratios {or concentrations) are stored in the array
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HOMOVR as each XSD card is encountered, so that for the example above we would
have

HOMOVR (1)}=0.1005,HCMOVR{2)=0.1005,HOMOVR(3)=0.8995 and HOMOVR (4)=0,8995.

We may however use standard type cards (for example

XSp U238 M(1) 0.04749)

and rely on the array HOMOVR to indicate the required quantities set thus, for
example

HOMOVR=2%0,1005,2*0,8995

In general following the XSD cards we may provide data trailing the keyword
HOMOVR one word for each material (1,2,...,MAXM), which overwrites the default
values set by the XSD data, or 0. if XSD is not provided.

The array HOMOVR ig also to be used to specify the homogeneous volume
ratios {or concentrations) for previously submitted data from cards or a
previous read of a library, when the data influence on resonance absorption is
considered to be important. Card data may have the ratio entered into the
appropriate element of HOMOVR, We simply provide the same data as for a
library material except we immediately trail the data with the cross sections
as in the example
Xsp € M(3) 1,0.8995 M(3) (note the underlined)
1.5028-1,3.44185-1,3,74146-1,3.63482-1
etc. In addition the cross sections are multiplied by the concentration (1 in
the example above) as the data is stored away.

5.9.3 ALBAR, equivalence relation information

POW uses the 2-region resonance equivalence relation for fuel and
moderator employed in GYMEA (Chiarella 1969) which is permitted to degenerate
to 1 region for normal homogeneous calculations. In the absence of any user
provided data here POW returns infinitely dilute cross sections from libraries
with resonance tabulations (Appendix B and C) or previously shielded cross
sections otherwise (Appendix A).

We provide the required data thus ...

ALBAR g,b,V fﬁ, E&,..., I%axm (default values all 0., i.e. a homogeneous

system),
where
g = geometry indicator,
0 = sglab,
1 = gylinder (hexagonal pitch),
1.5 = ¢ylinder (square pitch),
2 = sphere;
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boundary condition indicator,

0 = fully reflected system (i.e. a cell), otherwise (#0) implies a
reactor (cf. 0.71 used in geometry data, Section 5.15.1);

V = homogeneous volume ratio of fuel (resonance absorber) region to
total - if V=0 then HOMOVR (k,} is used instead as indicated below;
T (=4v/s), the mean chord length through the fuel region {(cm) if

E% = M(k) is present in the fuel region,
0 ; the M(k) is not in the fuel region, i.e. in the moderator.

Notes:

(1) POW, unlike GYMEA, cannot approximately cope with more than 2 regions.
Instead POW takes '
tay ¥ = IL;' 1st non-zero entry for which HOMOVR(k))#0 and
(b} V = HOMOVR(k1) if V=0 is specified above.
(2) A material (say 10) may be present in both fuel and moderator. We
simply request Gata from the library twice as the example ...
X5D 0 M(4) 0.03328,0.8995 (in moderator)
XsD 0 M(5) 0.04102,0,1005 (in fuel)
ALBAR...0,2,53,...

As a simple example we consider natural uranium rods on a regular hexagonal
pitch in D,0. Taking Z = 2.53 em the data might consist of the following ...
XSD U238 M(1) 0.04749
XSD U235 M({2) 3.425-4
XSD D M(3) 0.06655
Xsp O M{4) 0,03328
HOMOVR 2%0,1005,2*%0,89925
ALBAR 1,0,0,1005 2%2,53,2%0
READ LIB ON 8 - as discussed in the next Section.

5.9.4 READ LIB, library selection

POW, as run under the AUS scheme (Appendix a), has two main FORTRAN units
from which cross section libraries may be read, they are
(1) 8, for standard resonance tabular libraries (Appendix B and C),
(2} 10, for a scratch library possibly prepared by GYMEA (Appendix A).
The selection of which standard library is required is made using a feature
of the AUS catalogue procedure. We have
// EXEC AUS,LIB=HANSEN or simply // EXEC AUS
for the Hansen-Roach library, and
// EXEC AUS,LIB=ABEN
for the ABBN library.
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sections for the previously selected materials (Section 5.9.1)

shielded according toc the indicated resonance equivalence data (Section 5.9.2

and .3) are then sought when the following data is encountered

READ named LIB ON unit, sop

whére
named (say HANSEN) is an optional name for user information (otherwise
ignored by POW unless CARD see Section 5.8),
unit (8 or 10) selects the required FORTRAN unit, and
sop (default value 1) selects the fission spectrum weighting as
discussed below (note 2).
Notes:

(1)

(2)

Data for at most MRAXS additional reactions of the AUS XSLIB set
(Appendix B), ignoring anisotropic diffusion coefficients, are
returned in the oxder ...

{i) cp, potential scattering,

{ii) Otot' total
{iii) Uf, fission,
If anisotropic diffusion coefficients are available they are stored
in the appropriate elements of DCX(m) and DCY(m) - Section 5.8.3.
POW only permits one prompt fission spectrum (SP) which is taken to
be an average for all fissile materials of importance. With the
Hansen-Roach library the particular weighting required for each
material is irrelevant since all materials have the same fission
spectrum. However, the ABBN library has different spectra for
different materials. The data item sop above selects an approximate
welghting thus

(i) sop=0, SP data not entered into core,
{ii) sop=+G (default 1)

maxm
spg= %éi va’G(m)HOMOVR(m)XP’g(m)'

that is each spectrum is weighted by a particular group (G} homo-
geneous fission emission cross section for each material (say 1 for
fast reactor studies, NG for thermal reactor studies)

(iii) sop=-G

as above except that the sum is added to the already existing SP data
{presumably set up from a previous read of the library). Here we
should note that normalisation of SPg to unit sum is not carried out

until
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(a)  Jjust prior to a flux calculation START (Section 5.23), or
(b) just prior to an EDIT calculation (Section 5.24).

{3) When reading two different libraries the influence of materials of the
first library on resonance materials in the second library is correc-
tly maintained through in-core cross sections provided the same
resonance material is not in both libraries.

(4) POW may also write AUS-type libraries (Section 5.24.5).

5.10 P (n#0) Data

v

Although POW makes no allowance for scattering matrices other than P° we
may include P; weighted matrices, etc., as data for separate 'materials'.

These 'materials’' may not appear in a POW calculation, however, they may be
group collapsed for use by other AUS modules.

Pn(n#O) data is given in either (1) card form or (2) as a request for
library data. In either case we follow the data requirements of the appropriate
Section ((1) = Section 5.8.2 and (2} = Section 5,9.1) for a normal material
except Pn(n#O) data is indicated with the name DITTO and must be for consecutive
materials. For example
XSD BPOl,HANSEN M(l) 0.066
XSD DITTO,P: M(2) 0.066
and if P2 data were available, and is required, we would supply further
Xsp DITTO,P:2 M{(3) 0.066

Note: When using AUS XSLIB data with Pn(n#O) data effectively we must
address each material by name, that is, we cannot use the purely
positional type request (Section 5.9.1)
¥sD M(1) 0.066 XSD M(2) 0.066
since P; data does not exist in the library as a separate material.

5.11 Cross Section Modification

A feature is available to MODIFY cross sections (either previously read
from cards or obtained from disk). We use the data _

XSD MODIFY M (material number) and optionally {f M (same material number)
when the default value f=1 is
not satisfactory}

then numbers, one corresponding to each cross section,

(xtr,g,g=1,2,...,NG),(xabs,g,g=l,2,...,NG),(vxf'g,g=l,2,...,NG),

((xscat,g'+g

additional reactions with corresponding numbers

(xreacl'gfg=1’2’ ') ,NG) r (xreacz’g’g=l'2" .e 'NG) ’ etc'
We note that the second group of numbers, x

,a=1,2,...,NG) ,g'=1,2,...,NG) , followed by as many as MAXS opticnal

abs,g,relates to absorption rather
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than removals. The procedure adopted is the following, where a prime denotes
the modified data.

(1) - Z o , and this becomes reaction 2

scat,qg’
gfg" g g
{(2) If x=0 then ¢' = 0, i.e. the cross section is unaltered;
5x if Ixl > 10740

“lo if Ix| < 10°%°

g =0
abs,g rem,g

otherwise x'

and the data modification carried out is

<0 , o' = |fio+x"'
flso , o' = fox';

(DCX =DCY =1/30! if a transport cross section is modified).
g g tr,g

(3)

;em,g Uébs,g + gig. Gécat,g'+g' restoring reaction 2 to removals.
The main purpose of the feature is to enable the effect of data perturbations
to be studied and this becomes particularly simple using the option f=1 whereby
we multiply the data by selected factorsx (e.g. 1.0l for a l% increase).

As an example say we require to increase absorption for material M(2) in
group 1 {of l6é-group data) by 1% we could use the data
XSD MODIFY M(2) 16*0,1.,01,15%0,272*0

5.12 Mixing Rules

Mixing of cross section data may be required for example to form data for
mixtures (and components) both microscopic and macroscopic. The data is of
the form
DEFN material name M (material number for material being defined) =

M {material number 1), material 1 concentration
M (material number 2), material 2 concentration, etc.
For example, say we have microscopic cross section data available for M(1l) and
M{2) as illustrated
XSp H M(1), etc.,
Xsp 0 M(2), etec.,
then we might define
DEFN H20 M(3) = M(1) 2 M(2} 1
DEFN WATER M(4) = M(3) 0.033
lLet Id denote the material number for the material being defined

I; denote the material number 1, etc.,
then the cross sections are built up in the following way.

(1) IfFI,#1

then the cross sections are initially cleared and the cross sections

of material 1 {including any additional reactions) multiplied by the
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concentration of material 1 are added to the cross sections required.
Otherwise the existing cross sections are multiplied by the concen-
tration of material I;.
(ii) Similarly for the 2nd material, except that the cross sections are no
longer cleared, and so on.
The mixture diffusion coefficients for both x (or r)} and y (or z) directions,
D and Dy q are cbtained from the constituent diffusion coefficients using

X,9 '
l/Dx g and l/Dy g in place of cross sections in the rules given above.
r ’
Using the above rules we may abbreviate our examples to
DEFN H20 M(3) = M(1) 2 M(2) 1

DEFN WATER M(3) M(3) 0.033

or even

DEFN WATER M(3)

M(1) 2 M(2) 1 M(3) 0,033

Later when we come to provide layout data for the materials that constitute
the reactor (Section 5.15.4) we will obviously only be concerned with those
materials that have macroscopic data available. Microscopic data may however,
be required for EDIT purposes (Section 5.24)., We shall note that the mixing
process is normally carried out immediately the DEFN data is encountered,
however, the procegs may be carried out as part of a criticality SEARCH -
Section 5.17.1.

5.13 DB? Leakage
Inclusion of DBZ leakage in the removal cross section for each material

! = + B2 c
rem,q 0rem,g B/ tr,g)

ig a standard way of making at least approximate allowance for leakage of
neutrons in directions not otherwise accounted for in the calculation to be
undertaken. (For zero dimensional calculations all leakage is included this
way.) Considering we may reQuire B2 to be such that the reactor multiplication
k=1 (a criticality SEARCH Section 5.17) we first introduce DB? leakage data
required for this type of calculation.

We specify pa? leakage data to POW thus ...
BSQ (additional reaction number) = {set L of material numbers to have leakage

added},

{set M of material numbers for required transport cross sections},

{set N of required bucklings, B2},
where the selected additional reaction of the lst material of set L has stored
in it the lst B? of set N divided by 3 times the transport cross section of the
1lst material of set M and so on. For example, we may use the data (provided
MAXS (Section 5.6) 2 3)
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BSQ{(3) = 1,2,3,4 1,2,3,4 l1.-3,1.-3,1.-3,1.-3
L M N

Correspondence of lst Items of Data

which may be punched more compactly
BSQ(3) = 1(1)4 1(1)4 4%*1.-3
Further we may add the leakage cross section to data already given for the
selected additional reaction by specifying data as above except with the
additional reaction number set negative, e.g.
BSQ(-3 =1(1)4 1(1)4 4*1.,~-3

When we simply require the leakage cross section to be added to the
removal cross section, probably the most usual requirement, we indicate this
requirement by specifying zerc for the additional reaction number, e.qg,
BSQ(0)=1(1)4 1(1)4 4*1,-3

Notes:

(1) The additional reaction number SMAXS set in the PRELUDE (Section 5.6).

(2) We may also specify group dependent bucklings for each material.
These bucklings may also be calculated hy POW. We defer further
consideration of this feature until Section 5.25.1,

{3) After a criticality SEARCH (Section 5.17} we may require the critical
leakage to be permanently associated with the removal cross section
rather than simply as an additional reaction added only during the
critical SEARCH. We achieve this using short data, BSQ(-additional
reaction number) and no other trailing data. The removal cross
section of each material in the previously specified set L then has
added the cross section corresponding to the additional reaction
number. Sets M and N are ignored. For example, we may use
BSQ (-3)

5.14 Poison Absorption

Inclusion of poison absorption in the removal cross section of each

material

=g 4+ 0 ison
rem,qg rem,g a,9 {po )

is a possible way of making a reactor just critical (Section 5.17.1). The
feature is exactly analogous to pB? leakage of the previous Section and data is
specified in a similar way except that the keyword ABS is used instead of BSQ.
For example we may use the data

ABS(3)=1(1)4 4*5 4%1,-3
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where M(5) is the poison material and 1.-3 is the concentration.

5.15 Geometry Data

Geometry data is required to specify:
(i) type of geometry -
2D - {(a) slab (x,y)
(b) cylinder (r,z);
1D - (a) slab x (y degenerated to 1 point},
(b) cylinder r (z degenerated to 1 point),
(c) sphere r;
0D - {a) slab (z reduced to 2 points),
(b) cylinder (r reduced to 2 points},
(c) sphere (r reduced to 2 points);
(ii) width of mesh spacing (cm);
(iii) boundary conditions on the flux, Qg—
(a) reflective {zero current},

og
51—15-= 0 for each group g,

where n = outward normal;

or (b) reactor (zero flux on extrapolated boundary)
¥, %
Dn,g ™ + 38 - 0 for each group g,

where d = extrapolation distance in equivalent transport mean
free paths (usually 0.71 is used), and
(iv) region layout.
Card data may be provided using the following -
(1) XM or RM, x or r mesh spacing,
{(2) ¥M or ZM, vy or z mesh spacing,
{3) RM(SPHERE), spherical mesh spacing,
{4) REG, region layout;
disk data from an AUS GEOM library is entered with the words
(5) READ REG, for complete geometry data,
and is written with the words
{(6) WRITE REG of complete geometry data.
5.15,1 XM or RM, x or r mesh spacing

The x mesh data is specified thus

ﬁ dL' le ’ 61{2,..., GxNXM]:, dR

where the keyword XM sets the (x,y) geometry option,
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d denotes the left hand extrapclation length in transport mean
free paths except that ®« is replaced by 0 for a zero current

boundary condition,

8xy denotes the width of the lst mesh intervél in cm,

§xa denotes the width of the 2nd mesh interval in cm,

éxNXMI denotes the width of the NXMI and last mesh_interval in cm, and
dR denotes the right hand extrapolation length in transport mean

free paths where again = is replaced by 0.

The edge flux is calculated by POW for reactions about a mesh point (rather
than at the centre of a mesh interval) and therefore the number of x mesh points
is
NXM=NXMI+l1 (note the extra one}.

bata for (r,z) gecmetry is supplied in the same style as above, namely
RM 0, &r), Grz,...,GrNXMI, dR
where the notation is obvious.

An example of the data follows from the MOATA run of Section 5.3 -
XM=0,5*4.572,0.635,5*%2,968,0.635,10%5,0,71

Notes:

{1) Reflective (zero current) conditions require dL or dRéO.

(2) Reactor (zero flux on extrapolated boundary) conditions usually
require dL or dR = .71, although 1l.-4 may be used to force the
condition ﬂg = 0 on the actual boundary.

(3) The choice of mesh spacing is somewhat ill defined although the
following ideas provide some very rxough guidelines:

(a) physical regions, unless homogenised with neighbouring regions,
need te have their boundaries along mesh intervals;

(b} large mesh spacing (2 or 3 transport mean free paths for
'important' neutrons) should be avoided as estimation of gpatial
variation becomes inadequate, '

{c) small mesh spacing (1/10 transport mean free path for 'important'
neutrons) should be avoided as convergence of the iterative
sclution is needlessly slowed down.

(4) OD problems are tackled by reducing the soclution to 2 points for a
fully reflected system using the data
XM=0,1,0, or
RM=0,1,0
along'with corresponding YM or ZM data (next Section).
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5.15.2 ¥M or ZM, y or z mesh spacing

The y or z mesh data are specified in much the same way as the x mesh data.

We have

M dB, Svi1, Sy2,e0., GYNYMI' dT
where the keywords YM and ZM are equivalent
dB denotes the bottom extrapolation length in transport mean free
paths except that « ig replaced by 0,
§v1, O¥2,00es SYNYMI are mesh interval widths in em, and
dT denotes the top extrapolation length in transport mean free paths
where again « is replaced by 0.
The number of y mesh points NYM is then
NYM=NYMI+1
and the (x,y) or (r,z) plane, is divided into cells by extending lines perpen-
dicular to the axes from the given mesh points. The corners of all cells (the
intersection of all mesh lines) then become the mesh points at which the flux
is to calculated. The total number of mesh points NXY is then NXY = NXM*NYM.
The MOATA run of Section 5.3 again provides us with an example of the type
of data we use -
¥YM = 0,5%5,064,0,636,10%2,984,0.71
Notes:

(1) 1D problems are degenerated to y or z point with the fully reflective

data
YM = 0,2,0, or
ZM = 0,2,0 (anything other than 2 will do if the volume is not impor-

tant)}.

In the absence of special coding the above data would specify 2 points,
however the degeneracy to 1 point is particularly important as the
inner line solution is thereby exact without any line relaxation.

The 1D solution points are as sketched ...
f Yy Oor =z

- - - - _ {reflective boundary
h’imagined to be here

X Or r

{2) OD problems are 1D problems reduced to 2 x or r points with the fully

reflective data
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XM=0,1,0 or BRM=0,1,0, and
¥YM=0,2,0 or &M=0,2,0.
No special coding is introduced to degenerate the problem te 1 point,

The OD solution points are as sketched ...

Ty or =

. {reflective boundary

imagined to be here
-bx

or ¥

5.15.3 RM(SPHERE), spherical mesh spacing

The r(spherical) mesh data is given with a single specification

RM (SPHERE) 0,6r1,6rz,...,6rNXMI,dR,
where
Sxry denotes the radius of the lst mesh interval in cm,
Bro denotes the thickness of the 2nd mesh interval in cm,
6rNXMI denotes the thickness of the NXMIth and last mesh interval in cm
and,
dR denotes the right hand extrapolation length in transport mean

free paths, where again « is replaced by O.
aAn exémple of the data is afforded by GODIVA, a critical 235y sphere of
radius 8.71 c¢m (Argonne National Library 1963). We might use the data
RM(SPHERE)=0,10*0,871,0,8
where here the extrapolation distance of 0.8 (instead of the usual 0.71) trans-
port mean free paths is found to give better agreement with an equivalent
transport calculation.
Note: OD calculations may be specified simply as a reflective sphere with
the data '
RM (SPHERE)=0,1,0.
5.15.4 REG, region layout

The layout of constituent materials of the reactor in mesh cells is
specified as follows. We number the cells as illustrated in the sketch (as

for a transposed upside down matrix)...
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t j {y or z mesh)
5 —p

M(4) " 1,4) (2,4) (3,4) {4,4) {(5,4)
-
M(2) (1.3) F=(2,3)==(3,3) = (4.2 (5,3)
3 TITT = - ¢ 4
M(1) (i, 2| [=12.2) =3=F3, 2= (4,2) (5,2)
2 “:: =='_"-m.r.rr.=== ‘ “
(1,1) [2,1) (3,1) (4,1) (5,1)
1 il [N F &3 i (x or r mesh)
1 2 3 4 5 3]
Liv  R2n R3y  Luy  Lsy
T L1353 fR2a R33 fus fs3
ctE. T =

R12 R22 fR32 42 As2
i1 R21 fa1 fuir s

where L is the layout matrix with elements gij stored in the usual way. We
then use a succession of items of data of the type
REG MX

ill iz""f i My jl'jZ,loo, jJ M(m)

MZ...

I
OoY... MR...

which fill up elements of a layout matrix L
such that L, =m if ie {irsdz,e000i,) and de (G1,32,000035) &
The keyword REG need not be repeated for each such data item when given one
after the other and MX and MY data need not be supplied unless the data is
¢changed.

As an example, say we require the layout to be specified for the reactor
illustrated earlier. We could start this layout using
REG MX 1(1})5 MY 1(1)4 M({4)

and we would have

H
L - )
[ - - S - S - 9
[N I N

4
4
4
4

- - -

If the above data were followed by
(REG) -optional MX 1,2 MY 1,2 M(1l)

we would then have
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4 4 4 4 4
ey 4 4 4 4 4
1 1 4 4 4
1 1 4 4 4
and finally

(REG)~optional MX 2 3 MY 2 3 M(2)

would give the required layout

4 4 4 4 4

rm _ 4 2 2 4 4

11 2 2 4 4

1 1l 4 4 4
Notes:

(1) Clearly no part of the reactor should remain unfilled with material.
{2) 1D data specifications do not require MY (or MZ) information, for
example
REG MX=1(1)5 M(1l) MX=6(1)10 M(2)
(3) OD data specifications require only the material number, for example
REG M(3)
5.15.5 READ REG, for complete geometry data

Geometry data of the AUS scheme (Appendix A) is read in POW with the data
READ REG ON 6
All geometry information (Sections 5.15.1 to 5.15.4) is thereby made available
to POW from another module of AUS on POW's FORTRAN unit 6,

As an extension of the AUS GECM library, POW can have several different
geometries for different jobs held in the one library. We recall named entries
with the data '

READ NAME REG ON 6,1,

where the trailing 1 selects the option that reads through the entire library
and the last appearing data identified by NAME is used. If on the other hand
the trailing number is =1 then only the layout matrix is read. (This latter
feature is mainly for use with complicated EDITS, Secticn 5.24, where elements
of the layout matrix are changed as part of the EDIT requirement.)

5.15.6 WRITE REG of complete geometry data

Geometry data of the AUS scheme {Appendix A) is written in POW with the
data
WRITE REG ON .6
which writes the data on FORTRAN unit 6.
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As an extension of the AUS GEOM library, POW can have several different
geometries for different jobs held in the one library. We write named entries
with the data
WRITE NAME REG ON 6,1,
where the trailing 1 selects the option that writes the NAMED data at the end
of the library.

Note: The first NAMED data required in the library must be forced to be

written at the beginning of the library with the data
WRITE NAME REG ON 6
5.16 Calculation Type

We indicate the type of calculation to be pursued later using the data

REAL EIGENV
CALC = { ADJOINT , SOURCE , PROBLEM '
KINETICS

where we select the required options (except ADJOINT, KINETICS) from the above
gset. The default values correspond to the normal code requirement
CALC=REAL ,EIGENV, PROBLEM
and need therefore not be specified further. The third word is provided to
enable a user to give two unique job identifying names (POW jobname and CALC
sesgresy this) to a flux dump {(Section 5.23), particularly one shared with
other users and may well be omitted.
Notes:
(1) 1If storage is made available for the fixed source array FSCE during
an adjoint eigenvalue calculation (MAXF=l in the PRELUDE-Section 5.6)
‘then the adjoint solution is stored in the fixed source array. We
may then use both the real and adjoint flux concurrently for EDIT
purposes (Section 5.24).
{2} Even if we are intending to pursue a kinetics calculation we would
normally require a steady state calculation
CALC=REAL,EIGENV
to be carried out first. The calculation type
CALC=REAL,KINETICS
would then be specified as data after the steady state calculation
(i.e. after the START card, Section 5.23).
5.17 Criticality Search Data

Presently three types of criticality SEARCH are available. (These vary an
eigenvalue A, which normally multiplies some physical cquantity, to achieve a

required effective multiplication k=kreqd' usually 1.) The sgearches are
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controlled by the routines SUBn, n=1,2,...,92, where only the first three have
so far been dedicated to specific tasks. (An independently informed user may
write his own routines in FORTRAN and load them with the temporary update
feature briefly introduced in Section 5.5.) We have

{1) SUBl - a general concentration adjustment routine which may make
simple data changes associated with a poison search to more compli-
cated data changes associated with materials forming part of mixtures,

(2) sSUB2 - a general mesh width adjustment routine which may make simple
changes of scale of all mesh intervals to more complicated data
changes associated with differential and coupled adjustment,

(3) SUB3 ~ a general region adjustment routine which may move material
in or out of regions of the reactor either in single channels or
coupled channels according to a specified schedule.

Before we detail the way we use each of these subroutines we first introduce

(i) data to select the required SEARCH option, and

(ii) additional data required by the search subroutines.

(i) The main data item is associated with effective multiplication parameters -

§E§BEE}X)=kreqd’kacc'k;cc’h
where
X igs the option parameter that sets the required search (default
value 0.) and is detailed below,
kreqd is the required effective multiplication (default value 1.),
acc is the required accuracy in kreqd such that for convergence
|k - kreqd | < kacc (default value 2,-3},
k;cc is the required accuracy in kreqd before source extrapolation
is permitted (default value 1l.-2) - not used with all options,
and
h is an exponent used in the interpolation - extrapolation
process such that chord approximation of kh as a function of
critical eigenvalue % is as reasonable as possible (h=-1. is
best for variation of purely absorbing materials (poison search):
default value 1.).
The option parameter x is of the form
x=SI.D1D3
where
S5 = sign
I = integer part of x,
P = lst fractional digit
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and Dz = 2nd fractional digit
Let

d
then provided x#0 the SEARCH subroutine called is SUBd. For example SEARCH

Dy if D=0, otherwigse d=D,

(-0.02) sets a call to be made to SUB2 at convenient stages of the calculation.
If we use an option parameter of x=0 then no SEARCH is carried out (the default
option).

The sign of x is used to specify the required strategy to be used in
updating A:

S=t+ve -

A updating occurs every fixed number of outer iterations regardless of the

source convergence {set with %, - Section 5.17.0)

=-ve -

A updating occurs after a minimum source convergence (set with ACCFO -

Section 5,20.1).
If S=+ve, extrapolation of the fission source occurs concurrently with A changes
and hence this strategy should only be used when the data changes are minimal -
for example with a poison search (Section 5.17.1), 1If S=-ve, extrapolation of

the fission source does not occur unless and hence this

k-k | < k!
regd acce
strategy is suitable when data changes are drastic - for example with a criti-
cal size search (Section 5.17.2).
The 1st fractional digit of x is given the meaning:

D; =0 - A or \* _ (AEIGEN) is calculated for use in SUBd
n+l n+

D) #0 - no adjustmeit is made to A and presumably the user is adopting
his own computational strategy for A,
The integer part of x,I, is available for use by some of the SEARCHE subroutines.
For most uses we find that the simple specification, for example,
SEARCH (-0,02)
is all we need enter for this keyword as the default values are otherwise
usually satisfactory.
(ii) In addition to SEARCH data all the presently available routines require
extra data to be entered in the user's work area array (as detailed for each
routine later)
WSEA (wk, k=1,2,... to a maximum of MAXW)
and we must remember to assign sufficient storage for this array in the PRELUDE,
Section 5.6 (MAXW=200 is the default value). (A fixed point array sharing the
same storage, MSEA, is also avallable, but POW itself makes no reference to the

array.)
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Note: If we intend to pursue a normal effective multiplication calculation
after a search calculation we must later turn off the search with
the data SEARCH(O)

5.17.1 Additional infrequently required search data

The data item associated with eigenvalue parameters is

FSEA lL, Ai, A2, )\U, d
where
lL is a lower limit to A such that }.<AL will cause programme
termination (default value 1.-2)
A1 is a lst estimate of A (default value 1.}
Az ig a 2nd estimate of A (default value 1l.1)
AU is an upper limit to A such that AU will cause programme
termination (default value 1.+2), and
d is an extrapolation limit parameter (default value 3.) such
that if A_ and A are consecutive estimates of A, A is
n n-1 n+l
the next estimate and m is the index such that
Apay = Al = min (A, - AL Ao = Apma 2
. _ < _
then if |A_ . Am| d|?\n An_1|
we accept An+1' othexrwise we take
* = 3 - -
ln+l Am + d sign (An+1 Am)lkn An-l‘ .
An illustration (with d4=2.) best shows the idea here.
h k}'* k;
3 /
]
KD a / i /
red L~ - H 4
1 : l///
! s
{
i I
i |
' |
E . ¥ \
> > v )
)\n-l‘ N'§+1 2+l An-—l An A:Hl | R
rejected 1 1
A
An An+l )\*+l & A m
1 rejected n n+l
A accepted
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The reason for using the simple chord method to estimate a critical value
of A is that during early stages of the calculation we are working with
inaccurate values of k resulting from only partially converged fluxes and hence
more complicated interpolation or extrapolation is unlikely to be better (and
may well be worse). The hesitant extrapolation process described earlier would
be desirable no matter what process we use for estimating Xn+1' The process
does permit extensive extrapelations after several goes, however, since we

could have, for example,

-2
* = Ao+ +a+a?+, ., . +ad” 1 = A
An+1 Ao+ d (l+d+d d )| 1 2|

(Af = X2 +39|%; - X;| whend = 3) .

(We see here the desirability of not using A; and A, too close together unless
they are good estimates for the critical value of A.)

Finally the last additional data for use with SEARCH is
LSEA &1, %2

where
3] is the minimum number of outer iterations between consecutive
estimates of A (default value 3), and
Ls is the number of estimations of X before fresh inner relaxation

factors (wg,g 1,2,...,NG) are sought (default value 3).

5.17.2 8UBl - a general concentration adjustment routine

The search subroutine SUBlL is used to adjust concentration of materials
in seleacted parts of the reactor, either
(i) poison materials (materials with absorption only and set with ABS
feature - Section 5.14), or
(il} general materials.
(i) A poison search is set using the data
SEARCH (I.0l) (other data supplied if any non-default values required)
where I is an additional reaction number, and a +ve search strategy is satis-
factory (Section 5.17).
For example we may have
XSp FUEL M(1) ...
XSD MOD1 M(2) ...
XSD MOD2 M(3) ...
XSD POISON M(4) ...

and we may require MOD1 to be poisoned to achieve criticality (kreqd=l)'

We would use the data, say,
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ABS(3) =2 4 1.,-3 (Section 5.14 and we note that MAXS must be set to at
least 3 in the PRELUDE - Section 5.6)

SEARCH({3.01) 1. 2.-3 1l1l.-2 -l.

All poison concentrations are initially set as given with the ABS data (1.-3 in

the example) however the concentrations need not all be adjusted at the same

rate in order for criticality to be achieved. BAssociated with each material we

must supply a weight W thus

WSEA wl,W2,...,WMAXM

then if e denotes the initial concentration of poison associated with M(k) and

ck(h) denotes the adjusted concentration of poison asscciated with M(k)

corresponding to an eigenvalue A,

we have

ck(x) = ¢, {1+(A-l)wk}, k=1,2,...,MAXM ,

For example we would therefore also need the data
WSEA 0,1,2%0
Note: After the SEARCH is carried out (following a START or RESTART card -

Section 5.23) the concentration of poison corresponding to addit-
ional reaction I is built into the cross section corresponding to
additional reaction I. If we require the poison to be permanently
associated with the material (that is associated with Urem) we
should follow the START (or RESTART) card with the data
ABS (-I)
as described in Section 5.13. We need to be aware of thisg point
when interpretating output from the EDIT subroutines (Section 5.24).

{ii) A general search on material concentration (including fissionable materials)

is set using the data

SEARCH{~0.01)

WSEA W;,Wz,...,WMAXM

where here the concentration of materials (not just a particular reaction as

for (i) are adjusted using the same rules as for (i) with ¢, = 1, that is

k
ck(k) = {1+(A-1)wk} , k=1,2,...,MAXM

For example if we use the data

SEARCH (~0.,01)

WSEA (,1,2*0, say, for 4 materials

and the criticai eigenvalue is, say, Ac then all cross sections of material

2 would be multiplied by Ac and all diffusion coefficients of material 2 would
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be divided by Ac at the termination of the calculation.

In addition to the above we may adjust the concentraticn of materials that
are subsequently mixed to form material constituting the reactor. We do this
by trailing the WSEA card with special DEFN cards (Section 5.12) which rather
than produce the mixtures immediately, add data to the WSER array (elements

W grecer to a maximum of ; one element for each number given

vase1 ! Mvaxas Wnxw 7

with DEFN) for mixing to be carried out during the SEARCH calculation. The

cards take the form

DEFN MIX WSEA M(k)= ...

where the underlined is the only difference from a 'normal’' definition.

For example, say we require the critical 2%°y enrichment of an essentially

natural uranium reactor. (The microscopic cross section changes resulting from

different resonance shielding, for example, are ignored.)

We could use the data

X8D U235 M(l) ... {(microscopic data)

XSD U238 M(2) ... (microscopic data)

XsD MOD M(3) ... {microscopic data)

DEFN URANIUM M(4) and no more data (this simply enables M(4) to be used with
' the REG layout card to follow)

DEFN ADDU M(5) = M{1) 1 M{2) -1

™..., ¥YM... REG MX... MY... M4}, etc.

SEARCH(-0.01)

WSEA 4%0,1,0,...(MAXM elements must be supplied)

DEFN URANIUM WSEA M(4) = M(2) 1 M(5) 0.007 M(4) 4.78-2

The composition of uranium during the actual critical search calculation is

then

cu (M) = {(1-0.0070) 2%%y + 0.007 X 225y} 0.0478

(We note that the DEFN adds 7 numbers to the array WSEA and so we must have
MAXW = MAXM+7 in the PRELUDE.)
Note: At the termination of the critical search (after START or RESTART -
Section 5.23) the critical value of X is built into the correspon-
ding cross sections.

5.17.3 SUB2 - a general mesh width adjustment routine

The search subroutine SUB2 is used to adjust mesh widths for selected
parts of the reactor. A call to the subroutine is set with the data, for
example,

SEARCH(-0.02)
In addition we must supply additional data in the array WSEA which is used to
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give the mesh adjustment required with each mesh interval (including boundary
conditions). Given

d,_. (NXMI number of x mesh intervals)

XuxmI’ R

XM (Or RM) dL'le'GxZ'ooo'd

YM (or ZM) dB,Gyl Sya, .. "SYNYMI 1, (NYMI

number of y mesh intervals)

we must supply the additional data

WSEA W WL W2y e ey (MAXX+1 elements must be supplied)

WNXMI'WR, LI

wé,wi,wé,...,wﬁYMI,wé {NYMI+2 elements must be supplied)

then the mesh spacing corresponding to an eigenvalue X is

dL(A) dL(1+(A-1)wL)

8x,(A) = 8x1 (1+(A=1)wy)

ses |

Sxgunr ) = SXppy (T A-Dw )

4, () = a1+ (A-Lw)

dB(A) = dB(1+(l-l)W%)

Sy1(d) = Oy1 (1+(A-1)w})
Sz ) = S¥yypyr (BF =Dy

dT(X) = dT(1+(R—1)wé) .

For example, say we have the data
MAXX=20 ... |
RM 0,,5%*1.3,10%1.1,0.71
ZM ©0.,4*1.3,8*1.1,0.71
and we require the height of the core (underlined data) to be adjusted to
achieve criticality with the reflector (the remaining data) adjusted so that
the overall height does not change.- We would use the data
WSEA 21*0., (since MAXX=20, although MAXX=16 would be satisfactory)
0.,4%1,,8*-0,590909,0.

which would set

§z) (A} = ...

8zy (A} = 1.3 + 1.3 (A-1)

Szg(\)y = ... §z12(2) = 1.1 - 0,65 (A1)

since then the core height
and the reflector height

8z1(A) + 8z, (A) +...+ 6z, (A) = 5.245.2(A-1)
8z5(A) + 8zg (M) +...+ 8z32(}) = 8,8-5,2(A=1) .
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Here we would be recommended to set an upper limit to A corresponding to the
vanishing of the reflector. (POW sets any non-boundary mesh spacing less than
10™* to 10 *.) We would then supply the additional data
FSEaA 1.-2,1.,1.1,2.69,3.
Note: At the termination of the critical search (after START or RESTART -
Section 5.23) the critical value of A is built into the correspon-
ding mesh widths.

5.17.4 SUB3 ~ a general region adjustment routine

The search subroutine SUB3 is used to adjust the movement of control
materials along directions (channels) parallel to the axis. A collection of
channels with materials moved together we will call a bank, bg. Then a bank
bg may be moved from a fully in position corresponding to mesh interval i

I

to a fully out position corresponding to mesh interval i All banks start

fully in. when one bank bg is moved to the fully out pogition, the next bank
b2+1 may be moved. The movement of banks forms the basis of the criticality
gearch available here. As adjustment is made to a bank, if the bank is to be
moved out then materxial My, comes into the channels at mesh interval ixﬂ and
material m,q goes out of the channels at mesh interval ioﬂ' Fine adjustment
is carried out by providing a ‘tip' material My, between the materials LY

and Moge The concentration of the tip is varied so that we obtain the equiva~

lent of homogenisation of materials m g and Mmoo corresponding to a bank position

0
partway between mesh intervals. Here we will be content to present the data
requirement using simple examples.

As a first example we will consider only one bank and that of only one

channel. Say we have the following reactor layout.

=2

x /m01

(1) and M(2) for
equal mesh spacing

.

// half
/ fully in fully out out
L Az(\’ iﬂ(u A=A 1) /2
1010 X \% ;r/ R
§/3E Hep =3 %\ /
3 / concentration of
% NEN //l/ E25]H(3) = average of
% \s % “/Aconcentrations of
7 £
%,

P
'
[

I
[\¥]
N
\

/
1
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In addition to the normal REG data (Section 5.15.4) describing the layout of

the reactor (the specification of material filling the contrxcl banks being

unnecessary here) we supply data to the routine with the array WSEA. For the

example we would use the data

SEARCH (~0,03)

FSEA 0.,0.4,0.6,1.,2,

WSEA 3, -1 =1, 2 2, 6 1, 2 3
4 + 4 + + + + 4 +

tip material bank 1 1(1) line // to y=axis i, 15y ™y M01 channel

{(l=line // to x-axis)

The way we make more than one channel to be associated with a bank is
simply that we specify the positions of the channels one after the other. For
Iexample, if we required materials filling intervals 3 and 5 to move together
we would use the data

WSEA 3 =~1=1. 2 2,6 1,2 3,5

The way we specify more than one bank is that we repeat the equivalent of
the underlined above for each bank in turn. For the example we might require

the following layout.

We now supply the data
WSEA 3 -1=2, 2 2,6 1,2 3,5 -2=1, 2 2,6 1,2 7

We assoclate the eigenvalue A with each bank in the following way

A=0 ~ all banks in,
A=yl - bank 1 out, all other banks in,
A= [A(1)| + |A(2)| - banks 1 and 2 out, all other banks in, etc.,

with fractional interpretation as explained earlier. Since this correspondence

requires reactivity increase or decrease to be continuously associated with
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increasing A we may require a bank bl to have in and out swapped around in its
definition. We achieve this by setting the A~limit for a bank negative. Thus
for the example with the data

WSEA 3, =-1=-2, 2 2,6 1,2 3,5 =2=1. 2 2,6 1,2 7

fully in means all control channels filled with material 1. Except for sign
the choice A(l)' etc. is somewhat arbitrary although we should attempt to
maintain a smooth change in reactivity as a new bank begins to move out.

Note: On account of the failure of diffusion theory for control regicns
of '"strong' absorbers transport corrections need to be applied to
the data. Here we will only consider ID approaches. One method
available {(G. Doherty, AAEC unpublished report) is to adjust the
diffugion coefficient of the absorber in a diffusion calculation
go that the same flux is obtained as for a (collision probability)
transport calculation. An alternative (less desirable method) is

based on the extrapolated boundary concept as illustrated below.

} o

L-transport mean free paths R~transport mean free paths

We have
g 2
g Lo o - 2 M
by arlL + 34, O and -Dp 5rpg* 3d, o .

Since internal boundary conditions of the preceding type are not
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permitted with POW we must simulate the conditions using modified

data for the control absocrber, C,

D, =0 (10" is used instead to prevent code foul up)
and
2,1 1
o) = (-—— + —) ’
remC 3 dL dR

where % = mean chord length for C (=4V/S).
The adjustment may be made to the data of C for some, or all, of
the groups.
As an example of an application of SUB3 we consider the MOATA calculation
of Secticn 5.3. Say we require the fuel locading to give ke =0.9. We set up

b 4
5 fuel channels to be moved together as 1 bank

¥
5
" BEAZT 0] e tip, M(4)
” > v
3 E%;;,{1 7 f;; «— FUEL, M(1)
P S e -
e
A ,
L 8 9 10 11 x
' b 4

We would need the additional data to that given earlier.
PRELUDE ... MAXM=4 END
éEARCH(—0.03) 0.9
?SEA 4 =1=1.25 2 1,5 1,3 7{(1)1l1

5.18 Fixed External Source Specification

A fixed external source (in boxes around the intersection of mesh lines
for all groups} is specified using
FSCE followed by data to sensibly fill the array DIMENSIONed as indicated
REAL*8 FSCE (MAXX,MAXY,MAXG,MAXF)
that is
s(1,1,1,1), s(2,1,1,1),..., s(MAXX,1,1,1),
s(1,2,1,1), s(2,2,1,1),..., s{MAXX,2,1,1),...,
s(l,MAXY,1,1), s(2,MAXY,1,1),..., s(MAXX,MAXY,1,1},
s(1,1,2,1), s(2,1,2,1),..., s{MAXX,1,2,1),...,
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s (1,MAXY,MAXG,1), s(2,MAXY,MAXG,1l),..., s(MAXX,6 MAXY, MAXG,1).

(In order that storage be available to contain the above data we must set
MAXF=1 in the PRELUDE - Section 5.6.) The source s{(i,3,g,1l), in units of
n/sec (appropriately scaled for ease of presentation), is the total fixed

source entering a box around the mesh point (i,j) for group g as illustrated...

mesh cell (i-1, j)\\\\\ mesh cell (i,5)
j+1 /////
e
X o
__,___——-—"box around (i,d)
i
oA~ 4 mesh point (i,3)
. X X
-1 > =
/i‘l i i+\
mesh cell (i-1,j-1) mesh cell (i,j-1)

We must note that the code uses fractions of boxes along boundaries as
illustrated...

Ty (or z) extrapolated boundary

-
Lo
symmetric axis .« eXirapolated
(zero current) boundary
r
I
[
hr-. i
[ » X (or x)
r
for (r,z) geom?try symmetric axis
i.e. volume=Tr“h {zero current)

For spherical geometry the central box has the volume %-ﬂra.
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In order to simplify data presentation for sources normally encountered
in practice the following feature is available.
For the x-direction we would use, say,
FSCEL(1-3,1,1)=8(1,1,1,1) s(2,1,1,1), s(3,1,1,1)
for the y-direction we would use, say,
FSCEL(1,1-3,1)=s(1,1,1,1), =s{(1,2,1,1), &(1,3,1,L)
and for groups we would use, say,
FsCEL{l,1,1-3)=s(},1,1,1), s{(1,1,2,1), ={1,1,3,1)
Only one multiple argument may aépear in the one specification.

1 sec_l) in the

As an example, say we require a unit line source (1 n cm
fastest group and centred at the origin of a symmetric xy system. We would use
the data FSCE 0.25 (because of the 1/4 box) 100000*0 (too much data is of no
consequence). Or if this is the first calculation to use the FSCE array (since
storage is mostly set to zero)

FSCE 0.25 would suffice.

As a further example say we require a unit centre point source (1 n sec !)
in a symmetric rz system but with a strength of 0.7 in group 1, 0.2 in group 2,
0.1 in group 3 and 0. in group 4 then with MAXX=25,MAXY=27 ,MAXG=4 ,MAXF=1 in the
PRELUDE (Section 5.6) we would use the data
FSCE 0.35, 674*0,, 0.1, 674.0., 0.05,100000%0
or more simply
FSCE 100000*0 (if the array needs to be cleared) FSCEL(1l,1,1-3}=035, 0.1, 0.05

For a full spatial source the extent of data would be prohibitive, however
this type of job is not often required.

Note: If no fissionable material is present in the reactor we may set

NOFISS = n,
where n is a reaction index

l-.o0

tr
2~ 0 - default option
rem -
3~ vof - normal option with fission
and with NG = numbexr of groups
44NG ~ O (1st additional reaction)
reac 1
54NG ~ © {2nd additional reaction)
reac 2
6+NG ~ ¢ {3rd additional reaction)
. reac 3

then the nérmal source convergence (Section 5.21.1) is carried out
but based on the group collapsed reaction n instead of fission
emission. For example with 4 groups (NG=4) and the 1lst additional
reaction set to ABSorption (Section 5.14) we would use the data
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NOFISS=8 to obtain convergence criteria based on the total
absorption.

5.12 Trial Flux Specification

For most runs a user would not be particularly concerned with the default
trail flux generated by POW, except to note that it is always adequate. (POW
uses a flux appropriate to a bare homogeneous system as a trail solution.)
However he should at least be aware of a few points.
Notes:
(1) A trial flux may be used from a flux dump of a similar job (RESTART -
Section 5.23).

(2) For other than the first calculation of a run the flux solution of
the previous calculation is used unless an element of flux is zero
(as it would be if now we had more mesh points than before).

(3} We may force a POW generated trial solution to be used simply by
entering the data
FLX=0 usually, although we need instead
FSCE=0 if CALC=ADJOINT and MAXF=1
since the adjoint flux is stored in the array FSCE when storage is
made available (MAXF=1).

5.20 Calculation Strategy Specification

Much of the calculation strategy employed by POW is set with data read
from disk (unit 4) as part of the normal use of DTAV routines (Appendix D).
The strategy is briefly discussed in Section 3 and although we may vary the
strategy the user would infrequently, if ever, need to make changes. Over the
past few months the strategy data has been 'tuned' for a variety of calcula-
tions and this 'tuning' is likely to continue. The only data the user may
wish to use {(although this ig unlikely) is to set the supermesh associated with
region rebalance,

For region rebalance we supply data to specify supermesh segments of the
solution plane, The minimum additional data consists of specifying
MAXR (default /MAXX vMAXY)
in the PRELUDE for assigning storage to the solution array of MAXR* (MAXR+1)
elements, then if

Mx = the number of supermesh segments in the x (or r) direction

MY = the number of supermesh segments in the y {(or z) direction
we require Mx MY < MAXR,

Should no further data be specified a simple (but usually effective) procedure
is adopted by the code to generate Mx, My and the segmenting boundary lines.
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User specification of segmenting boundary lines, if required, must be carried
out prior to each START (or RESTART) thus
IX M, Il, Treeer I

M +1
X
LY My, Too Tpreenr Ty 4
Yy
where I, {=1) < 12 < L,es < IM +1 {(=NxM, the number of x mesh solution lines)
X

and I, € i< IE+1 identifies the lines i forming the Rth supermesh segment
for the n direction, with a similar meaning for the Js,

Ji {=1) < I3 € .0 € J {=NYM, the number of y mesh solution lines).

My+l
The choice of plane segmentation is not always clear but a good rule {in the
absence of specific experience) is to attempt to isolate regions which may be
slow to converge (for example fuel regions or strongly diffusing regions in the
vicinity of fuel regions),

As a simple example we consider the MOATA calculation of Section 5.3,
Say we require segments to isolate the FUEL region {(the default procedure would
do this anyway). We might use the data
PRELUDE ..., MAXR=6 END
Lx=3 1,7,12,23
LY=2 1,6,17
START

5,21 Calculation Termination Data

Termination data for a calculation is initialised to a default set of
values by POW and for the usual job these values should be adequate, Except
for error termination (when POW simply 'browses' through the remaining data)
a calculation ceases when one or more of the following termination conditions
is met.

(1) 1IEf,

(i) overall neutron balance accuracy < ACCLAM(l), default 1l.-4,
{ii) local fission source accuracy < ACCFO(l), default 1.-4, and
(iii) critical k accuracy < K co if a SEARCH is requested (Section

5.17).

{(2) If machine time exceeds a specified limit (default 90% of the time

remaining for the current job step).

{3) If number of outer iterations, n # NOL, a set limit (default 100);

{4) 1If NIL, the set limit to the number of inner iterations = 0.

Ag a user you would probably only be interested in the above under the follow-

ing circumstances:
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(1) to reduce {the already tight} accuracy for a lengthy calculation,

(2) if the anticipated run time is uncertain,

{3) if a calculation is not physically meaningful, and

{(4) if a previous flux dump is to be entered for EDIT purposes.

For the user requiring more than a brief run through the termination
conditions we provided further details in the next Sections.

5.21.1 Accuracy termination (ACCLAM and ACCFQ)

POW uses two main quantities to assess convergency of a calculation -

(i) overall neutron balance, b(n)

, and
S(n)
err

both of which change with each outer iteration n., (In addition for a criti-

(ii) 1local reaction(usually fission source) error, ’

cality SEARCH we need consider a further quantity.
(n)
kreqdl')

Let Si?’ be the total reaction of indicated type for outer iteration number n

in a box about the mesh point (i,j), then we have the following meanings:

(iii) effective multiplication error, |k

(n) {n)
o= L @,
ij g glng fg
{i,3}

CALC=REAL,FEIGENV, S5 av ;

CALC=REAL,SOURCE, as above if any reactor material is fissile,

) _ g (0
Si5° = & Pi4g f Ovor1ss,g &V ¢ -
(1,3

otherwise

and NOFISS is usually 2 (removals) as indicated in Section 5.18;

*
{n) X .

CALC=ADJOINT, s g gl
g “"ijg “pg

ij
We then have

(n) _ (n) (n~1)
(iY b = i z Sij / ? ? Sij
i3

e

s (n) (n) ,.(n-1)} _ . (n) ,.{n~1}
(ii) S, = max [Sij /845 ] min [Sij /85 ]
i,] 1,1

with i and j taken over the whole reactor for which Sig-l) # 0,

POW utilises a convergence count down scheme from trial solution stage
{MOP=3) to ultimate convergence stage (MOP=0), Briefly for the usual problem

we have ...

Stage Type Mode of Change
3 Power iteration b n) < ACCLAM(3)
2 Chebyschev extrapolation b(n) < ACCLAM(2) and sé?; < ACCFO(2)

4 < order < 6
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Stage Type Mode of Change
1 As above but more confident b(n) < ACCLAM(l) and Séii < ACCFO(1)
use 6 < order < 10

o

0 CONVERGED ({provided |k reqa Kacc
for a SEARCH calculation - Section 5.17)

We may change the default values for the accuracy limits,
(AcCLAM (1)=1,-4,ACCLAM{2)=1,-3 ,ACCLAM(3)=1.-2,
ACCFO(l)=1.~4,ACCFO(2)=1.~3,ACCFO{3)=1.-2)
using the data, for example,
ACCLAM = 1,-3
ACCFO = 1,-3

where here and normally we would be interested in changing only the final
accuracy.
Note: The tight limits ACCLAM=1.~5,ACCFO=l.~5 are seldom, if ever,
required.
5.21.2 Machine time limit (TLIM)

The time limit parameter may need to be set by the user, since if time is
exceeded the calculaticon is thereby terminated with output rather than abruptly
by the operating system. We use the data
TLIM = £
where £ is the fraction of remaining time for the job step (set using JCL~-
Section 5.5) beyond which termination of the caleulation (and output) is forced.
The job does not terminate completely but following the START (or RESTART) data
{Section 5.23) the Keyword TLIM is sought. (The job will terminate however,
with the keywords END or STOP.) After resetting the time limit we may then
proceed with our EDITING requirement before programme termination. For example

we May have

TLIM = 0.9
START
TLIM = 0.9

If no TLIM data is given
TLIM = 0.9
is the default value.

5.21.3 Outer iteration count limit (NOL)

The current calculation being pursued terminates (successfully but with
an appropriate note) if
n = NOL (default value 100).

We may change the limit simply however with the data, for example,
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NOL = 10
One reason for setting a small limit may be that only a few iterations of a
criticality SEARCH are to be followed.

5.21.4 Inner iteration count limit (NIL)

POW uses an inner iteration count limit of NIL=100, If the limit is
exceeded for one enexrgy group the next group is started as in the normal
solution process. If however we specify
NIL = O
the code uses this cue to bypass all calculation. We may thus RESTART a flux
dump (Section 5.23) and not carry out any further computation on the flux.
Instead we may proceed with EDITing operations using the flux (Section 5.24).
When we have finished with this feature we must remember to restore the usual
limit
NIL = 100

5.22 Output Requirement Specification

The OUTPUT requirement is set with the following data
OUTPUT CRAM GOG DATA SOURCE FLUX PRINT DATAFT UEDIT PDUMP PRINTE
where any of the above descriptive words may follow OUTPUT in any order {although
the code will produce OUTPUT in the given order). The descriptive words have
the meaning
GOG = produce data for GOG (Hopkins and Oakes 1968) on unit 2 (for a
2D eigenvalue problem only),
CRAM - produce data for CRAM (Hassitt 1962) on unit 2 (for a 2D eigen-
value problem only),
- the above options which are carried out before the calculation
is started, were mainly set up for compérison tests of POW with
other codes,
DATA -~ print cross section data (before the calculation is started),
SOURCE - print (edge) source if CALC=REAL (or ADJOINT) SOURCE (Section 5.18),

FLUX = at the termination of a calculation (Section 5.21) produce a flux
dump at the end of the data set on unit 9 (consisting of possibly
many flux dumps from different jobs),

- see also Section 5.23,
PRINT - print (edge) flux (@X1.E+08=1102877 means $=1.102877X10 2)
DATAFT

print cross section data layout and mesh spacing after a SEARCH
calculation,
UEDIT = calls a subroutine provided by the user as briefly detailed in
Section 5,27,
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PDUMP - produce a printer dump of all POW variables referenced in LIST
(Appendix D4)
- the above option was mainly set up to assist programme implemen-
tation, and

PRINTE - as for PRINT except with exponents printed (@X1.E+03=1103~02

means @=1.103X10 2).
OUTPUT DATA SOURCE PRINT DATAFT is the default option.
If no OUTPUT is required we would use
OUTPUT with no data following.

It is possible to produce OUTPUT at intermediate stages of the calculation
for items normally only produced on termination of the calculation, Say we
have
OUTPUT DATA FLUX PRINT
then we supply the data (one number for each item above and taken in the same
order)

IouT 0 O 5
which will result in the following OUTPUT:

DATA - at the start of the calculation,

FLUX - at the termination of the calculation (created at the end of the

data set), and

PRINT - every 5 outer iterations and alsoc at the termination of the

calculation.,
IOUT ©0 0 O...are the default values.
*#%%5_23 Calculation START

A calculation is started when the following data is encountered:

START

or if a flux dump is to be used as a trial flux

RESTART etc. '

With the RESTART option we may supply additional data

RESTART JOBNAME PRINT

where
JOBNAME is normally the name of a job in which an acceptable fiux dump
was created on disk (or tape) unit 2 and may be the same as the current
job, and
PRINT causes all flux dump headings to be printed.

Even though specified, the flux dump JOBNAME is only used if sgeveral important

variables, inclu&ing CAIC (Section 5.16), match for both core (current job) and

disk (previous job). When several acceptable dumps are available they are all
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read, which results in the last one read (and the last one created) being used
in subsequent calculation. In addition we have the following interpretations.
{i) If JOBNAME and PRINT are not given (that is RESTART only) then

JOBNAME = current jobname {given with POW data - Section 5.7).

(ii) If JOBNAME = current jobname then k, critical eigenvalue, etc.,
including calculation accuracy data, relaxation coefficients and
dominance ratic are used along with the flux, otherwise standard
values are taken. (When the current job is not closely similar to
the previous job we should use a different JOBNAME,)

(iii) If JOBNAME = SCRATCH (for use under AUS scheme) then

(a) names are ignored in the search for an acceptable dump,

(b) the data is completely scratched after the search so that any
new flux dump will start at the beginning of the library,

(c) k and critical eigenvalue are used along with the flux, but the
relaxation coefficients and dominance ratio are set to be re-
calculated, and

(d} if no acceptable dump is found no computation is carried out.

(iv) If JOBNAME # SCRATCH and no acceptable dump is located, data
appropriate to a normal START is set up.

{(v) If a flux dump is to be created for the first time (or all previous
data is to bé‘scratched) we must supply the data

RESTART DISP=NEW

which otherwise is equivalent to START, A file mark is written at

the beginning of the flux dump, unit 9.

Notes:

(1) The following restatement enlarging (ii) and (iv) is most important.

The ccde considers that if JOBNAME=current jobname, e.g.

?OW MOATA (X,Y) CALCULATION, GYMEA DATA

ﬁESTART MOATA (or simply RESTART)

then the same, or almost the same, calculation is being pursued and

the previously estimated relaxation coefficients and dominance ratio

should suffice. When the jobs differ substantially we should use

different jobnames, e.g.

POW MOATAl (X,Y) CALCULATION, GYMEA DATA (MOD1)

éESTART MOATA (but not RESTART)

as then only the flux shape is employed.

{2) When a normal START is initiated, k, critical eigenvalue, etc. are
reset to standard values although a trial flux is only created if

any FLX element is zero as discussed in Section 5.19. When we follow
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one calculation with another (i) we may want the previous data for
k and critical eigenvalue to be used although calculation accuracy
data relaxation coefficients and dominance ratio are to be taken as
standard default values, (ii) we may want only the previous FLX to
be used or (iii) we may not want any of the previous data to be
used. We supply the following data for each case cited...
(i) some data from previous calculation (similar to current
calculation)
RESTART CONTINUE
(ii) FLX only from previous calculation (vaguely similar to current
calculation)
START
(1ii) no data from previous calculation (an independent calculation)
FLX=0., START
An additional, infrequently required, option is also available in conjunc-
tion with the RESTART feature. Consider the set of acceptable dumps (jobname,
CALC, etc. the same). The last read in the set (the most up-to-date dump) is
normally required. We may however select the nth member of the set with the
data
AFTER n RESTART ...

When we use this option we must remember to restore n to a large number for
any future RESTART in the current job if the last read dump is required. The
option is mainly made available to enable later EDITING (Section 5.24) to be
carried out, for example we may want to plot out the flux after each outer
iteration (or more usefully after each time step of a kinetics calculation).

5.24 Region EDIT (lst word + ve)

Basically POW region edit produces output for regions of materials consti-
tuting the reactor system or mixtures of these materials. Cross sections may
be collapsed with simply flux (the usual requirement) or flux-adjoint (mainly
for perturbation calculations, Section 5.25). Card output may be directed to
the printer (unit 3), punch (unit 2) or disk (unit 7) and cross sections may
be stored in core for later use or creation of an AUS library. The user is
regquired to specify the following items

{1} GROUPS, collapsed group structure,

{2) MREG, material regions,

{3) MXS, cross section correspondence,

(4) EDIT, initiates the edit calculation, and

(5) WRITE LIB, if an AUS XSLIB (Appendix A} is to be produced.
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We introduce each keyword and associated data in turn,

5.24.1 GROUPS, collapsed group structure

The required collapsed group structure is defined using the data, for
example,
GROUPS 4 1,2,4,6,8
where the lst number is the required number of collapsed groups
the 2nd number is the starting group for the collapsed group 1
: the 3rd number is the finishing group for the collapsed group 1
and 1 more than the number is the starting group for the next collapsed group,
if one is given,
etc.
Note: Should we require all of the original groups of, say, a 26-group
set we would use the data
GROUPS 26,1,1(1)26
5.24.2 MREG, material regions

The required materials for output, except as described in the next
Section (5.24.3), consist of union of the regions of the reactor filled by
particular materials as described by REG data (Section 5.15.4), For example
MREG 1,2
will produce output for 2 materials - the lst consisting of material M(1)
averaged over each region of the reactor containing M(l), and the 2nd consis-
ting of material M(2) averaged over each region of the reactor containing M(2).
We identify union of materials, thus
MREG ~-3=1,2
which identifies a material, designatéd with a negative number, which is the
union of all of the materials following the negative number up to either the
end of the list or a non-positive number (0 is otherwise ignored). For the
example we then produce output for 1 material which ig averaged over all the
reactor regions containing either M(1l) or M(2) and with the cross section
appropriate to each region.

As a further example we may use the data
MREG 1,2,-3=1,2,3,4,~4-1,3,0,4
which will produce output for the 5 materials underlined,

(1) Any material not present in the reactor is ignored in the edit
routine so that to obtain data for 1 material appropriate to the
whole reactor we could just as well use say,

MREG =-1=1(1)30,

to actually select out the correct individual materials.



62.

(2) We may need to modify the REG data (Section 5.15.4) in order to
select out isclated regions of the reactor. Should this be so we
may save the original layout.on disk and readily restore when
required (Section 5.15.5).

(3) The array used to store MREG data (MATS, an equivalent keyword) is
DIMENSIONed MATS (MAXN). The PRELUDE default value for MAXN is 50
{Section 5.6) and this should be increased for excessively long MREG
ligts.

5.24.3 MXS, cross section correspondence

For some applications we may need to use the data MXS = I;, Isz,... IJ
(7 = max i for materials M({i} of MREG data) to give a correspondence of actual
materials M{i) filling the reactor with materials M(Ii) giving cross sections
to be used. For example the data

MREG 2,1,-3=1,2

MXS 5,6

will result in output for 3 materials. The 1lst will be for regions filled with
M(2) but with cross sections of M({6) used instead of M(2), the 2nd will be for
regions filled with M(l) but using cross sections of M(5) and the 3rd will be
for the union of the regions filled for M(1l) and M({2) but with c¢ross sections
of M(5) and M(6) used respectively. The default value of the vector MXS is
MXS=1,2,3,...

and simple edit calculations will not require this to be changed.

As an example say we are considering anOD reactor filled with M(l). 1In
order to obtain output for materials M(2), M(3) ... collapsed using the reactor
gpectrum we could use the data:
éTART
GROUPS ...

MREG 1

EDIT ...

5.24.4 EDIT, initiates the edit calculation

The required edit options are specified with the EDIT data thus ...
EDIT 1,m,n,p
where 1(>0) is an identifying number for output,
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= no data produced

m indicates the required output

0

1 = reaction rate
2 = cross section
3

= both

g-ve = data prepared in core
n indicates the destination for output {0 = no data prepared

+ve = unit number for output

0 = FLX (default option)

p indicates the weighting spectrum and = FLX and ADJOINT weighting

{ (FSCE array, Section 5.,18) -

is normally not specified
if MAXF~(Q then ﬁz weighting

\ is obtained

With data produced in core (n<0) then provided m # 2 cross sections for all
the materials on the MREG card are replaced. For example using
MREG 1,2,-3=4,5
then data for M(1), M{(2) and M(3) are replaced in core except that the replace-
ment is interpreted via the MXS array (previous Section). Continuing the
example, with the additional data
MXS 11,12,13,14,15
then data for M(11), M(12) and M(13) are replaced rather than M(1l), M(2) and
M(3). In addition the fission spectrum, SP, is collapsed and NG is set to the
collapsed number of groups when n=-2 is used. (Then we could obviously not
carry out any further editing and for any subsequent calculation we would need
to force regeneration of a trial flux solution using the data
FLX=0., before the next START card - Section 5.23.)

The various quantities produced as output are based on the following
formulae. We use an imagined continuous spatial representation (rather than
the finite difference form used in POW) in order to simplify the presentation.

Let us define

(0,8,8%) (M,G'"G) = L z o({r,g'*g) # (r,g') @* (r,g} dr
g'eG' geG M - - ~ -

and (o,#,2*) (M,G') = X [ o(x,g') # (xr,g') @g* (x,g') dr ,
g'eG' J,, ~ ~ - -

where on the left G' and G represent collapsed group numbers and on the right
they represent sets of numbers of groups to he collapsed, M designates a region

of the reactor and the remaining notation is clear. For example
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volume flux (M,G)=(1,%,1) (M,G)
When only flux weighting is specified we take @*=1 in the formulae below.
We then have the following ...
(i) additional reactions
RR(M,G'}=(0,#,0*%) (M,G") (reaction rate)
XS(M,G'}=RR{M,G')/(1,2,0%) (4,G"), {cross section)
and the above holds for all reactions,

(ii) transport

' 2
'y = 1y 12 T {(llgrﬂ*) M,g )}
(TR)RR{M,G') = {(1,8,8*) (M,G")}*/ g'EG.[(ctr'g'g*) iy |

(iii) removal and scattering

{REM) RR (M,G"')

(OB O0,C1) = T (0,,88%,1) (4,6'2%)

(i.e. absorption)

+ I (0 ,8,8% (M,G'G) - (0_,0,0%) (M,G'G')
G 5

(1.e. outscatters)

(SYRR(M,G'*G)
n # 0}

(0_.#,0*) (M,G'7G) , G # G' (also G = G' for P, data,

(SYRR(M,G'+G")= - {g (0,0p*,1) (M,6'7G) - (0_,8,0%) (M,6'G")} for
perturbation theory data)

= 0 (for in-core P, data)
and,

(iv) fission emission (o(x,g'+g) = Vo - (r) xg)
(VF)RR(M,G') = L (Vﬁf:ﬂrX¢*) (M,G'=G)
G

where ) denotes the normalised fission spectrum (g Xg = 1) and undefined
summation is taken over all groups. When adjoint weighting is used, we obtain
& region dependent fission spectrum

X{M,6) = Z| (Vo ,@,X8*) (M,6'+G)/ E' I (vo_,2,xg%) (M,G'G)

G G' G

however the spectrum

x(G6) = x(a,6),
where A denotes all of the reactor, should be used in subsegquent calculation
with POW. We force calculation of the above spectrum by defining a region
consisting of all the reactor (say, MREG -1=1,2,3) and this region should be
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the last defined since the last calculated spectrum will be used if CARD, AUS
or core libraries are reqﬁiréd.

As an example of a region edit say we require print out of a 4-group
region edit of reaction rates for all materials, including a mixture of all
materials, in the MOATA calculation of Section 5.3. We would use the edit data:
GROUPS 4 1,1(1)4
MREG 1,2,3,-1=1,2,3
EDIT 1,13

5.24.5 WRITE LIB, RAUS XSLIB creation

Ag part of the AUS scheme requirement POW can both read and write AUS cross
section libraries. The libraries read (Section 5.9.4) may contain tabular
resonance shielded cross sections, however the libraries written can only con-
tain shielding for one composition. A library is created from data held in
core (perhaps prepared with EDIT 1,2, -2 - previous Section).

The data required for the AUS XSLIB creation is the following:

MREG i,,1,,... '
WRITE name LIB ON unit, extra
where

iy+i34... are the numbers of the required materials {(~ve numbers and 0O

are not permitted with this application),

name is the usér's choice of name for the liprary (however CARD is

not permitted - see Note (4)),

unit is the FORTRAN unit number for the library, usually 10, and

extra is the FORTRAN unit number of the library from which the

original data was derived if we want group energy boundaries,
burn up information etc. (Note (3)) to be passed to the newly
created library, or 0 (the default value) if the feature is not
required,

Notes:

{1) If data for P,,P2,..., scattering matrices is held in core (Section

5.10) then we do not specify these pseudo materials on the MREG card
as single material data for AUS includes Po' Pi1,... scattering. (iIf
we do not want P,,P2,... data we simply change the names of the pseudo
materials from DITTO to something else.)

(2) If we require the library to contain averaged group velocities, vg

(particularly for kinetic studies) we must
(i) have extracted the data from a 1ibra£y, in the form of cross
section data for INV455B, Section 5.9.1
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(ii) have averaged INV455B data over the reactor spectrum if a
group collapse is involved.

The material number corresponding to IVN455B should not appear on the

MREG card unless the data is also required in the body of the cross

section part of the library.

{3) Using the 'extra' feature above we use a correspondence of cross
section data for M(i) with burn up information for a material with
library name corresponding to M(Ii) set with MXS data (Section 5.24.3),.
For normal use Ii=i and the names of the materials to be created also
identify materials in the 'extra' library.

(4) For compatability with the data
READ CARD LIB ON 7,1 (Section 5.8)
the data
WRITE CARD LIB ON 7,0
is equivalent to
EDIT 99,2 7,0

5.25 Perturbation EDIT

Perturbation analysis provides a formula for calculating the change in
effective multiplication 8k, resulting from slight changes (perturbations)
to cross sections of materials constituting the reactor. Indeed for not so
small changes, we may calculate 8k simply by carrying out two normal calcula=
tions (CALC=REAL, EIGENV); one with normal data and the second with perturbed
data., This approach is adequate when 0k is much greaﬁer than the accuracy
requested {(ACCLAM, Section 5.21.1) and only a few cases are to be studied.

For small perturbations however (§k of the order of say 10_5) or when many
cases are to be studied the perturbation analysis approach discussed here is
necessary.

Central to perturbation analysis is having available the REAL and ADJOINT
flux for the unperturbed system. We collapse the system under study to one
material (over the whole reactor) and one group (from all groups). Except for
the leakage term this collapse is straight forward. Before we continue with
the perturbation edit proper we elaborate further on this leakage term{and in
more general context).

3.25,1 Group dependent leakage from each region

Earlier (Section 5.13) we introduced the way DB? leakage could be added to
the removal cross section to represent leakage for directions not in¢luded in
the calculation in hand. For the MOATA calculation for example (Section 5.3)

an axial buckling of
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B? = 0.00184
was required and this was entered as the data
BSQ(0) 1,2,3 1,2,3 3*0,00184
which modified the removal cross section of all materials (1,2 and 3) constitu-
ting the reactor.

A more precise way to approximate leakage not accounted for in the current
calculation (when the data is available!) is to use a group dependent buckling
for each material B;(m). We may enter this data for use by POW thus ...

GBSQ ((B;(m), g=1,2,...,MAXG) , m=1,2,...,MAXM).
With the data
BSQ (additional reaction number) =

{set L of material numbers to have leakage addedl},

{set M of material numbers for required transport cross sectionsl,

{set N of required bucklings, B?},

POW uses the extended interpretation from our earlier work (Section 5.13)

if B%=0 for the xth element of set N

then B; {m{k)) is u::d instead,

where m(k) is the k~ element of set M
For example if MAXG=4 and MAXM=4 then the data (given in the indicated order
and immediately following each other)

GBSQ 4*0,,1,2-2,0.72-3,0.11-3,-0.23-3,8%*0.

BSQ(3) 2 2 0.

would result in the generation of a 3rd additional reaction for material 2,

0 \eacs, (2} = B; (2)/(30,‘:3:,g (2)), g=1,2,...,NG {(which may be less than MAXG).
If this were the whole story the feature would hardly be worthwhile., However
POW itself can calculate the group dependent bucklings for each material
constituting the reactor following a flux (and possibly adjoint) calculation
(and this is why we have deferred consideration of the feature until now).

The requirement for POW generation of group dependent bucklings is
indicated with a short list of data thus
GBSO %,

0 - flux (@) weighting only (adjoint flux, @*, set to 1 in equation
below) '
where £ = l - @ and @* weighting as for region EDIT, Section 5,24.4 and this is
the required option for perturbation analysis.

POW calculates (in a finite difference formulation)

2 1y — [ * V. ]
Bg(m ) 3ctr,g(m {)g ﬁg v Dn,g(m y v ﬁg dV/M ﬂgﬂ; av,
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where
is all of the reactor filled by material m,
m’ = MXS(m), i.e. we may use the cross sections of another material
{Section 5.24.3) although normally m'=m, and
Dn,g(m‘) denotes the possibly directional diffusion coefficients of

material m' (Section 5.8.3).
Considering further the example above we may use instead the data
... START GBSQ O BSQ{3) 2 2 0 ...
5.25.2 Perturbation analysis

Using the GBSQ 1 feature of the previous Section we may enter the leakage

cross section

2 = - * *
B2 (m)/ (30, _(m) gy V.o, ) Vg aV/fM p g% av

M
as an additional reaction for each material constituting the reactor. The

leakage reaction rate

AK)RR(M,G') = - L .)r * V. . Vg, av
(LEAK) RR ( ) gres’ n ﬂg Dn'g {(m) ﬂg

is hence calculated by a region edit in the same way aé any other additional
reaction (Section 5.24.4). The expression we seek for the change in effective
multiplication consequent to a perturbation of cross sections - readily
obtained by considering
(i) the REAL equation with unperturbed cross sections,
(ii) the ADJCINT equation with perturbed cross sections (designated by a
prime), and
(iii) with the ADJOINT flux approximated by the unperturbed values -

is then
%‘-‘- = {(COMP)RR' (A,1) - (COMP)RR(a,1)} k/(VF)RR(A,1)
where
{(VF)RR'(A,1)
(COMP)RR' (3,1} = =

+ (S)RR'(a,1*1) - (REM)RR'(A,l) - (LERX)RR'(a,l)
with the prime dropped for {COMP)RR({A,1l),
A designates-all of the reactor, and
1 designates the one group obtained from collapsing all groups.
All of the component terms of the above expression may be produced by a region

edit (Section 5.24) using a one material {(all the reactor considered) one
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group (all the groups collapsed) option. Even so in order to avoid unnecessary
roundoff errors (as the reaction rates are only printed to single precision
accuracy although they are calculated to double precision accuracy) and to save
the user unnecessary arithmetic, an automated way of carrying out the computa-
tion is available as described in the next Section,
EDIT O,...

5.25.3 Autcmated perturbation EDIT (lst word 0)

5.25,3.1 General material replacement

In order to simplify the data requirement for a standard type region edit
we may simply follow a calculation (START) with the Keyword
EDIT (= EbDIT 0,1,0,0)
which will generate input for region edit data (on FORTRAN unit 7) for an all
reactor (A) 1 group edit. 1In addition the component terms of (COMP)RR(A,1)}
are printed. The same feature may also be used for a perturbation edit which
prints the component terms of 8k/k. For either requirement we use the data ...

EDIT O,m,n,p

where
1 = unperturbed (default)
m indicates the data type 2 = perturbed
n indicates an additional reaction number for the storage of DgB; lea-
kage (Section 5.25.1) or 0 (default) if leakage is to be ignored,
and
P indicates the weighting spec- 0 = FLX (default)
trum and must be 1 for a = FLX and ADJOINT weighting as
perturbation edit for a region edit,
Should data exist for a material INV455B (Section 5.9.1) then 10 ° o

_ remg
{i.e. 1/vg with vg expressed in units of cm sec ') is always stored as

additional reaction n+l for calculation of prompt neutron lifetime in seconds,
%, of the unperturbed system (and then MAXS (Section 5.6) Zn+l for storage of
the data). The calculation uses

¥ = (ADD.REAC.n+1)RR(A,1) k/(UF)RR(A,1) .

As an additional feature when studying (X,Y) geometry systems with axial
(2) leakage added, it is possible to attribute axial leakage correctly to a
gross leakage term rather than to have it unidentified as part of absorption.
For this situation we take n-ve in the above, then

|n' indicates an additional reaction number for POW storage of (X,Y)

D Bz,.and
[n|-1 is the reaction number where the user has stored axial (z) DgB; in

addition to the same quantity being added to the removals.
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Here, for example, say we have 3 materials filling the reactor then we might
use the data

BsQ(1) 1,2,3 1,2,3 3*%0.0018B4

followed by

BS@(~1) (and no more data)

which causes the removals to also be updated similarly (Section 5.13). Later
we would use n=-2 as part of our automated perturbation edit.

As an example of the use of the present feature we extend the MOATA
calculation of Section 5.3 to include calculation of 8k for perturbations of the
basic cross sections.

//JPPMOATA JOB...

éRELUDE...MAxM=4,MAXF=1 END

éSQ(l) 1,2,3 1,2,3 3*0,00184 BSQ(-1)

START

CALC=ADJOINT START EDIT 0,1,-2,1

XSD FUEL350 M(4)

... perturbed cross section data supplied and then leakage added
BSQ(l) 4 4 0.00184 BSQ(-1)

MXS 4,2,3 (M(4) data is used for regions filled by M(1l), Section 5.24.3)
EDIT 0,2,-2,1 '

XSD C350 M(4)

.+ perturbed cross section data supplied and then leakage added
BSQ(l) 4 4 0.00184 BSQ(-1)

MX$ 1,2,4 EDIT 0,2,-2,1

etc.

A user intent simply on obtaining an idea of the sensitivity of the
reactor calculation to particular cross sections may modify cross sections
using the feature described in Section 5.11 and may otherwise proceed with
a perturbation study as in the example above.

5.25.3.2 Detector response

When a specific type of edit is required associated with small reactivity
effects (Sk/k < 10"%) of a detector material to be taken over different parts
of the reactor the preceding feature proves to be inadequate as Sk/k is
calculated from the differences of the unperturbed and perturbed system. Here
a feature is made available to work directly with the cross section changes
associated with effectively adding a detector to the material filling a single
region mesh cell. The same type of EDIT O data must be supplied as in the

previous Section along with additional data that also supplies information for
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the generation of the data perturbation. We have
AEDIT i,j,m'=m,a,(f) (AEDIT O is default for EDIT O as in Section 5.25.3.1)
where

the material m" filling the single REGion mesh cell at i,j (Section

5.15.4) has effectively added to it the perturbed material m' (a spare

cross section location) made up of (102*a) atoms of the required detector

m in the reactor segment being considered, and

the optimal data =1 forces the printing of a REGion layout picture not

normally printed (default £=0),

Here previous data held in m' is lost and m' must not appear anywhere in a
REGion filling the reactor. The perturbed data is made up thus...
concentration, c=a/(volume of cell at i,3j)

cross sections, ¢(m')=cO(m) is stored, §0=0(m') is used

diffusion ccefficients, Dn(m')=Dn(m)/c is stored, GDn=D;(m")/Dn(m') is

used, and

dk/k per (10**a) atoms per reactor segment is printed as a result of the

calculation along with component terms. Note that, for example, if the

reactor segment being considered is % of the entire reactor as a reflec-
tive boundary condition is used we then have %0k/k as the reactivity
effect per (10%%a) atoms for the entire reactor.

Considering our earlier MOATA example (Sections 5.3 and 5.25,3.1) say the
detector required for comparison of reactivities at the centre and edge of the
fuel is M(4) (with data to be stored in M(5)) then we could use the data
éALCﬂADJOINT START EDIT 0,1,-2,1
AEDIT 9,3,5=4,1.-6 EDIT 0,2,-2,1
AEDIT 7,5,5=4,1.-6 EDIT 0,2,-2,1

5.26 Point EDIT (lst Word =-ve)

For the point edit mode a map of reaction rates of materials is produced
on the printer in the same style as a detailed flux map. The option uses
similar data keywords to the region edit (Section 5.24) except that the data
may be slightly differently interpreted. The data keywords are

(1) GROUPS... interpreted the same as before

{2) MREG... regions to be included in map
{(3) MxS... interpreted the same as before
{4) PLOT... this data must be supplied for each use

(5} EDIT...

5.26.1 GROUPS, collapsed group structure

With the point edit option we always obtain an entire map of a selected

reaction rate (chosen with the EDIT card) for boxes about the points of
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intersection of mesh lines for the collapsed groups indicated with the GROUPS
card (interpreted the same as before, Section 5.24.1).

5.26.2 MREG, material regions

In the calculation of reaction rates a cross section is only included if
the corresponding material is indicated on the MREG card. We may thus map
out the reaction rates of material 1 for all regions containing the material
using the data
MREG 1
Outside of the region filled by M(l) we would have zero reaction rates. We
may however have reaction rates printed for a region which is the union of
regions filled by M{1l) and M(2) using the data
MREG =~3=1,2
Also several items may be given on the one card as for the region edit,

5.26.3 MXS, cross section correspondence

As for the region option we may select a region on the basis of whether the
material number for the material £illing the region is given on the MREG card,
but then we may substitute the cross section for a different material as
implied with MXS data. For example if we uze the data
MREG 2,1
MXS 5,6
then the cross sections of M(5) are used instead of M(1l) and the cross sections
of M(6) are used instead of M(2).

5.26.4 PLOT, E;ptting specification

Along with a print out of flux or reaction rate we may obtain plots of
corresponding quantities on the CALCOMP plotter connected to the site IBM360/50
through a PDP9/L (Richardson 1971). The types of plot available are

(i) fG(x,y) against x or y (XYPLOT, B.E. Clancy and G.D. Trimble, AAEC

unpublished report), orx

(ii) fG(x,y) against x and y {(contour XYCONT, B.E. Clancy and G.D. Trimble,

AAEC unpublished report and 2D PUREJOY, Kubert et al. 1968)
where G denotes collapsed groups. The plotting requirement is set with the
data
PIOT p;, P2s-..,0 {(terminating data indication)
where p, makes the basic plot selection thus...
0 , ne plot (default)

) : X plot
le,| =

[ V]

+ Y plot
3 , contour and 2D plot
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and if P, < 0, printed output is not produced, only a plot.

Note:

(1)

(2)

When any plotting is required we must remember to provide additional
JCL {Section 5.5) thus

//JPPMOATA JOB...

7/ CLASS=J,...

// EXEC BUFFPROG,PRG=AEPLOT - insert this card -

// EXEC AUS

On exit from the point edit in hand POW sets ;=0 in order that
subsequent accidental production of unwanted graphs may be thereby
avoided. We must thus supply new PLOT data with every plot require-~
ment, or we must at least restore the erased p; data thus

PLOT p; {and the remainder of the previous list is used).

We now look more closely at the available options.

(i)

The XYPLOT option uses the remainder of PLOT data in the following
way. The p's designate selected lines for plotting parallel to the

chosen axis and must be ordered
Pi_l < pi < Pi+l ' i= 3,4,-..

Each plot produced consists of data for 1 line and all collapsed
groups (plotted with different types of lines). For example to plot
the thermal flux for the MOATA example (Section 5.3) rarallel to the
x axis for 2 lines, {(a) along the axis, and (b) on the edge of the
FUEL we would use the data
GROUPS 1 4,4
MREG -1=1,2,3
PLOT 1l 1,6,0
EDIT -1,0,0,0 ({(as described in the next Section).
(Plot (a) obtained from the above is reproduced as Figure 1.}

The user may change the physical size and mode of plotting using
the additiona) data
XYPLT x,y
where

|x| = x size of required grid in inches ( |x| < 100)

!y| = y size of required grid in inches
and the sign of x and y determines the mode of plotting,

+ = log scale, and

- = linear scale.
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The default data is

XypLT -12,8

The PUREJOY option for the simplest mode of use would consist of the
data

PLOT +3,p,,0

where pz is the viewing angle {(in degrees) measured in an anticlock-
wise direction from the x axis. If however we require plots of part
of the reactor, or a number of plots at different viewing angles, we

need to supply 5 values of p for each plot. For the kth plot we would

have
Pgpoq = viewing angle
Py o = from this x mesh line (1 for the axis)
Pey 1 = to this x mesh line (NYM for the boundary)
Pg = from this y mesh line (1 for the axis)

= to this y mesh line (NXM for the boundary)
except that the last 4 numbers may be 4*-1 for the whole

Prr+1

reactor.

Again we use an extension of the MOATA example (Section 5.3).
Say we want an x,y plot of the thermal flux. We would simply use the
data
GROUPS 1 4,4
MREG ~-1=1,2,3
PLOT 3,120,0
EpPIT -1,0,0,0 (as described in the next Section).
{The PUREJOY plot obtained from the above is reproduced as Figure 3
and a corresponding contour plot is given as Figure 2.)

The user may change details of the PUREJOY plot, particularly
the box containing the plot, using the additional data.
PUREJY X,, XpseespXg

where
x; = size of y direction of contour plot in inches {default =9)
= if x;=0 then a contour plot is not produced,
x, = factor forcing interpolation in x direction (default 2 and

MAXX
XZQV/B_-I-&-}-{—M-)

- if x2=0 then a PUREJOY plot is not produced,

x, = factor forcing interpolation in y direction (default 2 and
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/=~ MAXY
= ———
X3 < /8 NYM

x, = horizontal size of frame for PUREJOY plot in inches
{default 10},
X5 = vertical size of frame for PUREJOY plot in inches (default
10),
x, = box factor (default 0.7) such that the height of the box
= max (X,Y¥) *x; where X and Y are the lengths of the
sides of the box,
x_ = height factor such that the viewer's eyes are at the height
= X, X; max (X,Y) (default 0.8), and
x, = radius of viewing position (r) in terms of % the length of

the diagonal (default 3}, i.e. r = x, (& /x!+Y!) .

/glot fits in this box

-

Here L = max (X,Y)

and 9= viewing angle.

$.26.5 EDIT, initiates the edit calculation

The required edit options are specified with the EDIT data thus...
EDIT £,m,n,p

where
L{<0) is an identifying number for output,
+ve indicates the required additional reaction number
m{0 specifies absorption (removals - ocutscatters)
-ve indicates that reaction -m is required (e.g. -3 for fission

emission),
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the weighting flux option is set with

0= flux only (@ if p=0, 2g* if p=1)

1= reaction rate

2= reaction rate with weighting factor FERk (the fission energy

release) ~ for a power map

3= reaction rate with weighting factor of WSEAk {the user's array)
_f= reaction rate with weighting factor of WSEAg+(k-1)MAXG’ and
0 = FLX (default option)

P indicates the weighting spectrum 1 = FLX and ADJOINT weighting as

and is normally not specified for region edit, Section 5.24.4

with k being the material number of the actual cross section used (after
interpretation via the MXS, and

g an index for energy group (of the original set).
As an additional, but important, option reaction rates may be calculated per
unit volume (the usual choice) by setting n=-n', where n' is an entry in the
above list.

As a simple example say we want print out of the (collapsed) flux. We
would simply use the data
GROUPS ...
MREG -1=1,2,...
EDIT -1,0,0,0

5.27 Possible User Written Subroutines

Using the temporary update feature (Section 5.5) a user may supply
additional FORTRAN coding for the user subroutines
SUB4,SUBS,...,SUB9,UEDIT
The subroutines SUBn may be used for specialised criticality SEARCHes (Section
5.17), however the manner of inclusion for this use will not be considered
here. We may, however, call in the SUBn subroutines with the data (supplied
as part of normal POW card input)

CALL SUB9 , for example.

The subroutines may be written then for pre-~editing or post-editing a flux
calculation. On the other hand the subroutine UEDIT may be called during, or
at the termination of a calculation - set with the data

OUTPUT PRINT,...,UEDIT (Section 5.,22)

Here we will be content to provide some skeleton ideas for writing these
subroutines using the following simple example. Considering the MOATA calcu-
lation again (Section 5.3) say we want to print the thermal flux at point
(9,3) after each ocuter iteration. We would supply the data indicated below.
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Note: Every subroutine must have a side entry for variable 'COMMON' of
POW and we obtain all COMMON data using a special update programme
which inserts the required FORTRAN statements with the data, for
example,
CINSERT COMMON ENTRY SSUBRS
//JPPMOATA JOB ...
// CLASS=J,TIME=10
// EXEC POW,POW="'&&POW' ,GO=0
//FORT.SYSIN DD *
SUBROUTINE UEDIT
c PRIﬁTS THERMAL FLUX AT POINT (9,3)
CINSERT COMMON ENTRY SUEDIT -~ this inserts COMMON and variable
WRITE(3,1)FLX(9,3,4,1) dimension setting side entry SUEDIT
1 FORMAT('QFLX(9,3,4,1)=',1PE15.6/)
RETURN
END
/*
// EXEC AUS,POW='&&POW'
éRELUDE +«+. PRINT END ~ PRINT forces listing of address table
(:)UTPUT DATA PRINT UEDIT
IO0UT 0 0 1
START
éTOP
/*
//
5.28 Termination Data

In the Section on PRELUDE data (5.6) we were introduced to the termination
data

(i) END, and

(ii) sTOP
Here we simply reiterate what was said earlier.
(i) END occurring somewhere in the data (other than at the termination of
PRELUDE data itself) causes ceasation of the present calculation. A new
PRELUDE is assumed to follow and a completely independent calculation may be
undertaken.
(ii) STOP occurring somewhere in the data causes POW to exit (that is to return
to the AUSYS control programme if run under AUS or to the operating system if
run stand alone). STOP is thus effectively equivalent to an end of file on
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the input unit (1). The main advantage of having a gpecial code detectable
termination keyword is that we may simply move the STOP card around in a deck
when only a partial run is required. The cards after STOP are ignored, however
they are left undisturbed for future restoration of the original run.

6. POW KINETICS DATA

6.1 Introduction

In Section 2 we were introduced to the kinetics equations solved by POW.
The usual kinetics study starts with a steady state calculation first. Data
needed for this calculation was detailed in Section 5 and we also met some
neutron reaction data required for a kinetics calculation proper (Section
5.8.5 to Section 5.8.10) as well as data required to specify the intention of
pursuing a KINETICS CRLCULATION, Section 5.16.

A steady state consists of the initial conditions

=0, s—= 0, Sg = 0, t €0 for all groups,

however the POW flux normalisation is somewhat arbitrary (to a total fission
source of unity) and, prior to starting the time dependent part of the calcu-~

lation, the code (usually) applies the normalisation

2 f Gfg. ﬂg. dv = P, given power for t=0,
reactor

gl
where
£ is the fission energy release for each reactor material (FER,
Section 5.8.6}, and
Gfg is the (macroscopic) fission cross section.

An exception arises however, if we are studying a purely time dependent
external source problem (perhaps including fissile material) where the initial

conditions are the shutdown cnes,
ﬁg=0 (POW substitutes instead 10-“0), Ci=0' Sg=0, t < 0 for all groups.

To the code user this exception is achieved simply by not carrying out a steady
state calculation first. (We may however need
FLX=0, Section 5.19,
if other calculations precede the current one.)

The present version of POW calculates the time variation of the flux
following a prescribed pulsed (feedback-free) variation of some, usually
physical, parameter from the sﬁeady state value. Two types of reactivity

variation, A(t), are permitted:
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(1} A(t) may be interpreted the same as X used in a criticality SEARCH

{Section 5.17)

or (2) A(t) may simply weight the effective number of neutrons produced
from fission, A{t) %-instead of the 'actual' 5-.

With a variation of type (1) we may thus carry out physical changes to

(i} wvary concentrations (SUBl),

{ii) vary mesh spacing (SUB2),
or (iii) vary control absorber positions (SUB3).

On the other hand the variation of type (2) (normal for OD calculations) repre-
sents the response of the reactor following an unspecified physical change and
may perhaps be attributable by an astute code user to a real cause.

In addition to a reactivity pulse we may specify a source pulse, that is
we may follow the time variation of the flux following time variation of an
external source (i.e. one not dependent of the neutron flux). Further, both
reactivity and source type pulses are permitted concurrently in the one
calculation, although this feature is probably of little use.

As before we start the main presentation with data required of a sample
run (Section 6.2} for user familiarisation.

Notes:

(1) POW is not recommended for OD calculations. The reason is simply
this - POW concentrates on not slowing down the normal lengthy part
of the kiﬁetics calculation, the point flux solution, and when this
is trivial the overhead on data setting up 1s excessive,

{2) Future developments of POW should concentrate on speeding up of the
kinetics calculation and the inclusion of feedback terms depending
on the needs of reactor studies at the Research Establishment.

6.2 A Sample Run (MOATA)

Here we consider the sample run of Section 5.3 extended to follow the
flux variation resulting from a time pulse of the FUEL thermal absorption cross

section as sketched below

A

cross section, cm” !

ad
0.99 o
a

4

W) 0.1 0.2 t,sec
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The steady state data is the same as before except as indicated.

Notes:

(1) The neutron reaction data is given after the steady state calculation
as we do not provide delayed fission spectrum data different to
prompt.

(2) Only 1 delayed group is considered here although normally we would
use 6 {(with data available from Keepin 1967).

{3) We set up the required data pulse using both the XSD MODIFY feature
(Section 5.11) and the post mixing feature available with the con-
centration SEARCH option (Section 5.17).

//JPPMOATA ...

1/ CLASS=J, TIME=60

éRELUDE .+« ;MAXM=5 ,MAXGD=1,MAXF=1 END

BEFN FUELV M(4)=M(1) 1 = FUEL O without added leakage
BSQ(0) ...

éTART - steady state calculation

* KINETICS DATA FOLLOWS
VEL 1.84+9,7.04+6,5,91+5,2,39+5

IGD=1 - only 1 delayed neutron group

BETAD=6.4-3

DLAMDA=0,08

$D ' - delayed spectrum the same as
prompt

DEFN FUEL M(5)=M(1) 1 - original FUEL with added leakage

XSD MODIFY M({4) - to set up 0.010a4

4*1.-20 _ remaining ¢ to be small

3%],-20,0.01

20%1,-20

SEARCH (~0.01) ~ concentration SEARCH

WSEA 3%0,1,0

DEFN FUEL WSEA M(1)=M(5) 1 M(4) -1 - we have °a4 (M(l))=ca4 (M(5))-
0.01 l0a4 {M{4)) otherwise
o(M(1))=0(M(5))

PULSE(21)=(0,0),(0.1,1),{(0.2,1) - gtraight line segments describing

reactivity pulse
REACP -21,1,0,0
DTS 8,0.,015
CALC=REAL ,KINETICS
ACCLAM=] ,-3,ACCFO=1,-3
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OUTPUT DATA PRINT

IoutT O 1 - print every time step
START

* FOR ASYMPTOTIC REACTIVITY CALCULATION

CALC=REAL,EIGENV

ACCLAM=]1,-4,ACCFO=1.-4 - restore usual accuracies

Iour 0 0 - turn off PRINT (here every outer
otherwise)

SEARCH (0) ~ turn off SEARCH

START -~ steady state calculation with
thermal group

§TOP FUEL absorption cross section of
0.99 04

6.3 The Functional Data Blocks in Brief

The sample run of the previous Section introduced us to the kinetic data
of POW. Here we briefly lock at the functional blocks required to be put
together to carry out a kinetics calculation. All or some of the previously
introduced blocks (Section 5.4) will be needed for the steady state calculation.
Even so we will only emphasise functional blocks introduced earlier that con~
tain new data that is specifically needed for the kinetics calculation proper.
In subsequent Sections we detail the newly introduced functional blocks one by
one,

As a further guide the user is reminded that an index is provided (Section 10).

The functional blocks consist of the following - essentially entered in

indicated order:

PRELUDE data - MAXF,MAXGD and MAXP (Section 5.6),
Card group data - VEL,FER,IGD,BETAD,DLAMDA and SD{i) (Sections 5.8.5-
5.8.10),

Calculation type- CALC = REAL,KINETICS (Section 5.16),

{6.4) Initial power specification - not necessarily required,

(6.5) Time dependent pulses - data for setting up reactivity apd source
pulse descriptions,

(6,6) Time integration step length - may be variable and must be user
specified,

(6.7) Calculation termination data - accuracy (see also Section 5.21),

(6.8) Output requirement specification - to set content of output (see
also Section 5.22),

(6.9) Calculation START ~ may use a flux dump {(RESTART) (see also Section
5.23), and
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(6.10) EDIT data ~ exxentially as before (Sections 5.24.5-5.27).

6.4

Initial Power‘Specification

The initial power is specified with the data
POWER = P,i (default values 0.,0)

where

P

6.5

is the regquired power in watts (per cm for slab geometry), except
that if P=0 no change is made to the existing flux level, and

is an index nominating the additional reaction containing cf
(3 for AUS libraries), which is multiplied by the corresponding
material fission energy release FER (Section 5.8.,6), except that
if i=0 then P{#0) is taken instead to be the required flux level.

Time Dependent Pulses

Neutrons may be injected into a reactor system in the form of pulses of

either, or both, reactivity (say in the form of movement of control absorbers)

or an external source {the emission from which is not dependent on the neutron

flux in the reactor). We build up a pulse description as follows:

(1)

(2)

(3)
Each data

(1)

We describe the type of pulses we required with data following the
keyword PULSE.

We relate reactivity variation with a particular train of pulses
(REACP) .

We relate the external source variation with a train of pulses (SCEP).
item will be desc¢ribed in turn

6.5.1 PULSE description

We generate basic shapes (amplitude p as a function of time t), which
are not necessarily scaled to the eventually required scale, using
straight line segments or special functions as‘detailed later. Each
bagic shape, or combination of shapes, is entered in the form
PULSE(n)=(t,p;)} s (5,05} seees(t ,p )

which describes PULSE type n(21 < n < 40) as consisting of straight
line segments between the points indicated and abviocusly here all

tg, 2=1,2,..,.,m must be non-negative and given in non-descending order.
For example

p(t)

PULSE (21) = (0,0), (0.5,1), (1,1), (1,0)
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Here and elsewhere all pulse types are treated as being cyclic so

that the time used, t', is given as

o

< ' = + - -t1); < < LI
t<t, t t (t tm) mod (tm t1}; t1 £t tm, t t;

> ' + (t- At -
t tm, t t1 (t-t1) mod (tm t1)

which makes the pulse periocdic with period (perhaps as large as)

(tm"tl)- The above example is thus interpreted as...

plt)

and we could well have taken the equivalent more compact definition
PULSE (21)=(0,0},(0.5,1),(1,1)

(ii) We combine basic shapes n' to form a new pulse train n(#n') thus
PULSE(n)=-n',r,(tf.pf):

where for most purposes

(x>0) is the number of required repeats of the basic shape
n',

tf = gcale factor for the time, and

Pe = gcale factor for the amplitude.

Thus if we have
PULSE(n')=(t;,p1), (t2,p2) ..o (t ,p)
then the interpretation for the new pulse train n (r>0) is

PULSE(n)=(tft1,pfpl),(tftz,pfpz),....(tftm,pfpm); (tf(tm+t1);prl)-

(bt +t2),pep2), .00, (tort ,p.D )

For the situation x=0 we take the meaning
tf = amount to be added to the time
Ps = amount to be added to the amplitude

then we have the interpretation

PULSE(n)=(tf+t1,pf+Pl}.(tf+t2;Pf+Pz);---r(tf+tmrpf+Pm)-

We multiply amplitudes of pulse trains using the indicator r<0, where
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n'(#n) is the lst pulse shape and -r(#n) is the 2nd pulse shape, For
this option (tf,pf) must be supplied as data, but the values are
ignored. Thus if we have

PULSE (n')

(ty,p1)y (t2,P3)reees (tm'pr:l)

PULSE (n")

(t1 ,P'].') ' (tz ;Pg) Feaey (tm;Pr';l)

then we have the interpretation, with r=-n",

PULSE(n) = (t,,pipP1),(t;,P3p3) seo vt spIPD) ©

When the times t2 for the two pulse trains do not coincide we use the

elements of both as basis that is

{tz} = {ti} U {tE}

and the values of p' and p" are obtained on the new basis using linear
interpolation (extrapolation is unnecessary since the PULSEs are
cyclic).

The definitions for basic shapes may be given in any order,
however, for combinations the referenced pulse shapes must have been
previously defined as the interpreted meaning is generated by the
code when the definition is encountered. BAny definition may include
both basic shapes and combinations except combinations which would
modify the definition being built up. For example, say we require
3 pulses of the type illustrated in (i) with p(t)=0, t>3 then we could
achieve the required pulse train (n=22) using the data
PULSE(21)=(0,0),(0.5,1),(%,1)

PULSE(22)=-21 3,(1,1) (32,0),(1.E20,0)

however the definition

PULSE (22)=(0,0},(0.5,1),(1,1) -22 3,(1,1) (3,00,(1.E20,0)

would be illegal.

Some standard basic shapes are also avallable, These are identified
with pulse type n'<20. The general structure is a basic FORTRAN

coded form

PULSE(n')=pn,(t)

which must be computed on a designated ordered point set t,, tzv--'rtm
before the shape can be used further (as a table of values rather

than as a function). The required point set is indicated in a special
way with PULSE(0)} thus ...

PULSE(0)=t) sty seenst

We then take
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£Pg)

(the underlined is optional and if not given t =0 and t

==n" . |
PULSE(n)=-n' 0 (ta,pa) n' 1 (¢t

b0
which gives us the interpretation

PULSE(n)=(t1,pl),(tz,pz),...,(tm,pm)
where Py = Pg pn.(tftz + ta) + P,
For example
PULSE(2)=sin 27t
hence if we use the data
PULSE(0}=0, (0.01}1.
PULSE(21)=-2.0,(0,02,0) -2,1,(0.5,0.1)}
we have the interpretation
PULSE(21%0.1 sin(mt + 0.02)
evaluated at t=0,,0.01,...,1.
The presently available standard shapes are listed below.
PULSE (1)=amplitude returned from a user supplied (REAL*4)FUNCTION
PULSE,
P=PULSE(T) (which must be written in the style of the user subroutines,
Section 5.27, with a side entry SPULSE provided for variable
'COMMON ')
PULSE (2)=sin 2Tt
PULSE (3)=cos 27t
PULSE (4) =e*
As a further example say we require the pulse shape,

-0 - Olt
e

p(t) = 0,1 cos 271t,0 S t < 5 , zero otherwise.

We could generate the required data thus

PULSE (0}=0, (0.05) 5. t;=0, t,=0.05,...,t149,=5

PULSE(21)=-3 1,(1,0.1) P21(t) = 0.1 cos 27t

PULSE(22)=-4 1,(~0.01,1) ps2(t) = e-0.0Lt

PULSE(23)=-21 -22, (1,1) P,4(t) = 0.1 & C*%%" (o5 omt' but with

t'=t mod 5 (that is the pulse repeats
again for t<5
PULSE(21}=-23 1,(1,1),(5,0),{1.E20,0) as above but with p»;(t) = 0
for t<5,
Here we emphasise the fact that the PULSE data must all be
contained in the PULS array dimensioned
REAL*4 PULS(2,MAXP) (equivalent to the array IPULS(2,MAXP))
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with MAXP (default value 50) assigned in the user's PRELUDE (Section
8.1,2). The array is used thus...
IPULS (1&2,1)

index for next PULSE entry, length of index table
(default 22)

IPULS (1&2,2) index for PULSE(0) entry, length of compacted PULSE(0)
definition

index for PULSE(2l}, length of PULSE(21) definition
TPULS{1&2,22) = index for PULSE(40), length of PULSE(40) definition
PULS (1&2,23) = lst PULSE used t,, lst PULSE used p;
PULS(iaz,IPULS(l,n-ls)) = PULSE{(n,2l < n < 40)t,, PULSE(n,21 < n <40)p,

PULS (1&2,TPULS (1,2)) = PULSE(O) t,, PULSE(0) t, (or t, if t, is not

IPULS (182,3)

given)
For the preceding example we must thus have at least
MAXP=378 (i.e. 2245) (PULSE(0)} times) +101+101+101+2)
We may save core storage by redefining a PULSE no longer required

even to the extent of providing no data with the definition, for

.example, PULSE (21), or if we reguire the whole table to be cleared

for subseguent use we simply use the data PULSE by itszelf. 2aAn adjust-
ment of length of a definition is automatically made if redefinition
cccurs and the size of the table is adjusted accordingly. (We should
perhaps note that whenever PULSE(n) data is encountered the data for
n goes at the end of the table, even if PULSE(n) is being redefined.)
6.5.2 RERCP, REACtivity Pulse

Reactivity is inserted (or removed) from the reactor under study following

a specified variation of A(t), where A variation is interpreted in the same

way as for a criticality SEARCH (Secticn 5.17) and indeed the same SEARCH data

must be provided (except that if we have SEARCH(0), the default option, the

effective multiplication is adjusted. We may thus

(i)

{(1i)

(iii)

(iv)

{v)

vary concentration of a material constituting part of material £illing
the reactor (SEARCH(-0.0l1)} _

vary the size of indicated regions (SEARCH(~0.02)), or

vary the positions of banks of control absorbers (SEARCH{-0,03)) as a
function of time following a selected PULSE train (Section 6.5.1).

As additional features we may also

vary the effective multiplication (A{t)/k multiplies the fission
emission), or

vary cuantities coded by the user in sUB4,...,SUB9,

Selection of the required reactivity option is made with the data
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REACP n, r,, ¥y, r, (default values 0,1.,1.,0.)

where
—|n| designates a PULSE train, except that zero implies that forced
reactivity variation is not required, and
= (% +
with B* = |1 if n<0
B, the total delayed neutron fraction, if n>0
and,
A = eigenvalue from previous steady state calculation (for control

absorber SEARCH),

We should note that when a criticality SEARCH is carried out the eigenvalue
multiplying say the concentration (SEARRCH(-0,0l)) or the mesh widths
(SEARCH(~-0.02)} is absorbed into data held in core. (That is before a criti-
cality SEARCH we have A=l and if after a SEARCH A=2 then the concentration or
mesh widths would be twice the values supplied by the user and ) would start
again at 1 for any subsequent calculation). With the adjustment of control
absorbers, however (SEARCH(-0.03) - Section 5.17), A specifies an absolute
value rather than a relative value and we should note that POW does not
correctly cope with moving fuel regions as the precursors do not move with the
fuel.

The specification of A(t), the reactivity pulse, then becomes clear. For
a pulse about the critical position we require

Alt) = B* rzplnl (t) + 1 (SEARCH(-0.0l} or SEARCH(-0.02))
or A{t) B* rzp'“I (t) + As (SEARCH(-0.03)) (say control absorber moved out

10 cm from critical position)

and for a pulse of a desired physical magnitude (say control abscrber completely

out of the reactor) we require

Alt) = B* rzpln[ (t).

6.5.3 SCEP, fixed external SourCE Pulse

We enter the spatial fixed external source shape and group dependence into
the array FSCE using either direct entry (FSCE) or element entry (FSCEL) as
for a SOURCE calculation - Section 5,18, Selection of the required PULSE train
to be associated with the spatial and group data held in the FSCE array at the
time of encountering the present Keyword is made with the data
SCEP -n (default value is 0)
where n  designates a PULSE train, except that zero implies that an external

source is not recquired.
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In addition to selecting the required PULSE train {(or 0 if not required) the
data held in the FSCE array is written onto disk (FORTRAN unit 12) for ease of
recall when required. During a kinetics calculation the array FSCE contains
all sources in addition to any external source. The time dependent external
source is then given by

8(1,J7,G,t) = FSCE(I,J,G) pn(t).
. disk

As a simple example say we require PULSE train 23 and a centre source
with strength 0.8 in group 1 and 0.2 in group 2 then we could use the data
FSCE 100000*%0 (if this is not the 1lst calculation since kinetics calculations
use FSCE)

FSCEL (1,1,1-2) = 0.8,0.2
SCEP =23
6.6 Time Integration Step Length

For the present version of the code the user must supply the time inte-
gration step lengths, 6t seconds, to be used during the course of the calcula-
tion. The specification is carried out thus...

DTS n,d,T (default values all zero)
-ve selects PULSE (|n|), a train of all +ve amplitudes,
then &t = Plnl (t) 4,

where n = {0 selects PULSE(0) as the set of required t's for the calcula-
tion,
+ve sets Ot=d, T=nd t (if T not given), and

T = time at or beyond which the calculaticn is to terminate. The
calculation also terminates (as an error) if

6t <0 for any time encountered in the calculation (say at the end of

PULSE (0) data).
For example say we require the following time steps
0<t<0.,01 , 6t=5.-3
0.0l <t <0.1, &t =0.05
0.1 st < , &t =0,1

then we could use the data
PULSE(2l) = (0,5.-3),(0.01,5,-3),(0.0%,0.05),(0.1,0.05),(0.1,0.1),(1.E20,0.1)
prs =-21,1,0.3

As a guide in the selection of step length we should attempt to choose &t
so that the power (or flux) does not increase by more than say 20% in the step.

Larger time steps may however be tolerable as the method used is stable.
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6.7 Calculation Termination Data

The calculation termination data is the same as introduced earlier (Sec-~
tion 5.21), however, on account of errors introduced by the (generally large)
time step length the normal accuracy used for neutron balance (ACCLAM=l,-4) and
figsion source (ACCFO=l,-4) are usually warranted. After the steady state
calculation we should perhaps change the accuracies thus
ACCLAM=1.-3 ACCFO=1.-3
which have been found to be usually adegquate. We may also limit the number of
outer (fission source) iterations per time step compared to the code default
value of NOL=100. If the limit is exceeded the code continues with the next
time step. Normally changing NOL is only necessary with OD calculations where
2 iterations are always carried out on account of the way POW assesses conver-
gence. With OD calculations we may thus use
NOL=1
to save some computer time.

6.8 Output Requirement Specification

The same type of OUTPUT is possible with a kinetics calculation as for a
steady state calculation (Section 5.22). with the kinetics calculation however,
unless otherwise set, OUTPUT is not produced after each convergence of the flux
(that is every time step) but only if the specific kinetics time limit or
computer run time limit is exceeded. We may however produce intermediate
QUTPUT after every so many time steps. For example with
QUTPUT DATA PRINT FLUX
IouT 0 5 10
we would obtain PRINTed flux OUTPUT for time steps 5,10,15,... and the final
step and RESTARTable FLUX QUTPUT on disk for time steps 10,20,30,... and the
final step.

In order to understand a flux dump the user should note that volume
integrated precursor concentrations are stored (at least during part of the
calculation) as if they were flux for additional groups gNG+i’ i=1,2,...,IGD
(and the additional groups may be forced to PRINT if we use the data underlined
NSD=0,1).

6.9 Calculation START

We start a kinetics calculation with exactly the same data as before,
START or RESTART (Section 5.23).
Note: A flux dump is only produced at the completion of a time step and
hence a RESTART begins for the step following the last completed

time step. We may however begin earlier using the AFTER option
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(Section 5,23), for example
AFTER 2 RESTART

6.10 EDIT Data

We may EDIT data as for a steady state calculation (Sections 5.24-5.27),
that is after the calculation is finished (the specified time limit has been
exceeded) or we may interrupt the calculation by specifying a time limit short
of that ultimately required. After EDITing we may continue the calculation by
simply specifying a time limit further along towards the ultimate time required
aﬁd by using the data
RESTART CONTINUE
which is eguivalent to a RESTART from a disk FLUX Qump except that information
in core is used. Alternatively we may save up a series of FLUX dumps for
different time steps and we may EDIT these after the calculation has finished
(provided any required time dependent data is available) thus
NIL=0 ({(no inner iteration, thereby preventing further computation)
AFTER 1 RESTART EDIT...
AFTER 2 RESTART EDIT...
ﬁIL=1OO (restoring the limit to the number of inner iterations).
7. CONCLUSIONS

The writing of POW was necessary as a module of the AUS scheme and as
such the undertaking has proven to be worthwhile. To what extent the code will
be extended will very much depend on needs of our reactor studies on site,

Future developments of the AUS scheme should include interactive (terminal
oriented) input/output. To what extent POW will directly share in the inter-
active input output is not clear at present.
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APPENDIX A
AUS MODULE ASPECTS OF POW

Al System Aspects

AUS, A modUlar Scheme for reactor neutronics computations, was designed,
and is being eveclved, to undertake general reactor calculations required as
support to the site experimental programme. On account of the developing
nature of the work on AUS, documentation will exist only for local use until
modules, such as POW, are sufficiently stabilised in their growth. The scheme,
unlike some overseas, uses loosely linked reasonably self-contained modules.
The modules may run as stand alone or as part of the AUS scheme, The choice of
this typé of structure arose out of the following considerations...

(1) modules of the GYMER system (Pollard and Robinson 19%69) could be

uged with non-extensive modification,

(2) the scheme could be quickly implemented to a minimal working stage

(3 people were originally involved for about 6 months each), and

(3) the scheme can include borrowed codes without extensive modification

being involved.
Unlike the GYMEA system which relied on programme creation of exact copy card
input data for each module AUS uses some well defined data pools (libraries).
A figure (see p.Ad4) sketches the way 4 of the modules (GYMEAR, Pollard and
Robinson  1969; POW, this report; WDSN, Francescon 1963; ICPP, Doherty
1969} are coupled together along with required data pools.

The POW default coupling of FORTRAN units (e.g. 1) to disk data sets
(e.g. DD2) is the following...

LINK POW
(1,DD2), card input follows *DD2 card
(2,pp12), card punch output
(3,DD13), printer output
{4,DD57), gCOMMON and standard POW data
(5,0p21), SCRATCH for coefficient matrix (if insufficient core and kinetics)
(6,DD35), GEOM data (READ REG)
{(7,DD14), SCRATCH for alternate card input or output (READ CARD LIB)} -
also used by EDIT O
{8,DpD31), Hansen-Roach (or ABEN) library
(9,DD36) , FLUX dump (FL1)

{10,DD33), temporary XSLIB (XSl)
(11,pD34), temporary XSLIB (XS2)
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{12,DD22), SCRATCH for external socurce (kinetics)
{13,DD23), SCRATCH for precursor concentrations (kinetics)
(14,DD24), SCRATCH for all XS (kinetics)

{15,DD25}, SCRATCH for fission source (kinetics)

{le,DD98), durmy data set used with EDIT O
(REPLOT,DD11) plotter output
A POW user may for example require the card punch output to be switched to

temporary data set DD20. He would enter the required path statement {written
in the FOREX language, Robinson 1968) thus
*DD1
STEp *

LINK POW (2,DD20)

END
STOP
*DD2
PRELUDE...
which as an example in no way indicates the dynamic path selection possible
with AUSYS (an AELINK, Mason and Richardson 1969, control programme).
A2 Datapool Aspects

Datapools of the AUS system are simple structured sequential disk data
sets which can normally be read using FORTRAN. The XSLIB, however, is specially
compacted for easy skipping of materials and special AUS routines are necessary
te unbuffer the data. The special routines can also filter out data not inter-
preted by some modules. As far ags a POW user is concerned the main interest
here would be in the cross section library (XSLIB) and then probably only in
the reaction cross sections available.

In addition to scattering matrices (PO,PI,...), for each group and poten-
tial scattering cross section a material can have up to 20 reactlon entries
(mostly cross sections) of which the first 10 are dedicated to the following
reactions...

1. Gtr » transport cross section,

2 ~0 ¢ absorption cross section,

~V , fission emission cross section,
+ potential scattering cross section,
total cross section,
fission cross section,

b1 * lst burnup reaction, usually 0, radiocactive capture

Y

W N O b W
2
Q aQ a Qq &

2nd burnup reaction,
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2 . Dr ;, ¥ direction anisotropic diffusion coefficient, and
10 -~ Dz ; 2 direction anisotropic diffusion coefficient. .

Reactions 1 to 3 are required as standard data for POW. Up to MAXS (PRELﬂDE

data, Section 5.6) additional reactions are stored in core thus...

%1% %,

drz - Otot,

O3 = %,

%4 = %,

C[r5 N GbZ,

0r6 = 11lth entfy,

0r7 = 12th entry, etc.,

and if Dr and Dz are available they are entered into the appropriate POW data
array (DCX(i) and DCY{i), Section 5.8.3).

Note: With a resonance tabular library we must have MAXS = 2, .
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Operating System (0S5}

IBM 360/50

HASP or MVT

Card Readable
Inputs (1)

Qutputs (0}

lAUS cat. procedure‘

//GO.SYSIN DD #*

MODULES

GYMEA

2 region resonanc
OD diffusion and
burnup

J

FTOLFOOL, ...

POW

2 region resonanc
0,142D diffusion

=

FTOLFOO1, ...

WDSN
1D transport, Sn

FTOLFOOL, ...

——

ICPP
1D collision prob

FTOLFOOL, ...

B

»

Data Pools (D)

-

Xs LIB D31
16gp . HANSEN
GEOM [DD35
GM1 temp.
FLUX DD36
FLl temp.
SCRATCH {DD14-DD20
(tempor- fard hmeges(®
ary)
SPECIAL |DD31-DD6O
(dedica- s reqd, |
ted) T

// EXEC AUS
Executes ______u_74;‘~_**“uﬁhb__
DD,
AUSYS
*DDL provides users [avSYS
control path written y
in FOREX (like GYMEA DD2
FORTRAN)} or a lStreqd.module
standard path is
chosen, e.g. underlined 5) VK]
*
//GO.5YSIN DD 2ndreqd.m0dule
*DDL
STEP  PWP *DD4
*DD2 . 3rdreqd.m0dule
*DD5
hthreqd.module
DDI - DDIO I :
/¥ '
DDI1 - DD13 0
= 1 DD13
DD14 ~ DD6O D Line printer
AlSYS
LINKs modules,and /0D12
units to data sets E‘:ard punch
FTO1FO01, ...
DD11 1
Graph plotte
Data Pools (D) Pnp *
5533 | 034 : L_pn59 & DD60 |
S1_ temp. XS2  temp. 127 gp.GYMEA
—_—— mon~standard
libraries
S & SCAT
Legend
FTOLFOCl denctes FORTRAN unit 1
DD31 denotes disk data set 31
DD21-DD30
bera{Bs) *DbD1 denotes that DDl data
following
An example of a path element is
LINK POW (1,DD2),...

A SKETCH OF THE COUPLING OF SOME AUS MODULES AND DATA POOLS




APPENDIX B
26 GROUP ABBN XSLIB

The well known Russian cross section set (Bondarenko et al. 1964) is
available as an AUS library and may be obtained on POW's FORTRAN unit 8 by
using:

// EXEC AUS,LIB=ABBN
Data in the library is for three temperatures (300, 900, 2100 K) and cross

sections for various materials are shown in Table Bl.

TABLE Bl
ABBN DATA SET

No. | Mat, Jo Range Temps. | Scat.*
1| = - 1 2
2 | o - 1 2
3 {16 - 1 2
4 |17 - 1 2
5 | BE »,10,1,0 1 2
6 | B10 - 1 2
7 | B12 - 1 2
8 | ¢ ©,10,1,0 1 2
9 | N ®,10,1,0 1 2

101} o0 ©,10,1,0 1 2

11 | ma »,10%,10%,10 1 1

12 | MG w,10%,10%,10 1 1

13 | AL »,10%,10%,10,1,0 1 1

14 | s1 - 1 1

15 X ®,10%,10%,10 1 1

16 | ca - 1 1

17 I ©,10%,10%,10 1 1

18 | v «,10%,10%,10 B ] 1
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TABLE Bl (Cont'd.)

No.! Mat,. Co Range Temps.| Scat.*
19 CR «,10%,10,1,0 1 1
20 FE »,102,10,1,0 1 1
21 NI «,10%,10,1,0 1 1
22 cu «,10*,10%,10,0 1 1
23 ZR »,10%,10%,10,0 3 1
24 NB »,10%,10%,10,0 3 1
25 MO «,10%,10%,10,0 3 1
26 Ta |~,10%,10%,10%,10%,10,0 3 1
27 W »,10%,10%,10%,10,0 3 1
28 RE ©,10%,10%,10% 3 1
29 PB ®,10%,10,0 1 1
30 BI «,10%,10%,10,0 1 1
31 | TH232| =,10%,10%,10%,10,0 3 1
32 | wu233 »,10%,10%,10,0 3 1
33 | vu234 »,10%,10"%,10%,10% 3 1
34 | wu2ss w,10%,10%,10,0 3 1
35 | wu236 «,10%,20",10%,102 3 1
36 | u238 | «,10%,10%,10%,10,0 3 1
37 | Pu239 «,10%,10%,10,0 3 1
38 | PU240| «,10%,10%,10%,10%,10% 3 1
39 | pu241 - 1 1
40 | PU242 w,10%,10%,10° 3 1
*Scat. 1 =Py, 2 = Py&P,
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The group boundaries are given in Table B2.

TABLE B2
GROUP BOUNDARIES FOR THE ABBN DATA SET

No. Energy,FE Lethargy,u du
1 10.0 - 6.5 MeV 0.0 - 0.43 ]0.43
2 6.5 - 4,0 MeV 0.43 - 0.92 |0.48
3 4,0 - 2.5 MeV 0.92 « 1.39 |0.48
4 2.5 - 1.4 MeV 1.39 - 1.97 |0.57
5 1.4 - 0.8 MeV 1,97 - 2,52 }0.57
6 0.8 - 0.4 MeV 2,52 - 3.22 |0.69
7 0.4 - 0.2 MeV 3.22 - 3,91 | 0.69
8 0.2 - 0.1 Mev 3.9 - 4.60 | 0.69
9 100. - 46,5 KeV 4,60 - 5,37 |0.77

10 46.5 - 21.5 Kev 5.37 - 6.14 | 0.77

11 21.5 - 10.0 KeVv 6.14 -~ 6.91 |10.77

12 10.0 - 4.65 Kev 6.9L - 7,67 |0.77

13 4,65 =~ 2.15 Kev 7.67 - 8.44 10,77

14 2,15 - 1.0 Kev 8.44 - 9.21 10,77

15 1000. ~ 465, ev 9.21 - 9.98 {0.77

16 465. - 215, ev 9.98 - 10.75 ]0.,77

17 215. - 100. eV 10.75% - 11.51 | 0.77

18 100. - 46.5 ev 11.51 - 12,28 {0.77

19 46,5 - 21.5 ev 12.28 - 13.05 | 0.77

20 21,5 - 10.0 eV 13.05 - 13.82 j0.77

21 10.0 - 4.65 ev 13.82 - 14,58 { 0.77

22 4,65 -~ 2.15 ev 14.58 ~ 15.35 | 0.77

23 2,15 - 1.0 ev 15.35 - 16,12 | 0.77

24 1.0 - 0.465 ev 16.12 - 16.88 | 0,77

25 0.465 - 0.215 ev 16.88 - 17.66 | 0.77

26 0.0253 eV -

Note: Calculations on fast reactor experiments (Robinson, unvublished)
indicate that the fissionable materials are somewhat too reactive.

No adjustments have been made to the library however,
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16 GROUP HANSEN~ROACH XSLIB

The Hansen—~Roach data set (196l1), found to be very reasonably accurate
for fast reactor cxitical mass assessments, is available to POW on FORTRAN
unit 8,

Data in the library is given in Table Cl at one temperature (300 X) and
only two additional reactions (0P and Utot) are available here.

TABLE Cl
HANSEN-ROACH DATA SET

No. [ Mat. | Data Source |Mod. { O, Range Scat.*| Recom. No.
1 H HANSEN ORIG - 1 2
2 | HPOL " " - 2 1
3 D " " - 1 2
4 | pro1 " " - 2 1
5 | LI6 " " - 1 1
6 | 17 " " - 1 1
7 BE " " - 1 1
8 B " " - 1 1
9 1 C " " - 1 1

10 | N " " - 1 1

11 | o " " - 1 1

12 { P " " - 1 1

13 | Na " e - 1 1

14 | AL " " - 1 1

15 CL " " - 1 1

16 | X " " - 1 1

17 CR AEROJET " - 1 1

18 FE HANSEN " - 1 1

19 co " " - 1 1

20 NI " " - 1 1

21 ZR u " - 1 1

22 NB " " - 1 1

23 MO " " - 1 1

24 | op " " - 0 1

25 CE " " - 1 1




cz.

TABLE Cl (Cont'd.)

No. | Mat. | Data Source | Mod.} O, Range Scat * | Recom. No.
26 | T HANSEN ORIG - 1 1
27 | pErO1! EDTISON " - 2 1
28 TH HANSEN " - 1 1
29 | U233 " " 110%2%-20 1 1
30 | u23s " " " 1 1
31 | u23s REVHAN " " 1 2
32 U238 HANSEN " " 1 1
33 | u238 REVHAN " " 1 2
34 | PU239| HANSEN " " 1 1
35 | Pu240 " v 110%%-50 1 1
* Scat. 1l=P,, 2=P) &P,
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The group boundaries are given in Table C2.

TABLE C2
GROUP BOUNDARIES FOR HANSEN-ROACH DATA SET

No. Enexgy,E Lethargy,u Su
1 10.0 - 3.0 MeV o. - 1.203%7 |1.20
2 3.0 ~ 1.4 MeV 1.,20397 - 1.9661l1 |0.76
3 1.4 - 0.9 MeV 1.96611 - 2.40795 | 0.44
4 0.9 - 0.4 MeV 2.40795 - 3,21888 | 0.81
5 0.4 - c.1l MeV 3.21888 - 4.60517 ]1.39
6 100 - 17 kev| 4.60517 - 6.,37713 ]1.77
7 17 - 3 kev] 6.37713 - 8,11173 |1.73
8 3000 - 580 ev 8,11173 - 9.80818 [1.70
9 550 -~ 100 ev 9,80818 - 11.5129 1,70

10 100 - 30 ev 11,5329 - 12.7169 1.20

11 30 - 10 ev 12,7169 - 13.8155 1.10

12 10 - 3 eV 13.8155 =~ 15.0195 1.20

13 3 - 1 av 15.0195 - 16.1181 1.10

14 1l - 0.4 aVv 16,1181 - 17.0344 0.92

15 0.4 - 0.1 ev 17.0344 - 18,4207 1,39

16 0.1 - 0.001 ev 18,4207 - 23, 4,58

Note: The default option for a meterial with more than.one data entry
corresponds to the material with the highest recommendation number.
Thus
XSD U238 M(1) = ¥SD TU238,REVHAN,ORIG M(1l)
(Section 5.9.1)






APPENDIX D
DTAV FREE INPUT AND DUMP ROUTINES

D1 Intreoduction

The use of free format input for neutronics codes is now no longer disputed
even by the hardened FORMAT (6£12.5) 'fans'. For codes like POW requiring
extenzive amounts of data, some of which may be optional, several approaches
have been available for some time. Most of the features of existing xroutines
developed overseas were incorporated into the site SCAN (Bennett and Pollard
1967) so that SCAN could do almost any free input task. The main bugbear with
SCAN is that it requires an extensive driving routine to do even the simplest
job. For example with the data used by XSEDIT (GYMEA report of Pollard and
Robinson 1969)

DATA U235,...
1.23-2,...

DATA U238,...

the underlined keyword not only had to be read and identified but also had to
not be passed over should a short extent of data be given for one nuclide (the
data overrun problem). With GYMEA (Pollard and Robinson 1969) certain keywords
such as

GSCE

also required data following to be stored in an array of the same name. The
POW routines DTAV {(Pollard unpublished) were written as a driver control
routine for SCAN to greatly simplify the identification and storage of data,
thereby easing the task of the programme author (as well as the programme user).
D2  Overview of DTAV

Data for the DTAV input routines consists of essentially two parts, (1)
DTACOM data to set up a table of keywords (which actually includes the programme
COMMON or labelled COMMON cards) and (2) DTAIN data consisting of KEYWORD data
where KEYWORD is (usually) the FORTRAN variable name of an array to contain
data to follow and data is (usually) numeric data punched in any mode {i.e.
1=1.51.D0) but which is converted to the mode of KEYWORD,

In addition to the free input feature briefly described, the DTAV routines
also include a printer dump routine (DTADMP} which labels the variables and
prints data contained by the variables (COMMON is zeroised first to prevent
rubbish data from being printed here) and a PRELUDE generating routine {(or the

name indicated) for setting up'variable dimensioned COMMON'.
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In the next few Sections we introduce certain user oriented features (as
distinct from programmer oriented features) of DTAV as a possible help to
system minded POW users - others have read far enough.

D3 DTAIN Input

The DTAIN input routine has itself 3 special keywords,

(i) gCcoMMON,

(ii) gopT, and

(iii) gMmoDp
described below,

(i) If gCOMMON appears as first data (starting column 7), rather than
FRELUDE, the remaining data to the keyword ZEND (starting column 7) replaces
the POW special data held on FORTRAN unit 4. The layout of (part of) the data
POW requires between the special keywords SCOMMON and FEND is given on the
printer if we use the control word
PRINT
in the user's PRELUDE (Section 5.6).

(ii) The listing of all input data is vital to a code such as POW. A
user tends to keep output listings but not input decks (since these are usually
being continually evolved). A user may however change the ligting option
(perhaps to prevent cross section data from being printed for many group prob-
lems) with the data (given anywhere in non-PRELUDE input)
gOPT f,m,n ¢

where
2 = lst column of card to be scanned, usually 1,
m = last column of card to be scanned usually 72, and
n = listing option, 0 for no listing, # O for listing.

(iii)} A quick perusal of gMOD ocutput made to PRINT as in (i) shows the
structure of separate data items of the general form

(Keyword, address, (*4) length, mode, option)

where
mode 1 = fixed point,
2 = *4 fleoating point,
3 = *8 floating point, and
4 = alphanumeric, and option is tested in POW's DTAIN control routine.

As a simple example of a possible application say we want to supply data
to a user written subroutine, SUB9 (Section 5,27). We could set up data to be
stored in the 4 (*8) neighbouring temporary data variables of COMMON WA,WB,WC
and WD thus
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gMOD  (SUB9D,WA,8,3,0) &

The data would then be entered (as *8 type) in the successive variables
WA,WB,WC,WD using

SUBSD 5,1.723D2,0,003,0 CALL SUB9

For alphanumeric data we would similarly use

#MOD (SUB9A,WA,4,4,0) §

SUB9A MOATA,MOATAl CALL SUB9

As a further less desirable possibility a user could change standard keywords
to names of his own choosing, If many new keywords are added using the feature
described here we may need to increase the table size set in the subroutine
SZECOM. Presently we have

SUBROUTINE SZECOM

COMMON/CSIZE/LBCOM,LSCOM

COMMON/SCANT/S (1806) - 6 words for each keyword

LSCOM=1806

CALL CMSIZE(LBCOM)

RETURN

END

D4  DTADMP Printer Dump

Vital to development of a large code is ready print ocut of labelled
variables of the programme during initial stages. Much of the usefulness of
POW's printer dump feature is now lost, however we give brief details here.
The POW data required to set up the dump consists of

(i) LIST, which sets a list of the variables required

(ii) IDMP, which selects the portion of LIST required for a dump at

different stages during the calculation (called, for example, with
the FORTRAN coding

CALL DTADMP (LIST, IDMP(2),2)

where the last argument is simply an indicative number to head the
dump) .

(i) The way LIST is specified is best followed using the example of the
default LIST of POW keywords (more easily understood when compared with the
table obtained using the PRINT option set in user's PRELUDE, Section 5.6)
LIST 1 ANAME TO DNAME,SCE TO MY,XM TO AM,WSEA TO MXINOT,INPULS TO STOP
LIST 2 ANAME TO MY,XM TO AM,WSEA TO MXINOT,IPULS TO STOP
LIST 3 ANAME TO AM,CF TO MXINOT,IPULS TO STOP
END
which is of length MIST = 28 set in the standard PRELUDE {Section 5.6).
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A dump then produces a labelled listing on the printer of all variables
in a segment of the full LIST array.
Segment 1, following LIST 1, produces all variables except the flux array,
the layout array and the coefficient array.
Segment 2, following LIST 2, produces all variables except the layout
array and the coefficient array.
Segment 3, following LIST 3, produces all variables, although only includ-
ing the coefficient matrix if MAXC=MAXG is used in the PRELUDE (Section 5.6).
(ii) The choice of whether a dump is required at different stages of the
calculation and which segment of LIST is to be used is specified using the
array
IDMP, We have the interpretation
IDMP(K) < 0 then stage K dump is not produced,
IDMP(K) > O then stage K dump iz produced following segment IDMP of LIST
The various stages K (and default values IDMP(K)) are...
1 ~ after all data read and before the calculation commences (0),
2 ~ prior to lst inner or outer iteration (0),
3 ~ dumps every inner iteration (0),
4 ~ dumps after each group has converged inner iterations (0),
3 ~ dumps after all groups have converged upscatter calculation (0),
© ~ dumps every IOUT outer iterations if OUTPUT PDUMP is used (1),
7 ~ dumps if outer iteration count limit, NOL, is exceeded (OUTPUT PDUMP)
(1),
8 ~ dumps if outer iteration converged (OUTPUT PDUMP) (1),
9 ~ dumps if TLIM exceeded for latest ocuter iteration (OUTPUT PDUMP) (1},
10-18 ~ not used (0)
19 ~ dumps for some types of input data errors (0), and
20 ~ dumps after STOP encountered in data (0).
Data is specified in the usual way, for example,
IDMP 5%0,4*1,11*0
Note: As a possible help in recovering from input data errors POW can give
printer dumps following segment 1 of LIST after some types of errors
are detected (IDMP (19)). Scanning of data continues although no

calculation is carried out.



APPENDIX E
A SAMPLE RUN (MOATA)

ALSYS CODE SUPERVISDR » 15 FER T3s

STYEP Pfw
158 " LIST OF SOULRCF STATENENTS
5 LIMKE PCW
2 FND
ERROR LFVEL OF O
CANE PCW CALLEC FROM SN 1 CF PATH AT TIME 04046 MINS FROM START

UNIY ASSIGNMENTS

{FTOLFO0LL0 2)y (FTC2FOOY 4DND12), (FTO3F001,D9131, (FTO4LFOOT,D05T), (FTQSFNOL.D021)s (FTCEFOOF,DD2SY,

{FTCIFOCL,D014 ), (FTCHFOO!,COD21}s (FTCSFOOL,D0260s (FTIOFCCI,DD13), {(FYVIFQOL,DNA4), [AEPLCT

(FTL2FCOL4D022)y (FTLIFQOL,MN231, (FTL4FOQL,NN24)s (FTLSF0CY,H225), (FTI14FCOY,0009), (

FiM=Ti4¢8 DEPT SOLY CF 2D “ULFIGFLUP N DIFF EQN *= 15 FER 734 GO TIME LEFF= 11,89 MINS

PFELUDE (STAMDARD)

HARX= 8L

MAX¥=]

MAXG=2E

MAxe=1E

MixsS=Yy

MAXW=2C0

MAXh=5(

MAXE=E(

MIST=2¢
* KEYWUPEG  PRIAT EN USERS PRELUDE CAUSES CCMMGMN AND TABLES O PRIANT

EM
PRELUNE MANX=23,MAXY=LT MAXG=4,MAXM=3 END
ASTANDARC CATA FCLLCWS sae
ACCLAMSY b g o=y La=2925-2424=2424-2 NOL=L00 ACCFOalo—44le~341,~2
NUP=1006+L6(4+C004 TFLY JEFL 1=l NIL=100,ACCFIx  0,07,0,1
K1G23100202 ACOMGZ =5, =5, SAMEGA=Y. MINIT=50,1C43 SFER®3,172-11
CBAL=34 41 4] 4281 RBAL=34,1,2,31
TRELX=04 40075 Q0+ 0uT5 AKEFF=1 4, AEIGEN® L, BKEFF= 1, ,BEIGEN=L,
SEARCH( 040C) lov2a—3430=2y 1o FSEA Llam2 Vo Dol L1.42 3, LSEA 3,3
MX5=1(1)1CCCC,NGC=0(1)1000,TL1Me(4S OUTPUT DATA SOURCE PRINT CATAFT
NOFISS=2,CALC=REAL FIGENV PROELEM REAQ THIS POW THISJOB AKEFF=l
XYPLY —1249Ba PUREJY =90 42492e94100 41 0010sT40.8,30
AFTEP 1CC00C IPULS 23,22 SPECT 1 0 0 2 5 100 AEDIT=4%C,2.~4,0 (sNOPRINT)
LIST 1 ANAME TC CMBANF,SCE YO PY XV TO AM,WSFA TG MXTNOY, IPULS TC STOP
LIST 2 ARAME TO MY4XM TO AM,WSEA TO MXINOT, IPULS TO S$TOP
LTST 3 ARAFE TC AF,CF TO NXINCT,IPULS TO STOP EAND
TOMP 5%04%1,9%0,1,0

ENE

*4 COMMCN WCRDS USED 16512 00004080 (RASE 10 AND BASE 16 RESP)
%4 CCMMCM WCRDS LEFT 23488 C000sSBLO

PCw MOATA EX+Y) CALCULATION, GYMEA DATA
* NCRMALLY 2.S DISK DATA WGULL SE USED
NG =4

x50 FUEL PM{l)

1254481-1 3,6863-1 9.02355-1 2,00%55%
GeblE12-2 6,C2354=2 6,B81026-) 1.12777-1
3. 732744 2, 3016T-2 3.96448-2 9,77554~2
CeQ 9.37282-7 2%0.C

2%0.0 4,88105-2 B, 15701~3

Ce0 5.06412-3 0.0 6.48822-1

Col) 1ab€242-7 4773182 N0

XS0 AL K(2})

1.16556=1 1.0(51469-1 9,05011-2 9,74386-2
1464155-2 1,20851-3 1.684524~2 1.34341=72
4%0.0

0s0 1u6122-2 2%0.0

2%0.0 5.C6776-4 C.0

00 5.26E£5-4 0.0 1.29382-2

2%0,0 1.2772é-2 0.0

XSD C #t2)

La43824-1 3,4¢422=1 3,T4)46-1 3,62541=]
2.24971-2 4,27208-3 9,B2699-2 F,3279-1
4+0.0

0.0 2.24856=2 2%0,0

2%0.0 4.22206-3 4,.23284-A

0.0 Y.585446-2 0,0 9,45TA8-2

LAST
LAST
LAST
LAST
LASY
LAST
LASY
LAST
LASY
LASY
LAST
LAST
LAST
LAST
LAST
LAST
LAST
tAST
LAST
1AST
LASTY
LAST
LAST
LAST
LAST
LAST
LAST
LAST
LAST

LAST
LAST
LAST
LAST
LAST
LAST
LAST
LASY
LAST
LAST
LAST
LAST
LAST
LAST
LASY
LAST
LAST
LAST
LAST
LAST
LAST
LAST
LASTY
LAST
LASTY
LAST

VAR
VAR
VAR
VAR
VAR
VAR
VIR
VAR
VAR
vae
VAR
VAR
VAR
vag
VAR
VAR
viap
yae
ViR
VAR
VAR
VAR
VAR
VAR
VAR
VAR
VAR
VAR
VAR

vap
VAR
VAE
VAR
veR
VAR
VAR
ViR
VAR
VAR
VAR
vaa
VAR
VAR
T
VAR
ViR
VAR
VAR
VAR
VAR
VAR
vaR
VAR
VAR
VAE

DRI,

$CPT
SCPT
MAXX
MAXNY
VAXC
FAXM
NAxS
FAXW
BAXK
NAXP
¥IST
MIST
END
$CPT
soPY
ACCFO
ACCFI
SFEF
REAL
BETGEN
LSEA
CUTPUY
AKEFF
PUREJY
AECIT
TPULS
TPULS
1PULS
ID¥F

Pl
PCW

T T I T X T T T E T TFTALTEETETC



E2

2%040 2.C7%22-3 0.0 } LAST VAR W
SP Te53584-) 2,45436~]1 2%0,0 LAST vap w
ASCUIE 10242 142:3 3%.30184 LAST VAR SP
WMEC 504,572 Lot 25,552,096, 0:625,10%5:0.71 LASY vAR AsC
YN30, 1525, 064 yat25,10%2,984,.71 LAST VAR Xx¥
REG MX=z1(1)22 MY=1()116 ME2) LAST ViR ¥N
REG WX=6{1))Z MYa){L]6 M(2) LAST VAR ¥
REG ¥aA=T{1)1) MPY=1{1}5 M1} LAST vaR M
START LAST VAR ¥
POW MDATA [(XsY} CALCULATI{MN, GYMEA DAYTA
LAYHBLT UF XY RFACTCR SEGNEMY 0471
YREE®ER
EXTRAPOLATICN BISTANCES D.0 ¥ * 0.T1 TN TRJMaFaPATHS (C.0 IMPLIES ZERG CLRRENT CCADITICM)
’ LEEY .4
d.0
KCTE THAT 1=WI1) 2=M{10),10=Hi{1l5} AND THAT FHE FISSILE MATS ARF IN HEAVY TYFE
1 2
1 2346567 PF301234C617%3901 2
A 03 2333372 23333333 1333133133
¥ 33333233333 2333333331333
'4 333333323332 3333332331373
13 323 322353 333273333232213131317
12 3 23 3333333333233 333333
1V 323 3333333323333 7233333
0 3323 3233333323 3%3373313333
¢ 333333333 3723333333313131
# 333333323312 33333123331313
T 23333 %3 37332333213 333313173
6 33333222222 2327232333131)
3333221111123 33313313131313
4 333332111112 32333%33% 3313313
3 3333721111123 3232313333
¥ 33333211151 2333332331333
1 333332111112333323313233

SULN METHUD TO BE LSID FOR 20 OJFFUSITA EQN

RINE *LX= & SEG BET LINES 1 T 12 17 23
SE23 WITH LINF= 27 5 [.Eu * ¥ +CRCUF AND REGION REBALANCE wITH *
[ANq 8N *L¥= 4 SEG QET L INES 1 6 11 1a 17
FUH MOATA (X ¥) CALCULATICNy GYMEA NATA

WESH FLYMY CCORDINATES

*x2 DESIGNATES BOUNDARY CONDRITION =TR4MuF JPATHS (0,0 IMPLIES ZERC CURRENT CONCITICAI

» MF fH ME SH wlCTH PCSITICR ¥ MFESH MESE WIDTH SIYION
FOINT (CHS) {CH5) PIINT (CHS Y {CHS)
LA JaC LT 0.0
4, 9T200E+00 0.C 1 5.064COE+00 0.0
? 4+ 572C0E+00 4.5T2CCE+00 2 54 064C0F+0C 5.065008 40
2 4e STNCOE+CC Sy Y440CE+QD 3 S+ 0640DE+00 1.012RCE+C)
I8 44 5T2CCF+ )0 e 27T160E+01 4 Se (A4 COE+OC 1 eE)920E4LT
k] e 512 00F+ D0 19283 E+0} s 5.CAACOELOC 2«025£0E4C)
) 5435000€=0i1 . 2BGGQE+OL 6 ho3650C0E~O1 2.53200F+01
7 20 95RCCE+GO 74 3495CE+0Y 7 2.594C05+00 25564 0E+D0"
9 2. SEHCOE+CO 24 €463+ 0} L) 2259400E+0C 2.8%400E+01
o 24 S58CO0E+UO 2.56210E+0 9 2,98400E+0C 3416240840
] 24 SAHOQE+CO 3. 23590E+01 10 24 G5R500E+00 3450805+
1) 2o FSACOE+00 3.5367CE+Q! 1 2aCE4COE+OC 3.78920F+C1
12 6o 35G30E-0) . A335CE+C) 12 2+5B400E+0C GoCRTHOE+O
13 5, CN000E+CC I, ECTCCE+QY 13 2.,98400€400 %o IEHQ0E+QL
4 5. 0CNCCE+CT 4a IGTCCE+0] 14 2.504COE+OC 4.6 844QE4CY
13 54 CCUCCE#OC 4 ESTCCESCY 15 2450400+ 00 4,9 8230400
15 S+ CONCCEL D0 54 7STGOE+Q) 16 2.9A40DE+0C 5e28120€+01
17 5. CLLCCE+OQ Re ASTOCE+0) 17 7. 10000F=-01 Su57960F40)
13 54 COICCESLL 6. ISTCCE+DN rEE
13 5+ 000COE+QC 6y ESTCCE+Q
29 5e COOD00E+QC T« 39TQOE+C]
23 5+ CNOCCE+DQ T+ BSTCCE+OL
2? 54 COOOOE+QO Ba 39 TQCE+QL
23 Te LCQOOF-01 Ba ESTCCE+OL



FCW MDATA

CUTPLT L ATA

25D FUEL

e S44F {101
©,R13155-02
1.732 145~ 04
C.C

C.0

c.0

0.0
cext 1y

2 LSTTHEC DO
CoyYt )

7L 15TTETH00

MSC AL

Lo i €5 545E=-01
ZalBTTHE-C2
C.0

0ad

0.0

[LPD)]

Ce0

Coxt  2)
2.85%85E40¢
[Cvt 2]
?oRSSESE+0D

xS0 C
Vab4SAZ4E-01
cetERLRE-D2

FOF PQW MCATA

LAY

T 6PHI0E-01
6.1 8992E-02
3.30167£-03
G,27282E-02
0.0
£.05412E-03
1.4£342E=-07

G.042649E-01
9.04249E-G1

M 2D
Y.CE169E-0L
T« 04039E-03
Q.C
1.41320E-02
0.0
5.3£88%E=-06
0.0

3.16950E+00
2. 1E655CE+QQ
i 31

3u54423E-01
6,01283E-03

0.0 0.0
0.0 ?,2485LE-02
0.0 0.

C.6 1.5¢544E-03
0u0 0.0

cCxd M)
2.22482F¢00 2.6 T602E-01

revl 24
2.22433E490 9,675026-0]

FER
2.1720CE-11 0,0

p

Te325645-01

2 e bbb 3GE=-01

(X+¥)

J.023%5F=-Ci
bu B17CEE-OL
A, 56448E~C2?
0.0

L4 EE1CIE-C2
0« C

4e TIZ1RE=G2

3a 6S4C4E-C

34 £9404F-00

. 0L0L 1 E-07
2452295E-C?
[
U
5.C6T1TEE-C4H
CeC
1,2173¢6E~02

34871 SE+CO
3. 68319E+00
3. Ta)hep~0L
9 €GCS1EF~02
0.0

0.0

4e22305€-03
N0

B.CT922E-C3
3.50918E-0)

8. G(G) RE-OY

0.0

0.C

E3

2,00955E+30
1+130R2E-CL
94 TT354E=-02
Coo

A, TSTOVE=-03
£,48822F=01
Cal

LoA8975E~00
1.65375€6-C1

9.34385E-02
1.99951E~(2
c.o
el
.0
1.,287%82E-02
0.0

256 T40E +00
A.56T40E+00
Ja53561E=01
1.00150E~-02
<214

0.0

4.232B4E-09
9.65TBRE=-Q2
Ce0

JeL&6MTE~DL

9.16907F-01

Ce0

CALCULATION, GYMEA DATA

SIGTR
SIGREM
HLSIGF

CUTS
cLYs
cuTs

1
2
3

CUTS &

SIGTR
SIGREM
MISIGF

TS

trs 2
Cuts 3
CuTs &

SIGTR
SIGREM
MISIGF

cuTS
CLTs
CLTS
CcuTs

LA e R R L P L R L L R L NI R E R R E A RSP L PR IR Ly Py S T e T T 3

UXo¥) CALCULATICM,

INKEF IT FIGEKV-GP £ISCFEGA)

SEARCHL 0.0 }
CUTFR  KEFF

0 1,0004000

1 049157

2 0.,M0QI54

3 0.99%211)

4 GCeS0T7CA3

5 Ce99734E

A 0,99289721

1 0.598766

5 0.59HI0A

4 0998942

Y0 Ga599040

11 049990%3

CONVERGE

GYNEA DATA

Elle)

FOCHEGA) MIN
0 N0 OF GP PASSES € MAX ERR 3 GPS WITH UPSCAT

G5p IT FFR vtawea s FCR THNER TTERAYION,
SCE-FRR  N-BALAMEFE OCFINANCE CRIT=EIGENY TN STAGE GU-MINS GBAL-ERR
1 0CO000E 420 3
L C.f4559) 0.A&6535 (0,43TL20 13
2 0.9C2672 0.903573 045256292 4
3 Cot24999 04625006 0.2406412 13
4 C.BBE£247 0.986251 0.4955680 4
1 26 0.0573691 2 21 0.0621200 3 )27 0.0330933
Ce285706¢6 0.56915T7 0.C 1+09G000E+00 0O 3
! 5 JeQl73ké4 2 T 0.0100674 3 & 0.0127509
Call54352 1.027285 0.0 1.000000F+00 0 3
1 T 0.0074466 ? 8 0.0044067 2 & 0, 0044252
CeCALLGSAE LaCOIGET 0.0 1.000(0C0E+0C © 3
1 & 0,0050247 2 8 0.0024938 3 6 0.0021C72
Ce 04 ELUT6 JuLC2PER 0.0 L.00000QE+00 O 3
1 6 0,0032153 2 8 0.,0015773 3 & 0.0013300
Te 0304101 1. CLCEET 0.£234805 1.00C0006+00 L 2
] 9 0.,9015157 2 9 0.0000964 2 6 0.0010832
CaQ036904 1.CCCTE4 Ca£234885 1,000000E+0C 2 2.
1 11 Q.0003555 2 12 0.0002357 3 T 0.000€C53
C.C0400139 1,0COC35 0.£234885 1.00000CE+HDC 3 2
1 9 U.QOQ01£13 2 9 0.0001450 3 1 0,0002177
0. 0C19669 1.000139 046234885 L.000000E+00 4 2
1 9 0.000%t) 24 2 10 0.0000777 3 T 0. 0001 C09
CoNOL0406 1,00007% Q47294192 1.030000F+00 } 2
1 9 0.0000%26 2 9 0,00003%4 k) T 0.C000466
CaCOC5564 1.C0005T 0.7294192 1.000000F 00 2 1
1 11 o.00u0271 2 12 0.0000161 3 T 0. 0000277

1]

Co 0OCE992 1,000022

0.?

294192 1.010000E+00

[+ Q

CALC= REAL

0421

1.17
1.57
leSE
?.29
2. EC
3.23
3. 70
4418
Gy €0
4.58

5. 39

4
4
'S
4
.

&
&
4
'S
4

LY

EIGENY

REAL~ERR

14 0.C6C2079
0.851422 0,283232
4 0.0126030
D.02296C 0.¥81130
8 0. C054894
0. 015954 0.C46E8983
T 0.C04385]

Ce 07218 0.02€725
T 0.0030473

Qe COME26  0,013229
8 0.0020023%

0.002762 (€.CCT034
11 0.00054€7

0. 00166¢ 0.004076
10 0.C002179

0.000584 0.C02087
10 0.C00r008

0,000272 0.0CC981
10 0.€000472

0.000273 0.CO0C451
10 0.C00027¢

04000273 04000250

SN

FREBLENM

NN NN N

NN NN

~

0. 06028279
Ca C12745CY
Ce 0054 E54
0. COABEEL
0, 00304713
0, 0020833
Q. COOGLC53
C, 0002179
0.0001C09
C. 0000472
€. C000277
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INDEX

ABS, poison absorption

ACCFO, local reaction accuracy

ACCLAM, neutron balance accuracy

ADJOINT flux solution

ADJOINT steady state equation

AEDIT detector response edit data

AFTER n RESTART calculation

ALBAR, resohance equivalence data

AUS neutronics computation scheme

BETAD, delayed neutron fractions

Boundary conditions

BSQ, DB’ leakage

CALC, calculation type

Chebyshev extrapolation, outer iteration

Concentration SEARCH (-0.0l1),SUB1

Control languages

Criticality SEARCH

Cross section, card data, selection, XSD

generated in core, EDIT
library data, AUS

selection, XSD

16 group Hansen-Roach

26 group ARBN
MODIFY

Datapools, AUS - see cross section library data

Data sets, POW
;5 leakage, BSQ

DCX{m) , x directional diffusion coefficient
DCY(m), y directional diffusion coefficient

DEFN, mixture definition
Delayed neutron, data
group precursor

Diffusion equation multigroup neutron

steady state

DITTO, Pn {n#0) data

DLAMDA, precursor decay congtants

32
55
55
8, 39

71

60, 90
26

14, Al
22

3, 33
31

39

43
14
39
18
62
A2
24
c1
Bl

29

Al
31
20
20
30
22

29
22



DTAV free input routine
DTS, time integration step length
Edge flux
EDIT, core generated cross section data
-1,..., point
0,..., perturbation
l1,..., region
END, termination data
Eguilibrium fission spectrum
External source, fixed
FER, fission energy release
Fission spectrum, mixing
prompt, SP
Fixed external source, FSCE
Flux solution, ADJOINT
REAL
KINETICS
Free input, data
routine
FSCE, fixed external source
FSCEL, fixed external source
FSEA, additional search data
Functional data blocks, kinetics
steady state
Gauss—-Siedel upscatter iterations
GBSO, groups dependent bucklings
Geometry data
Groups, rebalance
velocities, VEL
GROUPS, collapsed group structure
Groups, delayed number, IGD
enerqgy number, NG
Heading,
HOMOVR, homogeneous volume ratios
Initial conditions
Inner, iteration limit (NIL)
iterations (SLOR)

Internal boundary conditions
control absorber

9, DL

88
2,

34

75
69
62
77

39
39
39



I0UT, output frequency
Jobname
JCL, job control language
Kinetics data
KINETICS, REAL flux solution
Leakage, DB? (BSQ)
group dependent {GBSQ)
Library, cross section, selection (XSD)
group data
Listing of input data, SOPT
I.SEA, additional search data
LX, region rebalance mesh selection
1Y, region rebalance mesh selection
MAXC, max. groups of coefficient matrix in core
MAXF, max. fixed source
MAXG, max. energy groups
MAXGD, max. delayed groups
MAXM, max, materials
MAXN, max. MREG data
MAXP, max. PULSE data
MAXR, max. region rebalance data
MAXS, max. additional reactions
MAXW, max. length of user's working array WSEA
MAXX and MAXY, max x and y mesh points
Mesh, SEARCH (-0.02), SUB2
spacing, ¥ direction (RM(SPHERE))
x direction (XM)
y direction (YM)
z direction (ZM)
Mixture definition, DEFN
MOATA, sample run
kinetics
MODIFY, cross section
MR, REG layout
MREG, material regions, point EDIT
region EDIT

58
18
14
78

31
66
24
24
10, b2
43
54
54
17
17
17
17
17
17
17
17, 53

.17, 19

17
17
45
33, 36
33
35
35
30
11, E
79
29
36
72
el

Multigroup neutron diffusion equation - see diffusion eqguation

MX, REG layout,

37



MXS, cross section correspondence 62

MY, REG layout 37
MZ, REG layout 37
NG, number of groups 19
NIL, inner iteration limit 57
NOFISS reaction index 52
NOL, outer iteration limit 56

Numerical methods

Outer iteration, Chebyshev extrapolation

limit (NOL) 56
OUTPUT, frequency, IOUT 58
requirement specification 57
kinetics 89

Perturbation EDIT 0,..., 66, 69
PLOT, specification (1 and 2D) 72
Point EpPIT -1,..., 71
POW, jobname ' 18

; source language

, the code
POWER, initial power sgpecification 82
Pn(n#O) data (DITTO) 29
Poison abscrption, ABS 32
Precursor, delayed neutron group. 5
PRELUDE 16
standard 17
PRINT, PRELUDE 17
Printer dump QUTPUT PDUMP 58, D3
Prompt fission spectrum, SP 21
PULSE, description 82
, user supplied function 84
PUREJY, additional 2D PLOT data 74
REACP, REACtivity Pulse 86
Reaction index NOFISS 52
READ, cross section LIB data from disk 27
gecmetry REG data from disk 38
REAL, flux solution 7, 39
steady state equation 7
Rebalance, group 6

, region 6



REG, region layout 36

Region EDIT 1,..., 60
Region, rebalance 6
; Supermesh 53
SEARCH (-0.03),SUB3 47
Resonance, equivalence data, ALBAR 26
theory 24
RESTART calculation 58, 89
RM, r mesh spacing 33
RM(SPHERE) , spherical mesh spacing 36
Sample run (MOATA) 11, E
kinetics 79
SCEP, fixed external SocurCE Pulse 87
SD(i), delayed fission spectrum 23
SEARCH, criticality 39
SFER, standard fission energy release 22
SLOR, successive line over relaxation &
SP, prompt fission spectrum 21
Standard fission energy release, SFER 22
START calculation 58, 89
Steady state equation
ADJOINT -8
STOP, termination data 16, 77
Subroutines, user supplied (FORTRAN), SUB4,..., 15, 76
SUB1, concentration SEARCH(~0,01) 43
SUBZ, mesh SEARCH(~0.02) 45
SUB3, region SEARCH(~0,03) 47
SUB4,..., user supplied coding 15, 76
Sunmary of the data blocks 13, 81
Termination data 55
kinetics. 89
Time dependent pulses 82
Time, integration step length, DTS 88
limit on machine (TLIM) 56
Trial flux 53
UEDIT, user supplied coding 15, 57, 76
Upscatter iteration (Gauss-Siedel) 6

User supplied coding, SUB4,..., 15, 76



VEL, group velocities

WRITE, cross section LIB data on disk
geometry REG data on disk

WSEA, user's work area

XM, x mesh spacing

XSD, cross section data

XYPLT, additional 1D PLOT data

YM, y mesh spacing

ZM, z mesh spacing

OD representation

1D representation

gOPT, input data listing option

21
65
38
41
33
19, 24
73
35
35
36
35
10, b2



